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PEEFACE

The first edition of the Encyclopceclia Britannica was prepared by “ A Society of

Gentlemen in Scotland,” as the authors are described on the title-page, and

the first weekly section was sold in December 1768 by “Colin Macfarquhar, at his

printing office in Nicolson Street,” Edinburgh. In 1771 the publication was completed

in three volumes quarto, containing 2670 pages and 160 copper plates. From this

small beginning the EncyclopcBdia Britannica has increased, in size as well as in

importance, until the present edition, when completed by the new volumes, to the first

of which these words of introduction are prefixed, will include more than 28,000

pages and more than 12,000 plates, maps, and other illustrations. The evolution,

during the one hundred and thirty-four intervening years, was gradual. The second

edition, containing 8595 pages, was completed in 1784 ;
the third, 14,579 pages, in

1797; the fourth, 16,033 pages, in 1810; the fifth, 16,017 pages, in 181/ ,
the

supplement to the fifth edition, 4933 pages, in 1820; the sixth edition, 16,017 pages,

in 1823; the seventh, 17,011 pages, in 1842; the eighth, 17,957 pages, in 1861. The

first volume of the Ninth Edition was published in 1875, and the last, making a total

of 21,572 pages, in 1889 ;
and the continued public recognition of the utility of the

Encyclopoedia Britannica is strikingly shown by the fact that of this Ninth Edition

more than forty thousand copies have been purchased in the United Kingdom alone during

the past four years. The vitality and authority which the Encyclopedia Britannim

has maintained through a period of almost a century and a half may be attributed to

two conspicuous and distinctive characteristics, inherent in the purpose,^ and apparent

in the execution, of its successive editions. In the first place, the publishers and the

successive editors, from the beginning, brought to the undertakmg an elevated view of

their task. The Scottish origin of the work imparted to its inception a certain stemne^

of purpose, and the perfecting of the successive editions has been almost a cult, as wel

as a business. The second characteristic, the coUaboration of distinguished contributors,

was at once a corollary of the policy of the editors and a result of the reputatnm whie

Encyclopedia Britannica so promptly acquired and so firnaly retained The fact

has often been cited that in 1812 Dugald Stewart received for one
_

Philosophical

Dissertation,” in the supplement to the fifth edition, a sum of £1700, w iic i was

unprecedented remuneration for such a task, and from that time the cost of obtaining
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the best work seems never to have given pause to an editor. But no scale of payment,

however liberal, could have enlisted the services of all the distinguished men who con-

tributed to these nine editions, if they had not held in high esteem the national library

of reference—^no longer merely a Scottish enterprise—for which they were invited to write.

Sir Walter Scott, Macaulay, Arago, Hazhtt, De Quincey, Professor Playfair, Jeffrey,

Charles Kingsley, Ricardo, Dr Hooker, Layard, Baron Bunsen, Sir David Brewster, and

Professor Owen were among the contributors to the first eight editions. The contributors

to the Ninth Edition numbered more than a thousand, among them so many men of the

highest distinction that their quality can only be indicated by the citation of a few such

names as those of Professor Huxley, Lord Kelvin, Lord Rayleigh, Sir Archibald Geikie,

Professor Max-Miiller, Professor Ray Lankester, Sir William Crookes, Sir Robert Ball,

Mr Alfred Russel Wallace, Mr Swinburne, and Robert Louis Stevenson. The statement

that the last of the new volumes of the Encyclopedia Britannica will be published

within a year, and that the contributors are a body no less distinguished and pro-

portionately even more numerous, completes this brief summary of the history of the

work. It has been the aim of the editors to make the new volumes so complete that no

further edition will be required by the present generation, for the new portion of the

w'ork, in combination with the exiting volumes of the Ninth Edition, forms, for aU intents

and purposes, a tenth edition.

These new volumes constitute a new, distinctive, and independent library of reference,

dealing with modern developments of science, art, literature, history, biography, sociology,

industry, commerce, invention, medicine and surgery, although their primary purpose is

to supplement, complete, and bring up to date the Ninth Edition. The urgency of com-

plementing that edition was even greater than the date of its publication would indicate.

The first four volumes were published in 1875, the remainder appearing at varying

intervals until the work was completed in 1889. Roughly speaking, the year 1880 may
be regarded as a median date fairly representing the time of production of the average

article. As a matter of fact, however, the Ninth Edition gave to the events of the Victorian

Era a consideration less minute than that which it accorded to earlier periods of history

and earlier developments of the arts and sciences. The intellectual point of view, in

1875, was influenced by scholastic traditions of which the rigour has since undergone

considerable modification. It was then the practice to await patiently a future time

at which what was called the historical perspective might be attained. It was thought

imprudent for the writer to venture upon ice as yet but newly formed. The article upon

the History of England, for example, appeared in the eighth volume, published in 1878,

and of its 104 pages, 102 are concerned with events prior to the death of George lY.,

and only two writh English history subsequent to 1830. In adopting this policy,

the editors of the Ninth Edition acted in accordance with the best opinion of their

generation. Since their day opinion has altered; it now seems proper that a work of

mference should, as closely as is consistent with the avoidance of hasty judgment, present

a full account of the most recent events and the latest phases of progress. The new
volumes thus cover a period of time and a field of subject-matter proportionately larger

than the period and field which the Ninth Edition added to the scope of the eighth. In
selecting the point of departure for each article, as well as in deciding upon the moment
at which its subject should be relinquished, the editors have been impelled by the changed
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conditions of our time to give more space than would have been required if they had been

content to regard their task as limited by a period of twenty years, and by the degree of

reticence with regard to recent events which was formerly thought to be advisable. Of
the sixteen thousand articles in the Ninth Edition, a great number needed no revision, but

many others—even among the articles dealing with completed achievements, such as the

lives of men long since deceased, and the histories of extinct nations—called for modifica-

tion as a result of recent research. Yet, if the last twenty years alone were to be displayed

to the reader, they would be recognized as marked by a progress absolutely unmatched in

any equal period of the world’s history.

Sir Archibald Geikie, on the occasion of the banquet held at Christ’s College, Cam-

bridge, in 1888, to celebrate the issue of the twenty-fourth volume of the Ninth Edition,

expressed a wish that it were possible explicitly to contrast the conditions and prospects

of the world at that time with what they had been when the eighth edition was completed

in 1861, “ to sketch the vast realms of knowledge and of thought that had been conquered,

and to enumerate even a few of the great treasures, undreamt of in variety and value,

which have been added to the sum of human knowledge.” Such an apposition, displaying

side by side the state of human knowledge in 1880 and its present state, would yield an

even more striking lesson. Within these twenty years—and as we have seen, the period

covered by the new volumes is in fact much longer—there have been astounding changes

in all departments
;

political, social, economic, religious, scientific, literary, and artistic.

Political frontiers have been altered by wars and conventions ; the British Empire has

vastly increased in vitality as well as in extent ; America, recovered from the shock of her

Civil War, has become a world-power as well as an industrial factor of the first import-

ance ; Germany, since the Franco-Prussian War, has become another industrial competitor

;

France has made extraordinary efforts to regain lost ground; and in the Far Bast, Japan

has attained an unforeseen importance. The chief postulates of all branches of inquiry

have been revolutionized by the widespread application of the theory of evolution and of

new methods of research, while the application of science to the arts has enlarged our

vision and led to new inventions in every sphere of life. Preventive medicine and

aseptic surgery have come into existence and been matured ; literary and artistic produc-

tion has increased with almost unexampled rapidity, and much of this increase has been

wholesome and deserves attention
;
great men and women have passed away, leaving

their lives to the enlightenment of posterity, and new personalities of commanding

importance have come to the front.

Containing, as they do, not only an account of this fertile period, but dealing also

with many events and developments earlier in the Victorian Era, the new volumes cannot

but be of use as a distinct encyclopaedia of modern progress, adapted to the wants of

readers who desire to confine their reading to modem topics. In order, on the other hand,

to estimate the practical utility of the new volumes, if they be regarded as a supple-

ment to the Encyclopcedia Britannica, attention must be given not only to the inevitable

gaps with which the lapse of time has pitted the Ninth Edition, but also to the position

which that edition occupies in public esteem. In the United Kingdom alone more than

fifty thousand persons possess the Ninth Edition and regard it as the most authoritatH e

work of reference. In the United States more than four hundred thousand copies have

been purchased. There are, therefore, in all parts of the English-speaking world, a vast-



X PBEFACE

body of men wbo habitually use the work and who await the appearance of a complement

to its contents. They form the half-million readers whose requirements the editors have

had primarily to consider. The endeavour to meet these requirements has been made at

a particularly happy moment, for, in nearly all civilized countries, a census was completed

just in time to enable the editors and contributors to avail themselves of the latest official

statistics. It is not simply in respect of its statistical information that a census yields

important material. It affords a large body of fresh facts with regard to public health,

commerce, agriculture, and manufacture, the spread of education, and the comparative

vitality of various nations, so that articles of many different sorts are far richer and fuller

than they could otherwise have been. There is, indeed, no publication other than these

new volumes in which the results of this world-wide census are similarly comprised.

To the twenty-four volumes of text in the Ninth Edition of the EncyclopcBdia,

Britannica there will now be added eleven further volumes containing 10,000 articles

by 1000 contributors, 2500 new maps, plates, portraits, and other illustrations
; in all

about 7000 new pages, the volumes being of the same size as those of the Ninth Edition.

The preparation of the new volumes was begun early in 1899, but the first year’s work
was largely devoted to fixing the scope and plan of the work, determining the subjects to

be treated, selecting the departmental editors, to the selection by them of the contributors

(a choice which could judiciously be made only by men of special technical knowledge),

and to the discussions which necessarily preceded the actual task of writing. In order

that the various contributions, especially those in which statistics play an important part,

or in which new inventions or discoveries are described, should be checked and corrected

in the light of the most recent research, all the articles have been carried in type, subject

to revision by editors and contributors, and will thus be found to contain information

available only a few weeks before they issue from the press. So great is the number of

subjects treated in the new volumes, and so thorough their treatment, that only the most
zealous goodwill on the part of the contributors has made it possible to keep the new
matter within eleven volumes. This limitation was the more difficult, or from another
point of view the size of the supplement was the more inevitable, for another reason.

In the earlier history of the EncyclopcBdict BritO/nnica, we find that biographies of
any sort were barely tolerated. In 1776 the third Duke of Buccleuch, who was greatly
interested in the project of the second edition, had much difficulty in persuading the
editors to include biographical articles, which they deemed “ inconsistent with the purpose
of a dictionary of arts and sciences.” In the case of the new volumes it has been thought
necessary, in order to bring the biographical section up to date and to make it as
comprehensive as other sections, to include lives of certain living men and women. The
policy of the editors in this particular was to select for the most part the lives of those
whose positions had become so fixed that, whatever promise of future achievement their
contmued vigour might give, there was no reason to believe that the general character
and purpose of their work would materially change. Among the younger generation,
biographies are included of reigning sovereigns or heads of states, and of some few others
whose names are already of commanding interest.

A noteworthy feature of the new volumes wiU be the new and comprehensive index
to the completed work, covering under one alphabetization the Ninth Edition and the new
volumes. It wffl contain more than 600,000 entries, and will not only be exceedingly
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minute in its analysis, displaying the latest development of the time-saving art of precise

indexing, but will also be by far the most complete index to the general sum of human

knowledge which has ever been compiled. An index thus constructed on modern lines will

greatly facilitate the use of such a work as this, for its possessor will enjoy the advantages,

without suffering the disadvantages, w’hich mark a work of reference consisting of general

treatises rather than of brief and fragmentary articles treating, after the manner of a

dictionary, each subdivision of a subject under a separate heading. This dictionary

system of treatment gives a far less readable result, and its practical convenience is

no ereater than that which the new volumes will offer with the aid of their elaborate

index.

Other considerations which affected the size of the supplement were the need for new

maps, called for by recent political changes and geographical discoveries, and also the

necessity for copious illustration. The Ninth Edition was more amply illustrated than

any former work of reference had been, and since its time the utility of informative

illustration, as distinguished from mere pictures, has become more and more generally

recognized. A picture of a machine, occupying a few square inches of space, conveys

a clearer impression than a whole page of description. The new volumes are therefore

even more copiously illustrated than were those of the Ninth Edition, and the 2500

separate drawings which were made will, it is believed, fully justify the great care which

has been expended upon them. The portraits and reproductions of pictures which accom-

pany the biographies of living celebrities have in important instances been chosen for this

purpose by the persons themselves, and the engravings have all been executed specially for

the work. Every effort has been made to conserve in the new matter the high standard of the

Ninth Edition, although the articles are conceived in a spirit more modern than that which

obtained a generation ago. The present demand for practical details, for the industrial as

well as the theoretical point of view in treating scientific developments—a natural result

of the fact that new classes of readers have been stimulated to practical research by the

spread of education—^is another factor which contributed to the number and variety ot

the articles. Men who are engaged, if not literally in the manual processes of manu-

facture, at any rate in the immediate supervision of these processes, form a section of

the reading public peculiarly exacting in their requirements. The great keenness of com-

petition between English and foreign manufacturers furthermore makes it essential that

financial, commercial, industrial, and scientific topics should not be approached from an

insular and restricted point of view.

"With this and many other considerations in mind, the selection of the contributors

to the new volumes was a task of great delicacy. The first step was to choose the

departmental editors by whom the individual contributors should in turn be nominated,

and in both respects the editors believe the selections have been remarkably successful.

A list of departmental editors and of contributors will be found in another part of the

work, and it will be perceived that German, French, Butch, Italian, Spanish, Eussian, and

Scandinavian writers have done much to round off the comprcdiensiveness of these new

volumes, and to bring to a wider field of examination the same spirit of accurate scrutiny

which characterized the Ninth Edition. It may be doubted whether in any previous work

of reference the advantages to be gained from the cosmopolitan character of the stafi

of contributors have been so fully attained. Absolutely no discrimination was nnule
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between British and foreign writers, eonttibutions having been invited from the men

believed to be best qualified to write upon each of the subjects to be treated, and in

respect especially of American writers the result has greatly added to the comprelmnsive-

ness of the work. Certain fields of apphed science and industrial development have of

late years owed so much to American initiative, and the subjects in regard to which it was

desirable to enlist the co-operation of American writers consequently proved to be so

numerous, that an editorial branch ofiice was opened in blew York. The names of the

American departmental editors and contributors speak for themselves, and for the purpose

of this preface it is sufiicient to say that, while Le Figaro described the Ninth E^tion as

“ Uii monument litte'raire augwl VEurope savante tout entiere a collahore, these

supplementary volumes are the product of the New World as well as of the Old.

It has already been observed that readers in the United States form a considerable

proportion of the public to which these volumes may be expected to appeal, but it

should be noted that the care with which American and Colonial subjects are treated

would have been as sedulous if the supplement had been intended for readers in the

United Kingdom only. The world beyond our oivn islands, and especially the Enghsh-

speaking part of it, has become more intimately associated with our hfe and thought than

it was twenty years ago. Cargoes of wool from Austraha, and of cotton from America,

are no longer the only enrichment we receive from the descendants of the British who

betook themselves to fresh fields of enterprise. They send us new ideas and new inven-

tions, and the fruit of their activities becomes indistinguishable from other portions of the

common heritage of the race.

In allotting subjects to the various British and foreign writers whose co-operation

was invited, the editors were guided solely by the desire to procure the best possible

treatises, without regard merely to the measure of reputation enjoyed by individuals,

and yet by this process they have associated with the work a body of men whose names

will readily be recognized by the general reader. If the collaboration of eminent men
can ensure success, an examination of the List of Contributors to these volumes will

show that the editors have been greatly favoured. The natural impulse, when contributors

are to be chosen, is to enlist the assistance of ready writers and trust to their versatility.

But an authoritative work of reference cannot be created by so hazardous a method. Not
only men accustomed to Hterary activity, but those to whom verbal expression is a mere

incident of other activities—sailors and soldiers, men busied in commerce and finance,

leaders in all the different divisions of life—must bring each his special knowledge to bi«

special subject. That was the policy adopted by the editors of the Ninth Edition, and
their example has been followed in the present undertaking.

The editors desire in this connexion to express their great obligation to the depart-

mental editors, whose expert knowledge has been of incalculable service in suggesting the
names of the writers best qualified to treat special subjects, and in advising the editors

with respect to technical articles. A list of these departmental editors will be found at
the beginning of this volume. The editors are also indebted to other eminent authorities

for advice with regard to larger aspects of the task. They have not hesitated, in the
course of an underbaking so important from every point of view, to ask personal counsel
from those whose rank or official position precluded a direct association with the work,
and in every instance their requests have met with the fullest acquiescence. More
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detailed acknowledgments of the editors^ many obligations will be found in a note forming

part of a later volume.

The practice of identifying the more important articles with their authors by means

of initials has been followed in these new volumes to an even greater extent than in

the Ninth Edition, although it has not seemed desirable for living writers to sign the

biographies of living persons. In a few cases important articles are deliberately left

unsigned, for anonymity was necessitated by the fact that only on that condition could

the editors induce certain highly-placed writers to undertake subjects which they had

made peculiarly their own, and yet could not treat with the detachment which is

essential to objective discussion if their personalities were formally absociated with what

they said. In enlisting the w^riters of l)oth the signed and the unsigned articles, the

editors had to overcome many reluctances, due often to the difficulty in which a new^

writer is placed when invited to complete another mans wrork. The editois full}

recognize that in this respect, as in others, their labours in the matter of secmiing the

best writers have been lightened by the honour in wdiicli the Encijclopcedia Britannica

is held. Unchallenged throughout the changes of more than a century, that wmrk stands

as the classical embodiment of the highest scholarship and research. Contributors, as

well as editors, are proud to associate their efforts with the traditions of an enterpiise

which confers some ray of its lustre upon the least among it& servants*

THE EDITORS.

Loxdon, May 1902 .
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AACHEN-AARHUS
Aa.Ch0n. the German name for Aix-la-Chapelle

ASilborg'i capital of county Aalborg, Denmark, on
the S. side of Liimfjord, 87 miles by rail N. from Aarhus, a
growing industrial and commercial centre. In 1899, 1532

vessels of 250,745 tons entered the port, and 1599 of

245,681 tons cleared. The iron bridge connecting Aalborg

with Norre Sundby (pop. 3000) on the N. side of the fjord,

1250 ft. long, is one of the finest pieces of engineering in

the kingdom. Population, 14,152 (1880) ; 19,503 (1890) ^

31,462 (1901).

Aa.le$uncl| a seaport town of Norway, situated on a

ring of islands surrounding the harbour, co. R-omsdal, on

the W. coast, 145 miles N. by E. from Bergen. Founded in

1824, it is the principal shipping-place of Sondmore, and

one of the chief stations of the herring fishery. A little to

the south of the town are the ruins of the reputed castle

of Gangu Hrolf, the founder, in the 9th century, of the

dynasty of the dukes of Normandy. Population, 5603

(1875); 8406 (1891); 11,672 (1901).

A£ir£lU| the capital of the canton of Aar^u in

Switzerland, on the Aar, about 50 miles by raU from

Berne, and 31 miles from Zurich. In the parliament

house there is some good painted glass of the 16th cen-

tury from the neighbouring Benedictine abbey of Muri,

suppressed in 1841. Aarau was the residence of Heinrich

Zschokke (born 1771, died 1848), the well-known Swiss

novelist and historian, to whose memory a bronze statue

has been recently erected in the town. Population, 6809

(1888); 7824 (1900).

Aa.rg'a^U, a Swiss canton, bounded on the N. by the

Ehine, on the E. by Zurich and Zug, on the S. by Lucerne,

and on the W. by Basel, Solothurn, and Berne. Its total

area is 542 square miles. Of this 517*9 square miles are

classed as “productive,” forests covering 169 square miles,

and vineyards 8*2 square miles. The population was

198,718 in 1870; 198,357 in 1880 ;
193,580 in 1888 ; and

206,460 in 1900, being 381 to each square mile. The popu-

lation is almost exclusively German-speaking ;
for in 1900

there were but 826 French-speaking, and 2468 Italian-

speaking inhabitants. In 1888 there were 85,835 Romanists,

106,351 Protestants, 1051 Jevrs; in 1900, 91,047 Roman-
ists, 114,218 Protestants, 1010 Jews. The capital is

Aarau, the only other towns in the canton which in 1888
had over 3000 inhabitants being Baden, Zofingen (4450),

and Reinach (3130). The cantonal constitution dates

from 1885. The legislature consists of members elected

in the proportion of one to every 1100 (or fraction over

550) i^abitants. The “obligatory referendum” exists

in the case of all laws, while 5000 citizens have the right

of “initiative” in proposing bills or alterations in the

cantonal constitution. The canton sends ten members
to the Federal National Assembly, being one for every

20,000, or fraction over 10,000 inhabitants. In 1897 the

state revenue was 3,260,156 francs, and the state expen-

diture 3,064,181 francs, but both in 1898 and in 1899 there

was a deficit, while another of 98,600 francs was in the

budget of 1900. In 1897 the public debt was 2,430,000

francs, while the productive state property amounted to

19,317,644 francs. There are many old historical castles

in Aargau, such as Habsburg, Lenzburg, Wdegg, ifec. In

1841 Aargau, under the influence of Augustine Keller,

suppressed the eight monasteries (of which the most im-

portant were Muri and Wettingen) within its territory,

this violent act ultimately leading up to the “ Sonderbund ”

war in Switzerland in 1847.

See (published by theCantonal Historical Society), Aarau*

from 1860.

—

Beonneb. Der Ka7Vtm Aargau, 2 vols. St Gall and

Bern, 1844.—Meez. I>he Eeehtsqucllen d, Kant Aargau, 2 vols.

as yet. Aarau, 1898 and 1900.—JMullee. D^r Aargau, 2 vois.

Zurich, 1870.

AsirhUSy a seaport and bishop^s see of Denmark,

co. Aarhus, on the E. coast of Jutland, 68 miles by rail

N. by E. from Predericia ;
the second largest town of the

kingdom and the principal port of Jutland. There are

two new churches—St Paulas (1885-86) and a Roman
S. I — I
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Cdth<^lic churcli (1S78-81)—a library

(1899). A new harbour basin was made in

tlie ]iort -was entered by 271 i vessels of 476,439 tons,

and cleared by 2710 of 476,380 torts

;

cultural iiroduce (bacon, butter, eggs), coal (16^,350 tons),

iron, and manurl Pop. 24,831 (1880); 33,306 (1890);

43,000 (official estimate, 1898).

Aasen, Ivar(181 3-1896 ), Norwegianpbilologist and

lexicocrapher, was born at Aasen i Orsten, in Sondmore,

Xorway, on the 5th of August 1813. His father, a small

peasant-fanner named Ivar Jonsson, died in 1826._ He 'sras

brought up to formwork, but he assiduously cultivated all

his Icibure in rending, and when he was eighteen he opened

an elementary school in his native parish. In 1833 he

entered the household of H. C. Thoresen, the husband of

the eminent writer Magdalene Thoresen, in Hero, and here

he picked up the elements of Latin. Gradually, and by

dint of infinite patience and concentration, the young

peasant became master of many languages, and began the

scientific study of their structure. About 1841 he had

freed himself from all the burden of manual labour, and

could occupy his thoughts with the dialect of his native

district, the Sondmore ;
his first publication was a small

collection of folk-songs in the Sondmore language, 1843.

His remarkable abilities now attracted general attention,

and he w’as helped to continue his studies undisturbed.

His Grammar of the Korwegian Dialects^ 1848, was the

result of much labour, and of journeys taken to every part of

the country. Aasen’s famous Dictionary of the Norwegian

Dialects appeared in its original form in 1850, and from

this publication dates all the wide cultivation of the

popular language in Norwegian, since Aasen really did no

less than construct, out of the different materials at his

disposal, a popular language or definite folhe-maal for

Norway. With certain modifications, the most important

of which were introduced later by Aasen himself, this

artificial language is that which has been adopted ever

since by those who write in dialect, and which fanatics

to-day (1901) are once more endeavouring to foist upon

Norway as her official language in the place of Dano-

Norwegian, Aasen composed poems and plays in the

composite dialect to show how it should be used
;
one of

these dramas, The Heir (1855), was frequently acted, and
may be considered as the pioneer of all the abundant
dialect-literature of the last half-century, from Vinje down
to Garborg. Aasen continued to enlarge and improve his

grammars and his dictionary. He lived very quietly in

lodgings in Christiania, surrounded by his books and
shrinking from publicity, but his name grew into wide
political favour as his ideas about the language of the

l)easants became more and more the watchword of the

popular party. Quite early in his career, 1842, he had
begun to receive a stipend to enable him to give his

entire attention to his philological investigations ; and the
Storthing—conscious of the national importance of his

work—treated him in this respect with more and more
^nerosity as he advanced in years. He continued his
investigations to the last, but it may be said that, after the
1873 edition of his Dictiomiry, he added but little to his
stores. Ivar Aasen holds perhaps an isolated place in
literary history as the one man who has invented, or at
least selected and constructed, a language which has
)>ieased so many thousands of his countrymen that they
have accepted it for their schools, their sermons, and
their songs. He died in Christiania on the 23rd of
September 1896, and was buried with public honours.

.
(e- G-)

Ab^deh, a small walled town in the province of
Ears m Persia, situated at an elevation of 6200 feet in a

fertile plain on the high road between Isfahan and Shiraz,

140 miles from the former and 170 miles from the latter

place. It has a population of about 4000, is the chief

place of a district with the same name, has a telegraph and

post office, and is famed for its beautifully-carved sherbet

spoons and boxes, which are made from the wood of pear

and box-trees.

Abai, lake. See Abyssinia.

Abai, river- See Abyssinia.

Abakan, Abakansk. See Minusinsk.

Abanah, or Amanah (H.V. Abdria, classical Ghry-

sorrhoas, modern Baradd), one of the “rivers of Damas-

cus,” which rises in the heart of Anti-Lebanon. As the

river escapes from the mountains, through a narrow gorge,

its waters spread out fan-like, in canals or “rivers,” to

irrigate the plain and supply Damascus. The name of

one “river,” Nahr B4ni4s, retains a trace of Abanah;

and, in the Arabic translation of O.T., that of another,

Nahr Taiira, takes the place of Pharpar, which is identified

by some authorities with the Nahr el-‘Awaj.

Abattoir*. See Slaughter-houses.

Abbadie, Antoine Thomson d’ (1810-

1897), and Amaud Michei d’ (1815-1893), two

brothers notable for their travels in Abyssinia during tbe

first half of the 19th century. They were both born in

Dublin, of a French father and an Irish mother, the former

in 1810 and the latter in 1815. The parents removed to

France in 1818, and there the brothers received a careful

scientific education. In 1835 the French Academy sent

Antoine on a scientific mission to Brazil, the results of which

were published at a later date (1873) under the title

of Observations relatives a la johysigue dn globe faites au
Bresil et en J^thiopie. The younger spent some time in

Algeria before, in 1837, the two brothers started for

Abyssinia, landing at Massawa in February 1838. They
visited various parts of Abyssinia, sometimes together, and
sometimes separately; not only the fairly well-known
northern and central districts, but also the then little-

known districts of Ennarea and Kaffa. They met with
many difficulties and many adventures, and became in-

volved in political intrigues, Antoine especially exercising

such influence as he possessed in favour of France
and the Eoman Catholic missionaries. After collecting

much valuable information concerning the geography,
geology, archaeology, and natural history of Abyssinia,
the brothers returned to France in 1848 and began to

prepare their materials for publication. The younger
brother, Arnaud, paid another visit to Abyssinia in 1853.
The more distinguished brother, Antoine, became involved
in various controversies relating both to his geographical
results and his political intrigues. He was especially

attacked by Dr Beke, who impugned his veracity,

especially with reference to the journey to Kaffa. But
time and the investigations of subsequent explorers have
shown that Abbadie was quite trustworthy. The topo-
graphical results of his explorations were published in
Paris in 1860-73 in Geodisie d^Bthiopie, full of the most
valuable information and illustrated by ten maps. Of
the Gk)graphie de VEthiopie (Paris, 1890) only one
volume has been published. In XJn catalogue raisonrte
de rnanusmts Bthiopiens (Paris, 1859) is a description of
234 Ethiopian manuscripts collected by Antoine. He
also compiled various vocabularies, including a Diction-
naive d^ la la/ngue arnarirma (Paris, 1881), and prepared
an edition of the Bastor of Hermes^ with the Latin version,
in 1860. He published numerous papers dealing with
the geography of Abyssinia, Ethiopian coins, and ancient in-
scriptions. Tinder the title of B^oTt/naisso/nces HagriMiques^
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lie published in 1890 an account of the magnetic observa-
tions made by him in the course of several journeys to
the Eed Sea and the Levant. The general account of the
travels of the two brothers was published by Arnaud in
1868 under the title of Douze am dam la Haute- Ethiopie,
Both brothers received the grand medal of the Paris
Geographical Society in 1850. Antoine was a Knight of
the Legion of Honour and a member of the Academy of

Sciences. He died in 1897, and, subject to the life-

interest of his wife, bequeathed an estate in the Pyrenees,
yielding 40,000 francs a year, to the Academy of Sciences,

on condition of its producing within fifty years a catalogue
of half-a-million stars. His brother Arnaud died in

1893. (j. s. K.)

Abbas ll.y Khedive of Egypt.

—

Abbas Helmi
Pasha, born in 1874, succeeded his father, Tewiik Pasha,
as Khedive of Egypt in 189:2. He was barely of age
according to the Turkish law, which fixes majority at

eighteen in cases of succession to the throne. He
came straight from his college at Vienna to Cairo, where
his accession was celebrated with great pomp, and the

firman from the Sultan confirming him in all the powers
and privileges and territorial rights which his father

enjoyed was read from the steps of the Palace in Abdin
Square. He is the great-great-grandson of Mehemet
Ali, the founder of the present Egyptian dynasty. When
quite a boy he visited England, and did not see it again
until he paid a viceregal visit in 1899. He had an
English tutor for some time in Cairo, and then went to

school in Lausanne, and from there he passed on to the

Theresianum in Vienna, whence he was called to the

throne by the premature and sudden death of his father.

Turkish is his mother tongue, but he talks Arabic with
great fluency and speaks English, French, and German
very well. For some time he did not co-operate very

cordially with Great Britain. He was young and eager

to exercise his new power. His throne and life had
not been saved for him by the British, as was the case

with his father. He was surrounded by intriguers who
were playing a game of their own, and for some time he
appeared almost disposed to be as reactionary as his great-

uncle, Abbas I. But in process of time he learnt to

understand the importance of British counsels. During

his visit to England in 1899 he frankly acknowledged

the great good the British had done in Egypt, and
declared himselE ready to follow their advice and
to co-operate with the British officials administering

Egyptian affairs. The establishment of a sound system

of native justice, the great remission of taxation, the

reconquest of the Soudan, the inauguration of the

stupendous irrigation works at Assouan, the increase of

cheap, sound education, have each received his approval

and all the assistance he could give. The waters of

oblivion cover the quarrel, based on unfounded accusa-

tions, which he chose to have with Sir H. (afterwards

Lord) Kitchener when that general was Commander-in-

Chief of the Egyptian army
3
and no one more than the

Khedive rejoiced over the battle of Omdurman. Agri-

culture and all the interests of farming are dearer to

the heart of the Khedive than statecraft. At Koubah,

near Cairo, he has a farm of cattle and horses that

would do credit to any agricultural show in England, and

at Montaza, near Alexandria, he has a similar establish-

ment. He rides well, drives well, rises early, neither

smokes nor drinks. The Vice-Reine or Khediviah, his

wife, has given him first a daughter and then a son, and

the latter is the heir to the throne.

Abba.S-TunnStll9
a spa situated in Caucasia,

government of Tiflis, on a mountain road of Akhaltsykh,
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50 miles from the Borzhoni lailway station, \ery pic-

turesquely situated at an altitude ot 4413 tect. It has <i

high-level astronomical observatory.

Abbazi^ a popular summer and winter resort on
the Gulf of Fiume, in the Austrian province ot Istria, in

sheltered situation at the foot of the Alonte !Maggiore.

The average temperatui'e is 77° in summer and 50° in

winter. The old abbey, from which the place derives its

name, has been converted into a villa. Local population

(1890), 1192; (1900), 2343.

Abbeviilei chief town of arrondissement, in the
department of Somme, France, 28 miles N.W. of Amiens,
on railway from Paris to Boulogne and Calais. It is a
veiy important industrial centre

;
and, in addition to its

old-established textile productions, hemp-spinning, sugar
manufacture, and ship-building arc among the industries,

and there is active commerce in grain and textile fabrics.

Population (1881), 18,065; (1891), 18,022; (1896),
19,669.

Abbia.teg'ra.SSO, a town of Lombardy, prov.

Milan, Italy, 17 miles S.W. from Milan on the Bere-

guardo Canal. It is the seat of one of the new commercial
courts of arbitration of the prov. of Milan. Poj>ulatioii,

7025 (1881); 12,184 (1901).

Abbot| Ezrd. (1819-1884), American biblical

scholar, -was born in Jackson, Maine, 28th AiJiil 1819.

He giaduated at Bowdoin College in 1 840 ;
was appointed

assistant librarian of Harvard University in 1856
;
and in

1872 became professor of New Testament criticism and
interpretation in the divinity school of the same institu-

tion. For some time previously Ms studies had been
chiefly in Oriental languages and the textual criticism of

the New Testament, though his work as a bibliographer

had shown such results as the exhaustive list of writings

(5300 in all) on the doctrine of the Future Life, appended
to W. E. Alger’s work on that subject. His publications,

though always of the most thorough and most scholarly

character, were to a large extent dispersed in the pages of

reviews, dictionaries, concordances, texts edited by others,

Unitarian controversial treatises, Ac. ;
but he took a more

conspicuous and more personal part in the pre]jaratioii (with

the Baptist scholar Horatio B. Hackett) of the enlarged

American edition of Dr (afterwards Sii‘) William Smith s

Diciumary of the Bible (1867-70), and was an efficient

member of the American revision committee employed in

connexion with the Revised Version (1881-85) of the King
James Bible. His principal single production, represent-

ing Ms scholarly method and conservative conclusions, was
The Authorship of the Fourth Gospel ; Exter^ial Evidences

(1880; second edition, with other essays, 1888), deemed
by Dr Philip Schaft* and other scholars the ablest defence,

based on external evidence, of the Johannean authorship.

Abbot, though a layman, received the degree of D.D.

from Harvard in 1872. He died in Cambridge, Massa-

chusetts, 21st March 1884.

Abbott, Edwin Abbott, D.D. (1838 ),

English theological 'wHter, educationalist, and scholar, for-

merly headmaster of the City of London school, son

of the late Edwin Abbott, headmaster of the pMlological

school, Marylebone, was born 20th December 1838. He
was educated at the City of London school and at Cam-
bridge, where he took the Mghest honours in the classical,

mathematical, and theological triposes (senior classic,

Chancellor’s medallist, and senior optime, 1861; 1st cl.

Theology, 1862), and became fellow of his College (St

John’s). In 1862 he was ordamed, taking priest’s orders

in 1863. After holding masterships at King Edward's

School, Birmingham, and at Clifton College, he succeeded
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Dr iMortinuT as headmaster of the City of London school

in i8Go at the unusually early age of twenty-six, and more

than maintained the high character which the school had

<i] stained under his predecessor. He retired in 1889, and

has since devoted himself to literary and theological iiur-

suits. Dr Abbott's liberal inclinations in theology have

been prominent l)oth in his educational views and in his

books. He has written several works on grammar, both

English and Latin, and is the author of a life of Bacon (1885)

and of an investigation of his relations with Essex (1877),

Of his theological UTitings (which include some that have

been published anon;>miously) the best knovni are his

religious nmiances

—

FhUochristu^ (1878) and Onedmm
(1882), The Ktrnel and the Hmh (1886), Philomythm
(ltN91), his criticism on Cardinal Newman as an Anglican

(1892), and his article on “The Gospels'' in the ninth

edition of the Emycloj^cBdia Britannica.

Abbott, Jacob (1803-1879), a popular American
^^Titer of books for the young, was born in Hallowed, Maine,
on the 14th of November 1803, He graduated at Bowdoin
College at the age of seventeen

;
studied at Andover Theo-

logical Seminary; became a congregational minister; was
for a brief period profe&sor of mathematics and physics in
Amherst College

;
and afterwards taught in schools at New

York and Farmington, Maine, though devoting himself
chiefly to the writing of juvenile stories, brief histories and
biographies, orreligious booksforthe generalreader, together
%vith a few works in popular science. His “Rollo Books ”

—

Riilli) lit Worh^ JRoUo at Flay, Hollo in Ewrope, &c.—^are

the best known of his VTitings, having as their chief
characters a representative boy and his associates. In
them Abbott did for one or two generations of young
American readers a service not unlike that performed
earlier, in England and America, by the authors of Even-
ings^ at Home, ^iandfwd and Merton, and the Farenfs
Assistant. Of his other writings—^he produced more than
two hundred volumes in all—the best are the Franconia
Stories, a long series of biographical histories (with his
brother John S. C. Abbott), and The Young Christian.
Their merits are interestingness and clearness of state-
ment; their faults a prevalent didacticism, and, in the
histories, a superficial treatment of authorities, perhaps
necessitated by the great range of ground covered by
the author. He died at Farmington on the 31st of
October 1879.

Abbott, John Stevens Cabot (1805-1877),
^enoan wnter, bom in Brunswick, 18th
September 1805. He was a brother of Jacob Abbott
ana was associate with him in the preparation of his
&erm of brief historical biographies, but is best known
as the author of a partisan and nnscholarly, but widely

and very readable, Ifisfory of Fapolem BonaparL
(Ibu.)), in which the various elements and episodes in
JSapoleons career are treated with some skill in arranee-

unfailing adulation. Like Hs brother.Dr Abbott w:m_ a graduate of Bowdoin College, a con-
gregational midster, a teacher, and a voluminous writer
ofbrote on Christian ethics, &c., though he never attempted

fictitious stery for chfldren. He died at Bair Ha^n.
Conn., on the 17th of June 1877.

^

Abbottabad, a town of British India 4166 feet
alwve sea -level, 63 miles from Eawal Pindi’ the head
quaiters of the Hazara district in the Pun?b, cauJdS;

‘If
James Abbott, who settled this wilddistnct after the annexation of the Punjab. It is anm^rtant military cantonment, with two native in-toty regiments and a mountain battery; and the

headquarters of the Punjab frontier forTe. HeaiS?

railway station, Hasan Abdul (44 miles). Popula-
tion, about 10,000. Municipal income (1896-97),
Rs.13,588.

Abd-ei-Kader (1807-1883), Emik of Mascaka,
the most prominent representative of Mussulman resist-

ance to French conquest in Algeria, was born at Mascara,
an Arab town between 40 and 50 miles south-east of
Oran, in 1807. His family was of princely rank, and
he received the best education attainable, especially in
Mahommedan divinity and philosophy. Two incidents
of Ms youth had great influence upon his career,—his
pilgrimage to Mecca, which stimulated his natural tendency
to religious enthusiasm, and a visit to Egypt, where the
reforms of Mehemet Ali opened his eyes to the importance
of European culture. He was thus doubly prepared for
the part he was called upon to perform on the French
conquest of Algiers in 1830. Becoming emir of Mascara
by the renunciation of his father, he carried on war with
the French until 1834, when jieace was concluded

;
but

Abd-el-Kader's endeavours to reorganize his principality
on a European model excited the jealousy of the French,
and war again broke out in the following year. Mascara
was taken in October 1835, but the contest on the whole
was unfavourable to the French, and peace was eventually
made in 1837, on terms highly honourable to Abd-el-
Kader. He nevertheless imprudently recommenced the
struggle in 1839, and although his capital was again
taken in 1841, protracted it until 1844, when he was com-
pelled to seek refuge in Morocco. The French under
Marshal Bugeaud crossed the frontier, and in June entirely
defeated the Moorish army at Isly, thus virtually endino-
the Arab revolt. The sultan, though compelled to make
peace, continued to give Abd-el-Kader an asylum as long
as possible; but early in 1847 the latter re-entered
Algeria, and was made prisoner. In violation, as alleged,
of the terms of surrender, he was detained a captive in
France until 1852, when he was released by Louis
Napoleon. He resided successively at Broussa and at
Damascus, where in 1860 he rendered such service in
repressing an outbreak against tbe Christians that he
received the insignia of the Legion of Honour. In his
Mter years he devoted himself anew to theology and
philosophy, and composed a philosophical treatise which
tos been translated into French. He died at Damascus
26th May 1883. Abd-el-Kader was an example of all the
bnght, and few or none of the less prepossessing, traits of
tbe Arab national character. q ^

Abdul-Aziz, Sultan of Turkey (1830-1876)

^ second son of the great TurHsh reformer Sultan
Mahmoud,

_

was bom 9th February 1830. During therei^ of lus brother Abdul-Medjid he lived in complete
retirement, but upon his accession to the throne (25thJune lo61) he manifested a reforming spirit and a
^position to econoime in personal expenses, and to
bring the administration into harmony with the ideas of

Unfortunately, his extravagant outlayon the army greatly overbalanced the economies effectedekewhere and years of ruinous loan-raising culminated innaW b^ptcy in 1875. Before this event the^tan 8 i^d had been almost entirely given to a proiect

^ pursuit of thisobject he IM thrown himself into the arms of Kussia
combined with Russian preponderance

SS iutolerahle; a movement insti-
Prtecipal pashas compeUed his abdicationon 30th May 1876, and on ith Jime he was stated tnImve committed suicide. Abdul-Aziz wS T ll^t andobstinate man, of great and not always ill-directed energy,
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but of narrow intellect, and was probably not entirely
sane during the last years of his life.

Abdul AziZ| Sultan op Morocco, is the son of
Sultan Mulai-Hassan. He was born about 1881, and suc-

ceeded to the throne on the death of his father, 7th June
1894, being proclaimed sultan in the Sherifian Camp on
the 1 1th of the same month. In the following October he
received the British mission, under Sir Ernest Satow, with
the utmost cordiality at Fez, and a convention was signed in

April 1895. The sultan has proved constant in his friend-

ship to Great Britain, and welcomed Sir Arthur Nicholson,

the British minister, in 1896. In the following year he
made a vigorous campaign against the Riffians and others

of his disaffected subjects, and overthrew them completely

at Tadla, in October 1897.

Abdul -Hamid II., Sultan op Turkey, is

the second son of Sultan Abdul-Medjid, who reigned

from 1839 to 1861. He was born 22nd September 1842,

and succeeded on 31st August 1876, on the deposition of

his brother Murad on the ground of insanity. His posi-

tion at the time was very difficult, and he feigned sym-

pathy at first with the policy of reform advocated by
progressive officials such as Midhat Pasha. The revolt

of the Christian subjects of the Porte in European Turkey,

and the barbarous methods adopted to quench Bulgarian

disaffection, equally played into the hands of Russia
;
and

though, during the Russo-Turkish war (1877-78), the mili-

tary virtues of the Turkish soldier and the gallant defence

of Plevna restored a large measure of sympathy to Turkey,

the treaties of San Stefano and of Berlin marked a further

stage in the dismemberment of the Ottoman empire. As
soon as the war was over, Abdul Hamid began to apply

himself, with equal dexterity and persistency, to two great

objects, viz., the substitution of his own personal authority

for that of the great bureaucracy which had ruled Turkey

under his immediate predecessors from the Sublime Porte,

and the extension of his iofiuence as spiritual sovereign

or EaPf in compensation for the loss of temporal power

inflicted upon the sultanate. To establish his autocracy

he did not shrink from sacrificing all the ablest men in

his empire. His external policy was scarcely less success-

ful and less unscrupulous. His dexterous diplomacy

played off one great Power against another, and enabled

him even to escape the storm which threatened at one

moment to overwhelm him, when public opinion in Europe,

and especially in England, reahzed the horror of the

Armenian massacres in 1896. Russia secretly, and Ger-

many openly, discountenanced Lord Salisbury's efforts to

secure the united action of Europe, and the Cretan insur-

rection soon diverted the attention of diplomacy to another

quarter. The successful war with Greece in 1897 did much
to revive Turkish military prestige ;

and the practical loss

of Crete, although evincing the decay into which the

Turkish navy had been allowed to fall, rather increased than

diminished the strength of the empire* Perhaps the most

important feature in Abdul-Hamid’s later policy has been

the disposition shown to rely upon Germany, and to grant

that Power special privileges in Asia Minor.

For a fuller acooimt of Ms reign, see Turkey, Armenia, Crete,

Bulgaria, &c.

Abdullah Khalifa (Saybd Abdullah Ibu-

Sayed Mohammed), (1846-1899), successor of the Mahdi

Mohammed Ahmed, was born in 1846 in the south-western

portion of Darfur, and belonged to the Taaisha section of the

Baggaras or cattle-owning Arabs. His father, Mohammed
et Tabis, had determined to emigrate to Mecca with his

family
;
but the unsettled state of the country long pre-

vented him, and he died in Africa after advising his eldest

son, Abdullah, to take refuge with some religious sheikh on
the Nile, and to proceed to Mecca on a favourable oppor-

tunity. Abdullah, who had already had much connexion
with slave-hunters, and had fought against the Egyptian
conquest of Darfur, departed for the Nile valley with
this purpose

;
hut, hearing on the way of the disputes of

^[ohammed Ahmed, who had not yet claimed a sacred

character, with the Egyptian officials, he went to him in

spite of gi'eat difficulties, and, according to his own state-

ment, at once recognized in him the Mahdi (‘‘Director^')

divinely appointed to regenerate Islam in the latter days.

His advice to Mohammed to stir up revolt in Darfur
and Kordofan being justified by the result, he became
his most trusted counsellor, and was soon declared khalifa

or vicegerent of the Mahdi, all of whose acts were to

be regarded as the Mahdi’s own. The Mahdi on his

deathbed (1885) solemnly named him his successor
;
and

for many years Abdullah, though to European ideas a

monster of cruelty, injustice, and hypocrisy, ruled suc-

cessfully over the Sudan, with little opposition from

within, and extending his sway over neighbouiing dis-

tricts. Khartum was deserted % his orders, and Omdur-
man, at first intended as a temporary camp, was made
his capital. At length the firogress of Sir H. (after-

wards Lord) Kitchener’s expedition compelled him to give

battle to the Anglo-Egyptian forces near Omdurman,
where on 2nd September 1898 his army, fighting with

desperate courage, was almost annihilated. He fled to

the north, but W’ant of provisions in the following year

compelled him to venture too near the army of Sir

Francis Wingate, by whom, at the end of November
1899, he was overtaken and slain at the battle of

Om Debrihat. He met death with great fortitude, re-

fusing to fly, and his principal emirs voluntarily perished

with him. (r. u.)

Abdurrahman Khan, Amir of Kabul
(Afghanistan), {cii'ca 1844-1901), was the son of Aizul

Khan, who was the eldest son of Dost Mahommed Khan,

the famous Amir, by whose success in war the Barak-

zaie family estabhshed their dynasty in the rulership

of Afghanistan. Before his death at Herat, 9th June

1863, Dost Mahommed had nominated as his successor

Sher Ali, his third son, passing over the two elder

brothers, Afzul Khan and Azim Khan
;

and at first

the new Amir was quietly recognized. But after a few

months Afzul Khan raised an insurrection in the northern

province, between the Hindu Kiish mountains and the

Oxus, where he had been governing when his father

died; and then began a fierce contest for power among
the sons of Dost Mahommed, which lasted for nearly

five years. In this war, which resembles in character,

and in its striking vicissitudes, the English War of

the Roses at the end of the 15th century, Abdurrahman
soon became distinguished for ability and daring energy.

Although his father, Afzul Khan, who had none of these

qualities, came to terms with the Amir Sher Ali, the son’s

behaviour in the northern province soon excited the Amir s

suspicion, and Abdurrahman, wffien he was summoned to

Kabul, fled across the Oxus into Bokhara. Sher Ali

threw Afzul Khan into prison, and a serious revolt fol-

lowed in South Afghanistan ;
but the Amir had scarcely

suppressed it by winning a desperate battle, when Abdur-

rahman’s reappearance in the north was a signal for a

mutiny of the troops stationed in those parts, and a

gathering of armed bands to his standard. After some

delay and desultory fighting, he and his uncle, Azim
Eihan, occupied Kabul (March 1866). The Amir Sher

Ali marched up against them from Kandahar ;
but in the

battle that ensued at Shekhabad on 10th May he was
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rkM^rtod liV .i large l»oJy of liis troops, and after Ms
signal <lL‘feat Abdurrahman released his father, Afzul

Khiri, from }>rkon in Ghazni, and installed him upon the

tiuoue a> Amh* of Afghanistan. Notwithstanding the new

AmIrV iiKMpaeity, and some jealousy between the real

leaders, A])dmTtihinan and his uncle, they again routed

Sik*r xVlds fui<‘es, and occupied Kandahar in 1867 ;
and

'when at the end of that year Afzul Khan died, Azim
Khiu succeeded to the rulership, with Abdurrahman as

h s governor in the northern province. But towards the

end "of ISOS jsher Ali’s return, and a general rising in his

fa\oiii*, resulting in their defeat at Tinah Khan on January

A I'sdh, forced them both to seek refuge in Persia, whence

Abdiirrahiiun proceeded afterwards to place himself under

Ku^^ian protection at Samarldiand. Azim died in Persia

in October 1^09.

This brief account of the conspicuous part taken by
Abilurrahman in an eventful war, at the beginning of

which he was not more than twenty years old, has been

given to show the rough school that brought out his quali-

ties of resource and fortitude, and the political caj^acity

needed for rulership in Afghanistan. He lived in exile

for eleven years, until on the death, in 1879, of Sher
All, who had retired from Kabul when the British armies
entered Afghanistan, the Euasian Governor- General at

Tii-^hkend sent for Abdurrahman, and pressed him to try

his fortunes once more across the Oxus. In March 1880
a report reached India that he was in northern Afghan-
istxn; and the Governor- General, Lord Lytton, opened
coHiiniinications with him to the effect that the British
Government were prepared to withdraw their troops, and to
recognize Abdurrahman as Amir of Afghanistan, with the
exception of Kandahar and some districts adjacent. After
some negotiations, an interview took place between him
and Mr (afterwards Sir) Lepel Griffin, the diplomatic repre-
sentative atKabul of theIndian Government,who described
Abdurrahman as a man of middle height, with an exceed-
ingly intelligent face, and frank and courteous manners,

!

slirewd and able in conversation on the business in hand. ^

At the durbar on 22nd July 188Q, Abdurrahman was
otficialiy recognized as Amir, granted assistance in arms
and money, and promised, in case of unprovoked foreign
aggression, such further aid as might be necessary to repel
it, provided that he followed British advice in regard to
his external relations. The evacuation of Afghanistan
was settled on the terms proposed, and in 1881 the
British troops also made over Kandahar to the new Amir

jbut Ayub Khan, one of Sher Ali's sons, marched upon
that city from Herat, defeated Abdurrahman’s troops, and
cwcupied the place in July. This serious reverse roused
we Amir, who had not at first displayed much activity
He ed a force from Kabul, met Ayub’s army close to
Kandahar, and the complete victory which he there
won forced Ayub Khan to fly into Persia. From that
time Abdurrahman was fairly seated on the throne
at Kabul, and in the

_

course of the next few years
he consolidated his dominion over all Afghanistan sup-
pressing insurrections by a sharp and relentless use ofMs despotic authority. Against the severity of Ms
inea^nrp the powerful GMlzaie tribe revolted, and were
crushed by the end of 1887. In that year Ayub Khannude a fruitless inroad from Persia; and in 1888 theAmirs cousin, Ishak Khan, rebelled against Mm in the
^

r
enterprises came to noliing.

In 188o, at the moment when (see Apohanistan) theAimr was in conference with the British Viceroy, LordDufenn, m India^ the news came of a collision Ween

^ north-western froii4r of I

AfglMwustaa. Abdurrahman’s attitude at this critical I

juncture is a good example of Ms political sagacity. To
one who had been a man of war from his youth up, who
had won and lost many fights, the rout of a detachment

and the forcible seizure of some debateable frontier land-^

was an untoward incident
;
but it was no sufficient reason

for calling upon the British, although they had guaran-

teed his territory’s integrity, to vindicate his rights by
hostilities which would certainly bring upon him a

Eussian invasion from the north, and would compel his

British allies to throw an army into Afghanistan from
the south-east. His interest lay in keeping powerful
neighbours, whether friends or foes, outside his kingdom.
He knew this to be the only policy that would be sup-

ported by the Afghan nation
; and although for some

time a rupture with Eussia seemed imminent, while the
Indian Government made ready for that contingency, tlie

Amir’s reserved and circumspect tone in the consultations
with Mm helped to turn the balance between peace and
war, and substantially conduced towards a pacific solution.

Abdurrahman left on those who met him in India the
impression of a clear-headed man of action, with great
self-reliance and hardihood, not without indications of
the implacable severity that has too often marked his
administration. His investment with the insignia of the
highest grade of the Order of the Star of India appeared
to give him much pleasure.

From the end of 1888 the Amir passed eighteen months
in Ms northern provinces bordering upon the Oxus, where
he was engaged in pacifying the country that had been
disturbed by revolts, and in punishing with a heavy hand
all who were known or suspected to have taken any i)art
in rebellion. Shortly afterwards (1892) he succeeded in
finally beating down the resistance of the HazM*a tribe, who
vainly attempted to defend their immemorial indeijendence,
within their highlands, of the central authority at Kabul

In 1893 Sir Henry Durand was deputed to Kabul ])y
the Government of India for the purpose of settling an
exchange of territory required by the demarcation of the
boundary between north-eastern Afghanistan and the
Eussian possessions, and in order to discuss with the
Amir other pending questions. The Amir showed his
^ual ability in diplomatic argument, his tenacity whore
his own views or claims were in debate, with a sure under-
lying insight into the real situation. The territorial
exchanges -were amicably agreed upon; the relations
between the Indian and Afghan Governments, as previ-
ously arranged, were confirmed; and an understandincr
was reached upon the important and difficult subject of

T 1

0

*?*^ ^fglianistan on the east, towards India,
in 1895 the Amir found himself unable, by reason of ill-
healt^ to accept an invitation from Queen Victoria to
^sit England

; but Ms second son NasruEa Khan went in
his stead.

Abdma^n died on tbe 1st October 1901, beingm^eeded by his son HabibuUa. He hari defeated all
enterprises by rivals against his throne; he had broken

refractoryXf bis orders were irresistible throughout thewhole dominion. His government was a military despotism

toough officials absolutely subservient to an inflexibleTOl^ and controlled by a widespread system of espionage

Xf # Sf*
^ unnecessary cruelty. He held open

for a. rocaipt d [Wittmers md a.
maetatigable. He succeeded in imposing an orvamVpHgoverment upon the fiercest and most Unruly popularion m Asia; he availed himself of EurSn^°i
1 ns for strengthening his armament, while he sternly set
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his face against all innovations which, like railways and
telegraphs, might give Europeans a foothold within his

country. His adventurous life, his forcible character, the

Ijosition of his State as a barrier between the Indian and
the Russian empires, and the skill with which he held the
balance in dealing with them, combined to make him a
prominent figure in contemporary Asiatic politics, and will

mark his reign as an epoch in the history of Afghanistan.
The Amir received an annual subsidy from the British

Government of 18-^ lakhs of rupees. He was allowed to

import munitions of war. In 1896 he adopted the title

of Zia-ul-Millat-ud-Din (Light of the nation and religion)

;

and his zeal for the cause of Islam induced him to publish

treatises on Jehad. His eldest son Habibulla Khan, with
his brother Nasrulla Khan, was born at Samarkhand.
His youngest son, Mahommed Umar Jan, was born in 1889
of an Afghan mother, connected by descent with the

Barakzaie family.

See also S. Wheeleh, F.R.G.S. The Amir AMur Itahman,
London, 1895 .—The Life ofAMur Rahman^ Aonir of Afghanistan,

G.C. S.Lj edited by Mir Mijnshi, Sultaic Mahomwed Khax.
2 vols., London, 1900. Also the article Afghanistan, (a. c. L.)

Abel, Sir Frederick Augustus, Bart.

(1827 ), English chemist, was born in London,
17th July 1827. Determining to adopt chemistry as his

profession, he was one of the first students to enter the

Royal College of Chemistry, which was established in

184:5 under the direction of the distinguished German
chemist, von Hofmann. After remaining there for six

years, during five of which he acted as one of Hofmann’s
assistants, he became Professor of Chemistry at the Royal

Military Academy in 1851, and three years later was
appointed Chemist to the War Department and Chemical

Referee to the Government. During his tenure of this

office, which lasted until 1888, he carried out a large

amount of work in connexion with the chemistry of

explosives, one of the most important of his investigations

having to do wdth the manufacture of gun-cotton. Con-

tinuing and supplementing the work of Lenk in Austria,

he devised a process which enabled it to be prepared with

practically no danger, and which at the same time yielded

the product in a form that increased its usefulness. This

consisted essentially in reducing the cotton, after nitration,

to fine pulp. A double advantage was thereby gained;

the material could be more certainly washed free from

every trace of the acid which, if not removed, renders it

liable to spontaneous combustion, while control over the

rate of explosion, which is largely a question of mechanical

condition, could be gained by hydrauhc compression of the

pulp into masses of whatever size and shape might be

found desirable. These improvements in the manufacture

of gun-cotton contributed in an important degree to the

preparation of the smokeless powders, which in the latter

part of the 19th century came into general use for mili-

tary purposes all over the world. Cordite, the particular

form adopted by the British Government, was the joint

invention of Abel and Professor Dewar, who, with Dr

Dupre, constituted the special Committee on Explosives

which sat from 1888 to 1891 to select a smokeless powder

for the British army and navy. For his services as

chairman of this committee Abel was made a K.C-B.

Our knowledge of the explosion of ordinary black powder

was also greatly added to by him, and in conjunction with

Sir A. Noble he carried out one of the most complete

inquiries on record into its behaviour when fired. The

invention of the apparatus, legalized in 1879, for the

determination of the flash-point of petroleum, was another

piece of work which fell to him by virtue of his official

position. His first instrument, the open-test apparatus,

was prescribed by the Act of 1868, but, being found to

possess certain defects, it was superseded in 1879 by the

Abel close- test instrument. The earlier Act imposed

restrictions on the storage of petroleum having a flash-

point below 100® F., as ascertained by the open-test

instrument, and by the second one it was intended to

maintain the same standard. It therefore became necessary

to ascertain the relation between the two tests, and for this

purpose Abel superintended a long series of experiments,

which showed that, on the average, oil which flashed at

100® open-test flashed at only 73® close-test. The latter

figure was therefore legalized as the equivalent of the

former under the new conditions. Abel’s researches were

not confined to chemistry. In electricity he studied the

construction of electrical fuzes and other applications of

that form of energy to warlike purposes, and in 1877

he served as president of the Institution of Electrical

Engineers (then the Society of Telegraph Engineers).

Problems of steel manufacture also engaged his attention,

and in 1891-93 he was president of the Iron and Steel

Institute, whose Bessemer medal he was awarded in 1897.

Of the Royal Society he became a member in 1860,

receiving a Royal medal in 1887. He took an important

part in the work of the Inventions Exhibition in 1885,

and in 1887 became organizing secretary and first director

of the Imperial Institute. Among the books he has

published are Handbook of Chemistry (with Bloxam),

Modern History of Gunpowder (1866), Gun-cotton (1866),

On Explosive Agents (1872), Researches in Explosives

(1875), and Electricity applied to Explosive Purposes

(1884). He also wrote several important articles in the

ninth edition of the Encyclopaedia Britannica,

Abeokuta. See Lagos.

Aber*a.VOn, a municipal and contributory parlia-

mentary borough and railway station of Glamorganshire,

Wales, near the mouth of the Avon, 11 miles E.S.E. of

Swansea. It belongs to the Swansea parliamentary dis-

I

trict of boroughs. The port of Aberavon is Port Talbot,

I

where there is a dock over a mile long, and from 240 to

900 feet wide. Area of municipal borough, 2060 acres.

Population in 1881, 4859; in 1891, 6300; in 1901,

7553.

Aberoarn, a large village in the southern parlia-

mentary division of Monmouthshire, England, 10 miles

N.W. from Newport by rail. There are collieries and

ironworks in the district. The urban district includes

part of the civil parish of Mynyddyslwyr ; area, 9504 acres
;

population in 1881, 5964; in 1891, 10,464; in 1900,

12,607.

Aberconway. See Conway.

AbardarCi a market-town and railway station of

Glamorganshire, Wales, 4 miles S.W. of Merthyr Tydfil,

of which parliamentary borough it forms part. The town

has continued to advance rapidly both in numbers and in

general prosperity. The new erections include Established

and Presbyterian churches, an infectious diseases hospital,

a cottage hospital, a theatre, a memorial hall, a theological

college, and a technical and intermediate school
;
there is

also a commodious industrial training school, and the town

now possesses two extensive public parks. Besides the

prosperous mineral industries, there are brick and pottery

works, and several breweries. Population of township

in 1881, 35,533; in 1891, 40,917 ;
of urban district in

1891, 38,431 ; in 1901, 43,357.

Aberdeen^ a royal burgh, city, and county of a

city (1899), and the county town of Aberdeenshire, Scot-

land, situated on a bay between the mouths of the

rivers Dee and Don, 111 miles N. of Edinburgh by

road and 130J by rail (Forth Bridge route). The city
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has grows and prospered in an exceptional degree during

the past half-century, owing to the development of

the trawling industry, its educational facilities, and the

*irtractions it offers to residents. In 1883, 900 acres were

iidded to the municipal area, which was further extended

in 1891 from 2681 to 6602 acres, incorporating in the

city the burghs of Old Aberdeen and Woodside, and the

district of Torry on the other side of the Dee. A large

number of handsome streets have been laid out, and 200

to 400 buildings have been erected annually at a total

estimated cost of £150,000 to £350,000. An esplanade

is being laid out along the sea-beach, and a boulevard

constructed round the city. Union Terrace Gardens are

now public, and Duthie Park (44 acres), lying on the

north bank of the Dee, has been opened; it is adorned

with a granite statue of Hygeia in honour of the donor. The
latest addition to the parks is Stewart Park (13| acres).

By the introduction of a freer treatment of granite the

architecture of the city generally has been much improved
in recent years. Marischal College has been rendered a
still more striking feature of Aberdeen. Under an exten-

sion scheme to w'^hich the Treasury contributed £40,000,
the Town Council £23,350, and one donor between
£20,000 and £30,000, a splendid graduation hall has
been built, considerable additions have been made to the
class-room accommodation, and the edifice has been crowned
by a lofty and imposing tower, while the front, long con-
cealed by mean houses, has been largely opened up.
King’s College also has been extended, and the chapel
reconstructed internally and decorated. A botanic garden
was presented to the university in 1899, and the opening
of the Mitchell Hall coincided with the celebration of the
qiutercentenary of the university in 1895. Two viaducts
carrying streets have been constructed, and Victoria Bridge
over the Dee opened. The East church, burned down in
1874, has been rebuilt, and a massive granite tower erected
over the aisle connecting it with the West churcL This
tower has been furnished with a Jubilee peal of 36 bells.
The New Market, destroyed by fire in 1882, was rebuilt
in 1883. Perhaps the most important of the new public
buildings is the Museum and Art GaUery and School of
Art (Italian [Renaissance in red and brown granites)
opened in 1883 and 1884. Other recently erected public
buildings are new harbour offices, new fish market, new
phool Board offices, free library, theatre, Union Club,
l^tmng station, Salvation Army Citadel (on a prominent
site), and new Parish Council Chambers. The Royal
InfiAnary has been largely rebuilt since 1887 as a
memorial of Queen Victoria's Jubilee, and Trinity Hall has
been extended. St Mary's Chapel has been restored
and a dozen or more new churches have been built
withm the last few years. A large extension of themlway station was authorized in 1899. New statues are

bronze (1893), General Gordon (1888),

bronle
(colossal bronze) (1888), and B^ns in

represented in Parliament since 1885 by twomembers, who sit for the north and south divisions. The ?ownCoancil h^ now 34 members, including six maffistrates Thp
Nicholas and Old Maohar were amalgamated by theW Government Act of 1894, and the poor law is ^dminktered

The^Towi CoLdl

201 ofVI4 of

m ^ere^88!®OTtered*'270er
2649 vessels of 703,162 tons - 1898»«7t«sels of 936.409 tons, cleared 8yr4"s^®ohHi7?iSrs

Imports were valued at £662,102 in 1888 and £927*624 in 1898
;

exports £135,382 in 1888 and £145,118 in 1898. The customs
levenue at the port averaged £82, 384 a-year in 1894-98. The granite

industry continues to progress, but the most striking development
has been in the fishing industry. Beam-trawling was introduced

in 1882, and steam line fishing in 1889. Now there are 83
trawlers registered at the port, and 52 more make Aberdeen their

headquarters. These are manned by 1140 men, and the capital

invested in boats and gear is estimated at over £700,000. During
1899 there were in all 7700 arrivals. Pifty foreign smacks* and
luggers made landings during the year. In 1899, 886,037 tons of

fish were landed which were valued at £537,422, and of that
quantity 687,814 tons of £434,885 were trawl fish. A fresh

impetus has been given recently to linen manufacture. Ship-
building, which at one time threatened to decay, has been revived
by the trawling industry

; 11 vessels of 9380 tons were launched
in 1889 and 28 vessels of 11,973 in 1899. The university has now
24 professors and 12 lecturers, mostly of recent institution, and its

scholarships and bursaries are of £7603 annual value, a bequest of
£20,000 for this purpose having been made in 1897, Matriculated
students nuinbered 753 in session 1898-9. Gordon’s Hospital was
transformed in 1881 into Gordon’s College, a day and night
secondary school, in which special attention is paid to scientific
and secondary education. The grammar school for boys and a
high school for girls are under the School Board, and there are
several private higher -class schools. An Educational Trust
constituted under the Endowments Act of 1882 possesses a
capital of £155,000. Valuation in 1889-90, £550,802

;
1899-1900,

£753,802. Population in 1881, 105,003 ; 1891, 121,623 ; 1901,
153,108.

Authoeities.—J. Gordon. Description of Both Towns of
Aberdeen, Spalding Club, 1842.—^W. Kennedy. Annals of
Aberdeen. London, 1818.—Jos. Robertson. The Book of Bon-
Accord. Aberdeen, 1839.—W. Robbie. Aberdeen: Its Traditions

History. Aberdeen, 1893.—C. G. Burr and A. M. Muneo.
Old LmAmuirks of Aberdeen. Aberdeen, 1886.—A. M. Muneo.
Memorials of the Aldermen^ BrovostSy and Lord Provosts of Aberdeen.
.^erdeen, 1897,—P. J. Anderson. Chartersy illustrating the
History of the Royal Burgh of Aberdeen. Aberdeen, 1890.—
Selections from the Records of Marischal College. New Spalding
Club,^ 1889, 1898-9.—J. Coopee. Chartulary of the Church of

^ Nicholas. New Spalding Club, 1888, 1892.

—

G. Cadeniikad.
Sketch of the TerHtorial History of the Burgh of Aberdeen. Aber-
deen, 1876.—W. Cadbnhead. Guide to the City of Aberdeen,
Aberdeen, 1897.—A. Smith, History and Antiquities of New and
Old Aberdeen. Aberdeen, 1882. Wa)
Aberdeenshirei a maritime county of N.E

Scotland, bounded N. and E. by the German Ocean, s!
by the counties of Kincardine and Perth, and W, by
Banff and Inverness shires.

Arm andPopulatwn.---I.ix 1891 the Banffshire portions of thepanshes of Gartty, Glass, New Machar, Old Deer, and St Eer<rus

TfThf Aberdeenshire portion
of the parish of Cabrach to BanflTshire. Of parishes partly inAberdeen and partty in Kincardine, Drumoak was placed wholly

Banchory-Ternan in the latter county. Accord-ing to the latest official estimate the area of the county (fore-
1,268,705 acres, or about 1982 square^ miles.

^ m 1881, 267,990
;
in 1891, 281,332

; in 1891
of whom 135,186 were mdes, and148,851 levies. On the old area, taking land only fl 251 451acres, or 1955*4 square miles), the number of persons to ^ the

1890,

Year. Marriages. Births.

1880 1700 9099
1890 1743 8436
1899 2283 9135

Deaths.

4472
5205
4884

Percentage of
Illegitimate.

14*4

12-98
11-2

rates

a'^ri^Tof
thousand If the population fo^

isso. 1881-90. 1890. 1891-98. 1899.

Birth-rate .

Death-rate .

Marriage-rate

34-05
16-73

6-36

32*15
16*77

6*23

30*02
18*52
6*20

31-08
16-72
7-25

31-04
16-59
7-75
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According to the census of 1891 there were in the county 1538

Gaelic-speaking persons, of 'vvhom 8 spoke Gaelic only, and there
were 204 foreigners. Valuation in 1889-90, £856,173

;
1899-1900,

£920, 246.

Administration.—The county returns two members to Parlia-
ment for the East and West divisions respectively. Besides the
county town, Aberdeen (121,623), which returns two members,
ttiere are in the county two royal and parliamentary burghs,
^^erurie (3105) and Kiiitore (686), and one parliamentary burgh
Peterhead (12,195), all of which belong to the Elgin group of
burghs for parliamentary representation. Important police
burghs are Huntly (3760), Fraserburgh (7466), and Turriff (2341).
There are 82 civil parishes, 24 of which belong to the Buchan
Combination, with a poorhouse at Maud, while the city parish has
poorhouses in Aberdeen. The number of paupers and dependants
in September 1899 w*as 6698. The county forms a sheriffdom with
BanffandKincardine, and there are two resident sheriffs-substitute
in Aberdeen, who sit also at Peterhead, Fraserburgh, Huntly, and
Turriff.

Education.— school boards manage 258 schools,
which had an average attendance of 43,388 in 1898-99, while 38
voluntary schools, of which 14 are Episcopal and 6 Roman Catholic,
had 5507. There are 3 higher-class schools in Aberdeen, and
secondary schools at Huntly, Peterhead, and Fraserburgh, and
69 other schools in the county earned grants in 1898 for giving
secondary education. The County Secondary Education Com-
mittee dispensed £4253 in 1899, of which £2247 came from the
Education Department and £2006 was contributed by local
authorities from the “residue” grant, and supported, besides
the^ schools mentioned, local classes and itinerant lectures in
agriculture, fishery, and other technical subjects, besides sub-
sidizing the agricultural department of the university of
Aberdeen.

Agriculture .—In no county in Scotland has a more productive
soil been made out of unpromising material during the 19th cen-
tury, Oats are the predominant crop, but the barley acreage has
been nearly doubled since 1872, while wheat has practically gone
out of cultivation. The most distinctive industry is cattle-

feeding. A large number of the home-bred crosses are fattened
for the London and local markets, and Irish animals are im-
ported on a large scale for the same purpose. An exceedingly
large business in the sale of live stock and dead meat is done all

over the county, and the average iveekly export of dead meat
from Aberdeen for the London and southern markets has been
estimated at 150 to 200 tons, while the shipment of caitle for the
same destinations averages 50 to 70 head weekly. The following
table gives the principal acreages at intervals of five years from
1880 :

—

Year.
Area under

Crops.
Com
Crops.

Green
Crops.

Clover.
Perma-
nent

Pasture.
Fallow.

1880
1885
1890
1895
1899

603,226
611,424
614,365
630,070
630,121

212,767
215,950
213,887
215,730
214,920

104,203
102,469
101,243
101,709
100,109

259,645
263,004
268,058
276,389
283,968

26,861
29,372
30,290
35,711

30,563

748
626
543
196
184

The following table gives particulars of the live stock during

thei same years :

—

Tear.
Total
Horses.

Total
Cattle.

Cows or
Heifers m

Milk or Calf.

Slieep. Pigs.

1880
1885
1890
1895
1899

26,851
25,963

26,637
31,114

30,330

152,106
166,003
163,240
173,961
175,407

41,318
45,235
43,261
43,497

46,540

137,693
158,587
195,689
183,951

232,863

7,240
10,761
12,061
10,379
12,346

Aberdeenshire has by far the largest cultivated area of any
county in Scotland, and the largest number of holdings, but the

percentage of cultivation is only 49*6. Of the 11,567 holdings

in 1895, the average size was 54 acres. The percentage under

5 acres was 14*37
;

between 5 and 50 acres 49*23, and over

50 acres 36*40. Farms between 50 and 100 acres numbered

2164, between 100 and 300, 1912 ;
between 300 and 500, 124,

and between 500 and 1000, 10 ;
there were none above 1000

acres. According to the census of 1891 there were 26,386 men
and 1213 women engaged in agriculture. The acreage under wood

in 1895 was 108,976, of which 7986 had been planted since 1881.

Industries and -—There are now a number of paper-

making establishments in the shire, most of them on the Don
in the vicinity of Aberdeen. Aberdeen is the premier granite

county in the kingdom. There are quarries at Aberdeen, Kem-

nay, Peterhead, and elsewhere, and the output was 242,168 tons

valued at £132,373 in 1895, and 385,075 tons valued at £176,461
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in 1899. Quarrying and dressing the stone gave employment in
1891 to 6294 persons. Fishing, lio\s ever, is the next most import-
ant industry to agriculture. The nineteen ports and creeks of the
county are divided into the three fishery districts of Peterhead,
Fraserburgh, and Aberdeen, the last of \\liich includes also three
Kincardineshire ports. The following table gives statistics of
the three districts jointly in 1890, 1898, and 1899 :

—

Year. Value of
Gear.

Resident
Fishermen
and Boys.

Total Value
ol aU Fish-No. Tons. Value.

1890 1503 18,994 £193,817 £153,695 4822 £556,657
1898 1530 22,306 £497,659 £167,668 3929 £883,129
1899 1436 22,959 £731,534 £164,243 5417 £968,805

The number of persons in the three districts employed in the
various branches of the sea fisheries was 21,232 in 1S99. Between
a half and a third of the catch consists of herrings. The herring
season for Aberdeen, Peterhead, and Fraserburgh is from June to
September, at which time the ports are crowded with boats from
other Scottish districts. The development of the fisheries of late
years has been due to the trawlers almost exclusively. (See
Aberdeen.) There are valuable salmon fishings—rod, net, and
stake-net—on the Dee, Don, Y'than, and TJgie. The average
annual despatch of salmon from Aberdeenshire during the years
1894 to 1898 was about 400 tons. A branch (15} m.) of the Great
North of Scotland Railway w^as opened in 1897, and a light rail-

way (13 m.) has been sanctioned.

Authorities.

—

A. Smith. I^cw History of Aberdeenshire.
Aberdeen, 1875.—W. Watt. History of Aberdeen and Banff.
Edinburgh, 1900.

—

Sir A. Leith-Hay. Castles of Aberdeenshire.
Aberdeen, 1887-

—

I. Davidson. Inverurie and the Earldom of the

Garioch. Edinburgh, 1878.

—

W. Temple. The Thanage of
Formartyn. Aberdeen, 1894.

—

Pratt. Buchan (rev. by R. Ander-
son). Aberdeen, 1900.—A. I. M'Connochie. Heeside. Aber-
deen, 1895. The Boyal Dee. Aberdeen, 1898. Queen Victoria's

Highland Home. Aberdeen, 1897.

—

W. Ferguson. The Great
North of Scotland Bailway. Edinburgh, 1881.—A. Jervise.
Epitaphs and Inscriptions. Edinburgh, 1875, 1879.

—

Transact
tions of Buchan Field Club. Peterhead, 1887.—A Guide to Don-
side. Aberdeen, 1866. (w. Wa)
Aberg^a-Venny, a municipal borough (1899),

mkrket-town, and railway station, in the northern parlia-

mentary division of Monmouthshire, England, at the con-

fluence of the Gavenny and the Usk, 16 miles W. of

Monmouth. The lunatic asylum has been enlarged and
a cottage hospital built. Population of urban district

(borough) in 1891, 7743, on an area of 825 acres; in

1901, 7795; of parish in 1881, 7886; in 1891, 9036.

Aborystwithi a municipal borough, market town,

and seaport of Cardiganshire, Wales, at the confluence of

the Ystwith and Eheidol, 244 miles from London by rail.

It ceased to be a parliamentary borough in 1885. Modern
erections are two Established churches, Wesleyan and
Welsh Calvinist chapels, a pier pavilion, a ladies* hostel

in connexion with the University College of Wales, baths,

and a new infirmary. The University College of Wales
was opened in 1872, and in 1900 had 31 professors

and 474 students. In the town and neighbourhood are

engineering works, foundries, and slate-quarries. The
corporation is lord of the manor, and owns nearly four-

fifths of the town. Population in 1881, 7088; in 1891,

6725; in 1901, 8013. Area, 845 acres.

Abeshr. See Wadai.

Abila, (1) the capital of the tetrarchy of Abilene, was

an important town on the imperial highway from Damascus

to Heliopolis {Badlheh\ and is now represented by Sfik

Wddi Baradd, a village called by early Arab geographers

Abil es-Siik. The tetrarchy was granted by Caligula,

37 A,©., to Agrippa L, and by Claudius, 52 a.d., to

Agrippa 11. (2) A city in Perea, now Abil ez-Zeit.

Abingrdoni a municipal borough and market-town

in the Abingdon parliamentary division (since 1885) of

Berkshire, England, 61 miles W.KW. of London by rail

The old churches of St. Helena and of St. Nicholas have

been restored, a corn exchange, a cottage hospital, and a
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free public library erected, and municipal drainage works

and water works executed. The town has important com
markets and horse fairs. Area of borough, 730 acres.

Population in 1881, 6755; in 1891, 6557 ;
in 1901, 6480.

Abo, city and seaport of Finland, Russia, capital of

the Abo-Bjurneborg province; 381 miles by rail from St

Petersburg, via Tavastehus ;
in regular steamer communi-

cation Avith St Petersburg, Wasa, and Stockholm. Ship-

building has considerably developed lately, warships

being built for the Russian navy. This city is only

second in Finland to Helsingfors for its trade. Its

harbour (Bornholm, on HyrvinsaJa Island) is entered yearly

by from 700 to 800 ships, of about 200,000 tons, Popu-

krion, 18,109 in 1867; 34,339 in 1897.

Abo-Bjornebors^y a, province occupying the

BAY. corner of Finland, and including the Aland islands.

Its population reached 413,351 in 1897, of whom 12 per

cent, lived in towns. It occupies the first rank in Finland

for its manufactures of cottons, sugar refinery, wooden
goods, metals, machinery, paper, (fee. Its chief towns are

—Abo, Marienhaven (759), ]J7odendal (654), Nystad

(4023), and Raumo (4111).

Abomey. See Dahomey.

Abouty Edmond Francois Valentin
(1828-1885), French novelist, publicist, and journalist, was
the son of a grocer, and was born on the 14th of February
1828, at Dieuze, in Lorraine. The boy’s school career was
brilliant. In 1848 he entered the 6cole Normale, taking
the second place in the annual competition for admission,
Taine being first. Among his college contemporaries were
Taine, Paul Albert, Weiss, Assolant, Sarcey, Challemel-
Lacour, the ill-starred Prevost-ParadoL Of them all

About was, according to Sarcey {Souvenirs de JeuTiesse), the
most highly vitalized, exuberant, brilliant, and “undis-
ciplined,'’ At the end of his college career he joined the
French school in Athens, but if we may believe his own
account, it had never been his intention to follow the pro-
fessorial career, for which the ficole Hormale was a pre-
paration, and in 1853 he returned to France and frankly
gave himself to literature and journalism. A book on
Greece, La Grhe eontemporame (1855), which did not
spare Greek susceptibilities, had an immediate success.
Tolla^ which remains one of his best novels, appeared
shortly after, and during the next few years, with inde-
fatigable energy, and generally with full public recognition,
he wrote novels, stories, a play—^which failed—^a hook-
pamphlet^ on the Roman question, many pamphlets on
other subjects of the day, newspaper articles innumerable,
some art criticisms, rejoinders to the attacks of his enemies'
and popular manuals of political economy, DABO du
Tmmilleur, Le Progres, About’s attitude towards the
empire was that of a candid friend. He believed in its
^provability, greeted the Liberal ministry of Emile
Olivier at the beginning qf 1870 with delight, and wel-
comed the Franco-German war. That day of enthusiasm^ a terrible morrow. For his own personal part he lost
the loved home near Saverne in Alsatia, which he had
purchased in 1858, out of the fruits of his earlier literary
success. With the faU of the empire he became a
itepublK»n, and, almys an inveterate anti-clerical he
threw h^lf with ardour into the battle against the
conservative reaction which made head during, the firstjms of the^pubUc. From 1872 onwards for some five
or SIX ^per. the XIZ* Sikde, of which he was thefie^ and soul became a power in the land. But the Ee-
imblica^ never quite forgave the tardiness of his conver-^ rewarded his later zeal On the 23rd

^ member of the French
Academy, but died on the 26th January 1885, before

taking his seat. Dust has accumulated on the mass of

About’s work. His journalism—of which specimens in

his earlier and later manners will be found in the two series

of Lettres d^un bon jeune homnie d sa Cousine Madeleine

(1861 and 1863) and Le Lix-neuvieme Siecle (1892)—was
of its nature ephemeral. So were the pamphlets, great and
small. His political economy was that of an orthodox

popularizer, and in no sense epoch-making. His dramas are

negligible. His more serious novels, Madelon, Mlnfdme^
the three that form the series of the Vieille Roche, and
Le Roman d^un brave honime—a kind of counterblast to

the view of the French workman presented in M. Zola’s

Assomrmir—contain striking and amusing scenes no doubt,

but scenes which are often suggestive of the stage, while

description, dissertation, explanation too frequently take

the place of life. His best work after all is to be found
in the books that are almost wholly farcical, Le nez dJun
notaire, Le Roi des Montagues, L^Homme d Voreille

cass^e, Trente et guarante, Le Cas de M. Guerin, Here
his most genuine wit, his sprightliness, his vivacity, the
fancy that was in him, have free play. “ You will never
be more than a little Voltaire,” said one of his masters
when he was a lad at school. It was a true prophecy.

(f. t. M.)

^
Abrudb^nyOy a corporate town of S.E. Hungary,

situated on the slope of the Erezhegyseg (Ore Mountains),
45 miles S.W. by S. of KJausenburg {Hung. Kolozsvar).
In Roman times it was the site of a town where resided
the proawrator aurarium of Dacia, and gold ore is still

mined in the villages on the neighbouring mountains. The
annual produce of these mines is about 34,400 oz. troy of
fine gold. Considerable secondary products are silver, iron,
copper, lead, and lignite. The ore raised from the mines
belonging to the mine-captaincy of Falatna (to which
Abrudb^nya belongs) in 1899 represented a total value of
£972,292. Population (1891), 2992; (1901) 3370; of
recent years it has become joined to the village of Abrud-
falva with (1901) 4978 inhabitants. It contains good
state schools and many handsome buildings.

Abruzzi O Molise, a territorial division of Italy,
a mountainous region embracing the middle Apennines
and reaching down to the Adriatic on the E. It comprises
the provinces of Aquila, Chieti, Teramo, and Campobasso,
with an area of 6567 sq, miles, and includes a population
of (1881) 1,317,215, (1901) 1,442,365. The first three
provinces correspond to the former Neapolitan districts
of Abruzzo, and Campobasso to the former Neapolitan pro-
vffice of Molise. Tlie mouiitaiiiis are in great part covered
with forests, and the wealth of the people consists prin-
cipally in cattle, sheep, and pigs. Some wheat, wine,
oliv®, and figs are grown in the valleys. Beyond the
reamg of silkworms and silk-spinning, the industries are
imimporta,nt. The to-wns are mostly of small size, the
® j

Chieti, Teramo, Aquila, Campobasso,
and Solmona.

^ j r >

•h
(1819-1885), German composer, was

f
Eilenbnrg, Saxony, and died

at Wiesbade^ 31st March 1886. The best of his popular^ngs have become part of the recognized folk-music ofbren^yj vocal works, solos, part-songs, &c., enjoyedm ertraordinary vogne aB over Europe in the middle oftte 19th cen^, but in spite of their facile tunefulness
have few qualities of lasting beauty. He was Kapellmeister

^ Bembmg, 1841, at Zurich in the snmfl year and atBrunswick, 1852-82, when he retired to Wies^en.

Ra
^ tie Sirohi state of^jputaj^ bemg an isolated spur of the Axavallii^ge. It 18 Bitimted in 24 35' K kt. and 72° 45' Elong., 16 miles from the Abu road station of the Eaj-
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putana railway. The height above the sea of the various out with driving-roads and bridle-paths, and there is a

peaks ranges from about 4000 to 5635 feet. It is the beautiful little lake. The chief buildings are a church,

summer residence of the governor-general’s agent for Baj- club, hos])ital, and a Lawrence asylum school for the

putana, and a place of resort for Europeans in the hot children of British soldiers.

weather. The annual mean temperature is about 70\ Ahmed. See Sudan, Anglo-Egypti^vn.
rising to 90“ in April

;
but the heat is never oppressive.

The annual rainfall is about 68 inches. The lulls are laid
[

Abushehr. See Bushire.

ABYSSINIA.
1, Geogeaphy and Statistics.

DUEING the last thirty years of the 19th century our
knowledge of the physical features, climate, natural

history, resources, and social condition of Abyssinia has
been greatly advanced by scientific exploration, by hunting

and military expeditions, and by the reports of numerous

embassies to the courts of its successive rulers. As fully

explained in the historical section (see below), a main
result of the political relations, some friendly, some hostile,

with Egypt, Italy, and Great Britain, has been the con-

solidation of the Abyssinian empire under one potentate,

Menelek, king of Shoa, by the complete reduction of the

ancient kingdoms of Tigre, Lasta, Amhara, and Gojam,

foUo-wed by the absorption of aU the sureounding Ethiopian

lands. The area of the unified political system h^thus

been enlarged, especially in the direction of the south and

south-east, -while its absolute autonomy1^ been recognized

bywions international treaties with Great Britaa^n and

Italy Menelek’s dominions now comprise the 'whole of

the Galla and Kafe highlands, extendmg from Abysama

proper southwards nearly to the Samburu (!^ke Kudol
)

det)ression, together with Harrar and Central Somaliland

coterminous with the French,British,and Italian possessions

along the seaboard. In the empire are thus now included,

besides the above-mentioned vassal kingdoms, the territories

of Ennarea, Guragheh, Walamo, Jimma, Ghera, Guma,

Leka, Walega, Ka&, and all the other petty states which

are exclusively occupied by the Hamitic Galla people, and

constitute what is commonly called Gallaland or South

Ethiopia. The frontiers, mostly conventional lines regard-

less of mountain ranges, river basins, or other natural

features, have not yet been determined towards the N.W.,

W., and S.
;
but they roughly coincide on the west towards
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the Anglo-Egyptian Sudan, the meridian of 35“ E. be-

tween the river Hahad, and N. lat., and on the south with

this parallel eastwards to 40“ E. Here the line is deflected

irregularly south-eastwards to Logh, on the river Juba,

and then runs north by east at about 180 miles from the

coast along the Italian frontier as far as British Somali-

land. Beyond this district the boundary is coterminous

eastwards with French Somaliland as defined in 1897,
and the Italian colony of Eritrea as far north as 15“ K.
lat., and westwards to the Atbara, whence the line runs
south and west to the point where the river Bahad is

intersected by the meridian of 35° E. Within these limits

the reconstituted Abyssinian empire has a total area of

about 320,000 square miles, with a population approxi
mately estimated at 9,000,000 distributed as under

[geography

Hamran, Beni-Atner, Bilin, Marea,
Mensa, Base (Kunama), andBarea I

districts between the Plateau
j

and^Upper Hubia J
Abyssinia proper (iNorth Ethiopia) :

'J

the old kingdoms of Tigre, Lasta, }-

Amhara and Gojam J
Shoa {Menelek's patrimony)

.

Harrar and neighbouring districts

Ogaden and other parts of Somah-

1

land /
South Ethiopia (Gallalaud) .

Area In Sq.
Miles.

Population.

30,000 160,000

80,000 2,600,000

20,000

10,000
1,000,000

250,000

100,000 1,000,000

80,000 4,000,000

320,000 9,000,000Total (1901) .

^
Despite its enlarged domain, Abyssinia still remains an

inland state, nowhere reaching the coast, where all its
mturai outlets—Massawa and Assab on the Red Sea,
Jibuti, Zeila, Bulhar, and Berbera on the Gulf of Aden—
are held by foreign Powers. Even on the west side it is cut
off from direct access to the White Nile, where both banks
of the river are included in the Anglo-Egyptian Sudan.
JNo doubt the upper courses of the eastern affluents of the

Sobat, Abai (Blue Nile), Takazz6 (Atbara,
or Black Nile), Eow through Abyssinian territory. But
here they have the character of intermittent wadies, nearly
dry_ for a great part of the year, and during the rairm^ing torrents rushing wildly through deep rocky gorges
doTTO to the lowlands, hence at no time navigable, and ofhtUa ure even for irrigation purposes. Hence their ex-clmon from marme and fluvial navigable waters has been
all the more acutely felt by the native rulers, whose foreign
pohcy continues to be largely directed towards acquiring

S'rat lSe.
^

Ethiopia highlands, of which Abyssinia procer forms fh*northern, anS GaUalandthe southern aecto odup^LS Se
Piyaical sP^s ^tween the lowlands of the WUte Nile basin

southwards to tbft T.flirsa
oea at Massawa

a mean'h^nr^

summits, present the aspect of a storm-tossed sea suddenly
solidified, the best -defined mountain system is the coast range,
which is formed by the precipitous eastern escarpments of the
plateau, and maintains for a distance of about 600 miles a moan
elevation of from 7000 to 8000 feet. It thus rises little above the
inland plateau, and travellers penetrating from the coast to the
interior find that on surmounting this rocky barrier they have
already reached the normal level of the whole region. But the
irregular Simen and Gojam groups, the true highlands of North
Ethiopia, still rise 6000 or 7000 feet higher, several of their peaks
penetrating to the snow-line. Mount Dajan in the Simen range
is certainly over 15,000 feet, and was long supposed to be the
loftiest summit in Africa north of Kenia. But it now appears to
he overtopped by others, such as Abba-yared (15,600 feet), and
Buahit (16,000 feet) in the same group. At Ankober (O'* N.) the
coast range begins to trend round to the south-west, thus
assuumg the aspect of an inland chain, and gradually increasing
in height until it culminates in Mount Metatiteh (11,000 feet)
and the Entoto ra,nge crossed by the Hular Koh Pass (over
12.000 feet) in the kingdom of Shoa. Here the Abyssinian system
merges in the South Ethiopian highlands, which are continued
at considerable altitudes southwards to the Eafla territory, and
then fall rapidly down to the Lake Rudolf depression. Like the
northern section, these less-known Galla uplands appear to form
a much broken hilly plateau, presenting its steepest escarpments
on the east side towards Somaliland, and falling more gently in
a series of broad terraces down to the lowlands of the Nile basin
Although the routes of the explorers in the Galla and Samburu
knds have now been connected by the itineraries of Botteno
Donaldson Smith, Wellby and a few other travellers, no accurate
surveys have yet been made, and the heights assigned to the

Ethiopia (Hamdo, 11,500 feet: Wariro
13.000 feet

; Wosho, 16,000 feet) are little more than conjectural*
Ihis region, however, is known to be of a far less runffcd
character than the Abyssinian tableland, and there are few orno traces of the so-called “arnbas,*’ that is, isolated blocks or
sections caused by erosion and underground agencies, which aresuch a charactpstio feature of the Shoa and Gojam uplands.

fissures, which somewhat
Mexican bamncas, are of vast extent and depth,but often very narrow. The most remarkable occur alonff the
central plateau, “where the total fissure exceeds

summit of the degas (uplands) downto sea-level. Nowhere else can a more convincing proof beobseived of the eroave action of running waters. The two walls
gorges, nsing nearly vertically within a few feet of eachother to a height of some hundreds of feet, represent an erosion

tilf?o\hat%afe1'i^’'l“^“
have a decided north-westerlymt, so that nearly all the large rivers find their way in this diree^

Such are the TakLz” 1
‘ "

in the north, the Abai m the centre, and the Sobatm &e south, and through these three arteries isdischarged about four-fifths of the entire drAaS. The rest isearned off by the Khor Baraka, which occasionaliy reaches the

wll®?
helow Suakim

; the Hawash, which runsTfifthe ^alteelaonstnne district near the head of Taiura Bay • th^Webi
Somaliland^to the Indian

the Sinien «pUnds, and Ms &om abent^OoVto^OtUMt^le
S!”S,s it“uKSS3

SrAStSTTaW^ it

stream retains &e Sof Atbm
Its right bank the down receives on

18,000 feST 17^^“ ^5,000 or
cones, and the very craters have .

iwwhere any active

Thelfiateau fonS&n
vast yawning chasms and fiamrA.'^rtA .

obscured by

Alp«« herghts and rugged plaSrs S.'seeSL^’^rtlh^

uescenaina:
Below the confluence the united

rises near Adua in Tier^ and is dt-xr
Mareb or Gash, which

but, like the Takazzf^ is sn j y®ar,
rains. From its source to the Nile confluent at^MIt IS now crossed by a railway brid^A ^

® at Ed-Damer, where
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flows for 70 miles nearly due north to the south side of Lake Tsana
(Dembea). This great island-studded basin, which stands some
3000 feet below the normal level of the plateau, has somewhat the
aspect of a flooded crater, being of nearly circular form, with a
diameter of about 40 miles, an area of over 1200 square miles, and
a depth in some parts of 250 feet Tsana has been identified with
the Coloe Palus of the ancients, which, although placed some
12® too far south by Ptolemy, was described as a chief reser-
voir of the Egyptian NTile and the source of the Astojpus, which
was certainly the Blue Nile. At the south-east corner the rim of
the crater is, as it were, breached by a deep crevasse through which
the Abai escapes, and here develops a great semicircular bend
like that of the Takazz^ but in the reverse direction—east, south,
and north-west—down to the plains of Sennar, In this section of
its course its swirling waters rush over a long series of cataracts
and rapids, descending from a height of 6000 feet at tlie outlet to
about 1400 feet at Fazokl, where it crosses the Abyssinian frontier,
and flows with a sluggish current through the plains of Sennar to its

confluence with the White Nile at Khartum, 1300 feet above sea-
level.^ At Eazokl, where it becomes the Bahr-d-Azreq (Blue Nile),
it is joined on its left bank by the auriferous Tumat, and higher
up by the Yabus, both intermittent affluents from the South
Ethiopian uplands. In Sennar it receives on its right bank two
important tributaries from the Abyssinian heights, the Binder, a
very long and apparently perennial stream, and the ]^had,
waterless in the dry season, copious and richly charged vdth sedi-

ment during the rains from June to September, At this period
the discharge of the Blue Nile rises from 6000 to 220,000 cubic feet

per second, thus greatly exceeding that of the White Nile itself,

which is only about 175,000 cubic feet during the floods above the
confluence. The economic importance of the Blue Nile as the
great fertiliser of Egypt is elsewhere discussed. (Nile

; Egypt. ) On
the east side of the Abyssinian plateau the chief fluvial basin is

that of the Hawash (Awash, Awasi), which rises on the landward
side of the coast range, and, like the other large Ethiopian rivers,

describes a great semicircular bend on its seaward course between
the Shoa uplands and Gallaland. After emerging on the Afar
(Danakil) lowlands through a broad breach in the eastern escarp-

ments of the plateau, it is joined on its left bank by its chief

affluent, the Germama (Kasam), and then trends round to the
north-east in the direction of Tajura Bay. Here the Hawash is

a copious stream nearly 200 feet wide and 4 feet deep, even in
the dry season, and during the floods rising 50 or 60 feet above
low-water mark, thus inundating the plains tor many miles along
both its banks. Yet it fails at any time to reach the coast, and
after a winding course of about 500 miles runs out in the Lake
Ausa basin, some 60 or 70 miles from the head of Tajura Bay.
This remarkable phenomenon is explained by tbe position of

Ausa in the centre of a saline lacustrine depression, which stands at

present several hundred feet below sea-level. Recent surveys give

174 metres for the Assal lakelet near the bay, and several of the

other surrounding ladds (basins) may even be lower, although the

Hawash itself still flows at an elevation of 620 metres below its

junction with the river Addifuha, where it begins to descend

through a chain of badds down to Ausa. While most of the other

lagoons are highly saline, with thick incrustations of salt round

their margins, Ausa remains iresh throughout the year, owing to

the great body ot w'ater discharged by the Hawash iuto this closed

basin. Formerly the whole ol the^Atar and neighbouring Adal
(Somali) and Dawari (Galla) territories formed part of the Red
Sea, which flooded the now dry rift -valley right up to the
foot of the coast range. Another lacustrine region, not however
of marine, but perhaps of igneous origin, extends from the

Shoa heights southwards to the Samburu depression. In this

chain of lovely upland lakes, some fresh, some brackish, some
completely closed, others connected by short channels, the chief

links in then- order from north to south are Zwai, communicating
southwards with Hara and Lamina, all in the Arusi Galla territory ;

then Abai with an outlet to a smaller tarn in the romantic Baroda
and Gamo districts, skirted on the west side by grassy slopes

and wooded ranges from 6000 to nearly 9000 feet high
;
lastly, in

the Asilli country Count Teleki’s Lake Stelanie, the Climvaha
of the natives, completely closed and falling to a level of 3700 feet

above the sea. To the same system obviously belongs the neigh-

bouring Lake Rudolf (Gallopa or Buzz), which is larger than all

the rest put together, and terminates southwards with an active

volcano, thus betraying the igneous origin of these basins anti

bringing them into line with Gregory’s “Great Rift Valley.”

With the determination of the lower course of the Omo, one of the

few remaining problems in African geography has been solved.

Its ujiper course had long been identified with the Fintire, which
rises on the northern slope of the Bore heights about 150 miles

south-w'est of Addis-Abbaba, and, after flowing 38 miles north,

bends round east and south to the Zighero district, where it takes

the name of Omo. It was then supposed either to trend east to

the Juba or west to the Sobat until Bottego, on his last disastrous

expedition (1896), found that it discharged into the closed basin

of Lake Rudolf. Its lower reaches have since been visited by
Cavendish, Donaldson Smith, Austin, Wellby, Leontieff, Bulato-

vich, and others
;
and the Niamiam, as it is here called, is now

known to be a noble perennial waterway, which is joined along its

middle course by the Gojeb, Jibie, Gumi, Kabish, and many other

affluents on both its banks, and for some miles above its mouth at

the north end of the lake flows in a deep channel varying with the

seasons from 50 to 500 feet in width. Throughout its entire

length of over 370 miles it has a total fall of about 6000 feet (from

7600 at its source to 1600 at lake-level), and is consequently a very

rapid stream, being broken by the Kokoby and other falls, and
navigable only for a short distance above its mouth. The Baraka,

Shebeyli, Juba, and Sobat, belonging only for short stretches of their

upper courses to the Ethiopian region, will be more conveniently

described in their principal drainage areas. (Nile
;
Somaliland.)

The vertical disposition of the climatic zones, which is more or

less common to all highland regions, and of which [Mexico o tiers a

typical example, is somewhat modified on the Ethiopian

uplands by the iiTegular distribution of the rainfall, Climate;

the varying aspect of the land, and other local con- flora;

ditions. Nevertheless, striking analogies have been fauna,

observed between the superimposed Mexican and
Abyssinian zones, so that it is possible to construct a comparative

table of the more salient features, and even of the respective

terminologies of each, as under :

—

Climatic Zones.
Mean Range of

Altitiides. xlrapeSe? I

Chaiacter.i.tic Flora.

(Hot) \

2.
1

(Temp.)1
3. I

(Cold) 1

" Mex. Tierra Caliente .

[
Abys. Kwalla

r Mex. Tierra Templada

[
Abys. Voina-dega

f Mex. Tierra Fria

(Abys. Dega

0 to 4,000 ft.

Oto 5,000 ft.

4000 to 6,000 ft.

5000 to 8,000 ft.

6000 to 9,000 ft

9000 to 14,000 ft

77°- 82° F.

70°-10Q° F.

62°- 70° F.
60°- 80° F.

58°- 64° F.
45°. 60° P.

Banana, sugar, cocoa-nut, coffee.

1 Banana, cotton, date, coffee.

Maize, wheat, tobacco, beans.

Wheat, bamboo, terebinth, pulse, citron.

Jucca, pine, cedar.

Pine, barley, oats, scrub.

The correspondence is even closer than appears from thm table,

because tbe Mexican scheme excludes Alpine heights, which are

included in the Abyssinian dega. Allowance has also to he made

for the much lower latitude of the Ethiopian region (4®-16® N.)

compared with that of Mexico (16®-32® N.), while the mean

altitude of the two plateaux is about the same (7000 feet).

Besides the above-mentioned plants, many other tropical forms

—

indigo, tamarinds, ebony, gummiferous acacias, baobabs—flourish

in the Kwalla bottom-lands. Nearly all the European cereals,

grasses, and shell fruits are indigenous in the Yoina-dega, where

are also met the orange, peach, apricot, and other fruit trees,

besides the vine, zegba (Podocarpus), dhurra, tief, kolkwal {Euphorbia

dbissinica), juniper, and several species of sycamores, some of

which grow to a gigantic size in the sheltered gorges of the inter-

mittent mountain torrents. But in the dega, which includes all

the more elevated plains, amhas, and upland valleys, little thrxv^

except the hardier cereals, scrubby plants, and rich grasses afford-

ing excellent fodder for cattle, goats, and the long-haired native

sheep. The South Ethiopian region between^ the Hawash and

White Nile basins has also its three zones, which, as determined

by M. Michel of the Bonehamps Mission {La G4ographie, July

1900), are :—1. The wide treeless tableland hetiveen 6500 and 8500

feet high, covered in places with limestone strata, deeply scored

here and there by the running waters. 2. The u]jlands between

the sources of the Hawash and Omo rivers, stretching west to the

valley of the Didessa, affluent of the Sobat. Here the ranges,

which fall little below 10,000 feet, and are separated by deep

valleys, are clothed with low forest, and lower down with scnib

which has been partly cleared for cultivation. 3. A low, hilly

region from 5000 to 5500 feet high, with scarcely any intervening

level ground, but superabundantly watered by streams flowing to

the Sobat, and yielding large quantities of coffee and honey. The
hitherto almost unknown region stretching still farther south

towards Lakes Rudolf and Stefanie proves to be much more

elevated, and. also more productive, than had been supposed.

Alpine heights—one (Guge) nearly 14,000 feet—are spoken of by

Bottego, Donaldson Smith, and other’ explorers near the lakes,

and the waterparting between the Omo and Sobat basins, to

which Bulatovich has given the name of the T&at Nicholas Rangt^

is surmounted in its northern section by several peaks over 10,000
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feet high. This range is lofty enough to iuteicept the moisture-

eliarget^l clouds brought by the trade winds from the Indian

Ocean, and thus raise the mean rainfall from 30 inches in Abyssinia

proper to 40 or 50 inches on the eastern slopes of the Galla uplands.

Here have been discovered clear indications of iron and copper,

while gold is known to occur in large quantities in the Tumat
villey, wheie it was for some time profitably mined by Mehemet
AH. Gold, iron, and other metals are also mentioned in the

Hammer Kolci hills north of Lake Stefanie, and recent exploration

fully confirms the reports of the early Italian explorers—Massaja,

Antinori, Chiarini, Cecchi, and others— regarding the vast

superiority of the Galla Linds over the Abyssinian plateau in

natural resources of all kinds. Wellby, who traversed the

lacustrine region betiveen Shoa and Lake Eudolf in 1898-99,

describes the demon-haunted’* 'V^^alamo district and the Baroda
and Gamo uplands about Lake Abai as ‘'fairy lands,” with fertile

black and red soils abundantly watered by limpid streams, in
parts well timbered or under rich pasturage, and, where cultivated,

growing bananas, palms, tobacco, limes, cotton, ginger, rasp-
bf*rries, and godaris—“a remarkably good vegetable.” Along the
banks of the streams “growbig shady trees and a multitude of
flowers and undergrowth, alive with birds of bright plumage

”

{{rcograpii. September 1900). Whilst extensive woodlands
are rarely met w*ith in Abyssinia, except in the Kwalla districts,

travellers in the southern uplands speak of the immense forests of
conifers, wild olives, and other trees, under the matted moss-
grown branches of which they have journeyed for hours together.
This home of the coffee-shrub could still supply the world with
many other valuable species, such as the aggieh, or 'korarkm, a
fruit much esteemed for its flavour and aroma, and the Ibosso, a
beautiful plant with large pendent red flowers, highly prized for
its medicinal properties. Besides the elephant, hartebeest, and
other large African game, the wild fauna includes the giraffe,
rhinoceros, Hon, black panther, leopard, hyena, buffalo, gazelles,
wild donkeys (striped like a zebra), eagles, vultures, kites, guinea-
fowl, partridges, and sand-grouse. Of great economic importance
is the civet-cat (Fiverm civetta), which is domesticated, and
yields most of the musk that finds its way to the eastern markets.
A more valuable product is coffee, which is indigenous in the Kaffa
country, whence it takes its name, and is extensively cultivated
throughout the wooded districts of Gallaland. It thrives beat on
the clearings under the shade of large trees, and is of prime quality *

much of the so-called Arabian ‘
* mocha ” really comes from Ethiopia

and the two sorts are often mixed together for the European markets!
Besides gold, ivory, musk, salt, and coffee, the staples of the

export trade, many other commodities, such as corn, flour, beer,

Markets wax, cotton, and indigo, are for-

and iowas^ ^®^dea to the local markets. Of these the busiest are

T • t \
north, Bonga in the extreme south, and

^anda on tte Bito plain near Sopsb, and enjoys direct com-
mnmcation with Gojam, Shoa, and other parts of the empire
Bonga, the eommeiml centre of Kaffa, is much frequented hv
tradera from all the sprounding prorinees, and eren by forei<Jnmmhants follomng the routes from Zeila and Berbera on the

Harrar and the Arusi Galla territory to South
‘ market-places there are few permanentMntrM of population in Abyssinia. Even these are not towns in

W "“liKv stations, called fcofown, ‘‘camps,"by the Mttves, who have no word for toivn. Since the fall of the
“capitals” and royal residences

.1.^'?’ Magdak, and others—have been little more
l

fi^u^Wng for a time, and then perhapssudden y abandoned at the whim of the rligning toKT
AnkS ’lSI headquartera

A i kk 1

jOs'^ra-Barham, and Entoto, to Addis Abbaba
dom* A^Qk** ’ Pfeseut seat of government, both for his kins-

stands on the southern slopes of the Entoto ran^ye fon

VA LUC principal noDies.

ft “ ^

M

An t;o the north-west Mount Mana-

some measure to the destruction of the forest in the neighbour-
hood, which in time exhausts the supply ot fuel and building
materials. These are now obtained from the vicinity of Mount
Managa&ha. The palace of Menelek was placed by Captain Germain
and Lieutenant Dye, of the Alarchand Mission, by astronomical
observations, in 9“ 4" N. lat., 38° 42' 50" E. long.

; but Air
Weld Blundell {Geogr. Joicrnalj vol. xv, p. 308, map) places it in
38° 66' E., which agrees with that assigned in the Italian map
by Captain Ohaurand (see Gleiohen, With the Mission to MeneliJc,
London, 1898).

In the following list will be found alphabetically arranged all

the other important Abyssinian towns legarding which there need
be given any information complementary or supplementary to that
contained in the 9th edition :

—

Addigrat, properly Add'lgrat, one of the chief markets in Tigr6,
east by north of Adua, on a fertile plain about 8000 feet above sea-
level, with a permanent population of 1500 ; to the west is the
monastery of Debra^domo, one of the most celebrated sanctuaries in
Abyssinia. Adua (or Adowa), capital of Tigre, and one of the largest
markets in Ethiopia, with a population of about 3000. It has played
a large part in recent political events, and 13 miles S.E. of here was
fought the decisive battle of 1st Maich 1896, in which the Italians
were utterly defeated, and had consequently to renounce their
claim to a protectorate over Abyssinia. Aliu-Amhci^ a laige
market in Shoa, the first station beyond Ankober, on the trade
route between that place and the Gult of Aden

;
has a permanent

pop^ation of 4000, chiefly Moslem. Awha-Mariam, a fortified
station in the province of Beghemeder, midway between Gondar
and Debra-Tabor near the north-east side of Lake Tsana, with
a population of 3000. Here is the famous shrine and church
dedicated to St. Mary, whence the name of the pla(‘e, “ Fort
St Mary.” Dehra-Berham, '‘Mountain of Light,” a former capital
of Shoa, a few miles south of Litche, on the banks of the Beresa,
an auriferous head-stream of the Jemma, a tributary of the Blue
Nile, with a population of 2600. Debra-^ Tabor, “Mount Tabor ”
the chief royal residence during the reign of King Johannes, occu-
Pi®® ® strong strategic position overlooking the fertile plains east
of Lake Tsana,

^
at a height of about 8620 feet above the sea. It

has a population of 3000, including the neighbouring station of
Samara, headqiiiarters of the Protestant missionaries in the time of
iiing Theodore. Earrar, after the withdrawal of the Egyptian
garrison, occupied in 1887 by the Abyssinians with the view

li
advanced military and trading station towards

the Gulf of Aden. Their claim to the city and surrounding terri-
tory has been recognised by international treaties, and here hav<-
recently been erected large government buildings in the European^ largest town in Abyssinia, with a settled
population estimated in 1900 at over 20, 000, mostly Mohammedans.
Harrar is now a great depot for the distribution of European wares

ma^Gap/aid
crockery, beads, &c.) amongst the surround-

throughout the southern provinces
till recently the capital of Slioa,^ market m South Abyssinia, on a terrace watered by ahead-stream of the Jemma, a few miles north of Debra-Berh^has a population of 3000. East of this place are rninsZf

Tegjdei, which, after the fall of Axum, was for a time the imperialoapit^ and gave its name to the present kingdom of Shoa.
Marys Rest,” for some time a royal residence

Tf pil^image in thekingdom of Amhara, a few miles south-west of Defra-Tabor on ahead-^ream of the Gumera, which flows east to Lake Tsana • its
‘‘Mother” and the “Son” are amon^Uhe

sanctuaries in the ivhole of Ethiopia. It^harapermanent population estimated at over 4000 Gallas

tL Mohammedans. IS one of
markets, and capital of the province of Wa^in

4“tefof tLTilbk^'wf routes on

A -iT 1
w less tnan zuuu in 1900 .

immemonal by the Amssi and Itfn r.ii.-’ from time
tbe outer worii and^s not It blw^f’ ^^own to
traveller. It knoi^, h^L^rOeoKb^^

thatbeyond Ha4ar ittn^sharply round to the west as far asL neighS^Zf Ankober.
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where it bifurcates, one branch penetrating into Shea over the Ittu
chain, the other turning south-west and reaching South Ethiopia
over a pMS in the Arussi range. By this trade route Harrar is
reached in a month from the remotest coniines of Kaffa, and in two
or three weeks from the heart of Gallaland, whereas the northern
routes through Abyssinia proper to Massawa and Assab are both
much longer and far more difficult. The chief distances are :

—

Massawa by Saati and Asmara to Adua, capital of Tigre, 104 miles

;

Adua to Sokota, converging point of several trade routes from the
coast and the interior, 110 ;

Sokota to the Italian port of Assab, 240 ;

Sokota to Basso, the great market of Gojam, near the Sboa frontier,
ISO

; Basso to Lieka, the great market of Gallaland, 120 ;
Lieka

to Bonga, the great market of Kaffa, 115 ; Bonga to Harrar over
the Arussi Bange, 270 ;

Hariar to the coast at Zeila and Jibuti,
192 and 130.

The Ethiopian uplands appear to have been originally peopled
by the eastern branch of the Hamitic family, which has occupied

PoDulailon region from the remotest times, and still consti-
tutes the great bulk of its inhabitants. But their

domain was encroached upon probably in the Stone Age, but
certainly before the historic period, both by the uncultured negroes
of the White Nile and by the cultured Himyaritic Semites from
South Arabia. The presence of these elements is still conspicuous,
especially in North Ethiopia, where the blends between blacks,
Hamites, and Semites are so numerous and widespread that the
natives, who call themselves Itiojnavian (‘‘Ethiopians”), are
known to the Arabs as Habashi (“ mixed whence our terms
“Abyssinia” and “ Abyssinians." Throughout historic times the
politically dominant people have been the Semitic Himyarites,
who, however, have failed to preserve their racial purity, and have
gradually been merged in varying proportions with their Hamitic
subjects in the present Abyssinian nationality, whose very dark
skin, crisp or curly black hair, and some other physical traits, also
betray a distinct strain of black blood. The prevailing colour in
the central provinces (Amhara, Gojam) is a deep brown, which
shades northwards (Tigre, Lasta) to a light olive, and even fair

complexion, and southwards (Shoa, Kobho, Amuru) to a decided
chocolate and almost sooty black. Many are distinctly negroid,
with tumid lips, small nose, broad at base, and frizzly or
ringlety black hair. But the majority may be described as
a mixed Hamito-Semitic people, who belong unquestionably to
the Caucasic division of mankind. Several of the indigenous
groups, such as the Khamtas of Lasta, the Agaos of A^omider
(“ Agaoland ”), the Judaizing Falashas, the Khamants of Dembea,
still speak rude dialects of the old Hamitic tongue, whose affinities

ndth the Galla, Somal, Afar, Beja, E^ptian, and Berber have now
been established. But the official language and that of all the
upper classes is Semitic, derived from the ancient Himyaritic,

which is the most archaic member of the Semitic linguistic family.

It was introduced with the first immigi’ants from Yemen; and
although no longer spoken, the Geez, as it is called, is still studied

as the liturgical language of the Abyssinian Christians. Its litera-

ture consists of numerous translations of Jewish, Greek, and
Arabic works, besides a valuable version of the Bible dating

apparently from the 4th century, when Christianity was introduced

by Frnmentius of Alexandria. Its best modern representative is

the Tigriha of Tigr4 and Lasta, which is much purer but less

cultivated than the Amharic dialect, which is current in the cen-

tral and southern provinces, and much affected by Hamitic ele-

ments. All are written in a peculiar syllabic script which, unlike

all other Semitic forms, runs from left to right, and is derived

from that of the Sabaeans and Minseans, still extant in the veiy old

rock inscriptions of South Arabia. The identity has been fully

established by the palaeographio studies of Bent, Mordtmann, D. H.
Muller, and other arohseologists. The heterogeneous elements

entering into the constitution of the Abyssinians are reflected in

their political and social institutions, and especially in their reli-

gious beliefs and practices. On a seething mass of African

heathendom, already in early times affected by primitive Semitic

ideas, was suddenly imposed an undeveloped form of Christianity

in the 4th century. While the various ethnical elements have

been merged in the composite Abyssinian nation, the primitive

and more advanced religious ideas have nowhere been nised in a

uniform Christian system. Even the social system is marked by

crude notions of justice and absurd “ Shamanistic ” practices, tem-

pered by a few elevated moral precepts. Foreigners are often

surprised at the strange mixture of savagery and lofty notions in a

Christian community which, for instance, accounts accidental

manslaughter as wilful murder. Breams, also, are still resorted to

for detecting crime. A priest is sent for, and, if his prayers and

curses fail, a small boy is drugged, and “whatever person he

dreams of is fixed on as the criminal. ... If he does not dream of

the person whom the priest has determined on as the criminal,

he is kept under drugs until he does what is required of him ”

1 From Arabic root, hahashet, to collect,^ gather, mingle. The

derivation has been questioned, but on insufficient grounds.
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(Count Gleichen, With the Mission to Menehk, 189S\ Btfuie
Menelek’s predecessor, Johanne^ the lylonophysite Abyssinian
Church had only one abicjia (patriaiclij, always a Copt, and al\\a}S
consecrated by the patriarch of Alexandria. But Johannes laised

the number to three, one each lor the then vassal states of Gojam
and Shoa, and one for his ovrn kingdom of Tigre, with the title of
metropolitan. Alter his death the bishop of Shoa claimed bUpreme
jurisdiction, and to settle the question of supremacy Meiielek
created two abunas, so that the Abyssinian Church boasts of two
primates, ^(See also Abyssinian Chuhch. )

The Negus Nagasti is an absolute monarch scarcely controlled in
the exercise of unlimited authority even by the adat (custom, oral

code) respected by most eastern despots. Menelek, -
whose treatment of his Galla and Somali subjects is

well spoken of by Wellby and other travellers, governs
his own kingdom of Shoa directly, and the other vassal Abyssinian
kingdoms indirectly through their several ras (“ heads,” “ chiefs ”),

all supreme within their respective jurisdictions. The outlying
southern provinces are administered by governors who are

appointed by the Negus, and who generally seek the aid of the
hereditary local chiefs in maintaining order, levying the irregidar

forces, and collecting tribute. Under the governors are the dejaz-

mach and kanyazmach (leaders of right and left wings in the
army), and under these fit-worari (literally “rhinoceros-horn,

”

or leaders of the advanced guard), who, like the Boer field-cornets, are

expected to lead the tribesmen when summoned to fight. Abys-
sinia can put 300,000 men into the field, 240,000 of them armed
with rifles. The emperor keeps court with a certain barbaric pomp,
assisted by the azaj (master of ceremonies), alaka (lord of the
treasury), inuslinu (receivers of tribute), and other dignitaries.

The Abyssinian OaUndar is as follow's :—The Abyssinian year of
365 days (366 in leap year) begins on the 1st of Maskarram, which
corresponds to about our 10th of September. Their months have
thiri^ days each, and are thus named: Maskarram, Tekemt,
Hadar, Tahsds, Tarr, Yekatit, Magawit, Midziah, Genbot, Sanni,
Hamle, Nas'hL The remaining five days in the year, termed
Bagmen or Quaggimi (six in leap year—leap day being named
Kadis Yohannis), are put in at the end and treated as holidays.

The week-days correspond to ours, but are a week behind: their

Easter Sunday is seven days behind ours. Their reckoning is

about seven years eight months behind ours ; our New Year’s
Day 190X would be about the 21st Tahsas of their 1893, and their

New Year’s Day 1894 would be about our 10th September 1901.

(a. H. K.)

II. History.

Since the publication in 1875 of the article on Abyssinia,

in the 9th edition of the EncyclopcBdia BHiannica, the

centre of interest in this country has shifted from the

northern to the southern provinces
5
and several sources

of information, not then available, have been opened to

us. We make therefore no apology for glancing at the

earlier history of Shoa, and bringing up to the date of

the British Expedition (1867) a sketch of the internal

history both of Northern and Southern Abyssinia before

proceeding with the more recent history.

For the last 200 years and more Abyssinia has been a

conglomeration of provinces and districts, ill defined, loosely

connected, and generally at war with each other. Of these

the three chief provinces have been Tigre (northern),

Ajnhara including Gondar (central), and Shoa (southern).

The seat of government, or rather of overiordship, has

usually been Amhara ;
the ruler of which, calling himself

Negfis Nagasti (king of kings, or emperor), has exacted

tribute, when he could, from the other provinces. The
question of succession as Negds Nagasti has been largely

dependent on the blood in the veins of the claimant. All

the Emperors have based their claims on their direct

descent from Solomon and the queen of Sheba ; but it is

needless to say that in many, if not most, cases their

success has been due more to the force of their arms than to

the purity of their lineage. Some of the rulers of the larger

provinces have at times been given, or given themselves,

the title of Negfis or king, so that on occasions as many
as three, or even more, Negfises have been reigning at the

same time ;
and this must be borne in mind by the student

of Abyssinian history in order to avoid confusion of rulers.

The w’hole history of the country is one gloomy

record of internecine wars, barbaric deeds and unstable



16 ABYSSINIA [histoey

governiDents, of adventurers usurping thrones, only to be

themselves unseated, and of raids, rapine, and pillage.

Into this chaos enter from time to time broad rays of

.'‘Un>hine, the efforts of a few enlightened monarchs to

evolve order from disorder, and to supply to their people

the blessings of peace and civilization. Bearing these

matters in mind, we find that during the 18th century

the most prominent and beneficent rulers were the

Emperor Yesu of Gondar, who died about 1720, Sebastie,

Yegus of Shoa (1703-18), Amada Yesiis of Shoa, who
extended his kingdom and founded Ankdber (1743-74),
Tekla Giorgis of Amhara (1770-98?) and Asfa 17assen

of Shoa (1774-1807), the latter being especially renowned
as a wise and benevolent monarch. The first years of the
19th century were disturbed by fierce campaigns between
Guxa, Eas of Gondar, and IVolda Selassie, Ras of Tigre,

who were both striving for the crown of Guxa’s master,
the Emperor Eguala Izeion. Wolda Selassie was eventu-
ally the victor, and practically ruled the whole country
till Ms death in 1816 at the age of eighty. Mention must
here be made of the first British mission, under Lord
\aientia and Mr Henry Salt, which was sent in 1805 to
conclude an alliance with Abyssinia, and obtain a port on
the Red Sea in case France secured Egypt by dividing up
the Turkish empire with Russia, This mission was suc-
ceeded by many travellers, missionaries, and merchants of
all countries, and the stream of Europeans continued until
well into Theodore's reign. To Wolda Selassi4 succeeded
Sabdgadis of Agame, by force of arms, and as Ras of Tigre
he introduced various Englishmen, whom he much admired,
into the country. He improved the prosperity of his land
considerably, but by so doing roused the jealousy of Ras
Marie of Amhara—^to whom he had refused tribute—and
XJbie, sou of Hailo Mariam, a governor of Simen. In an
ensmng battle (in January 1831), both Sabagadis and
Mane were killed, and Ubie retired to watch events from
his Qvm province. Marie was shortly succeeded in the
^i^ship of Amhara by Ab, a nephew of Guxa and a
Mohammedan. But Ubie, who was aiming at the crown
soon attacked Ras All, and after several indecisive cam-
paigns proclaimed himself Hegffs of Tigr6. To him

many French travellers, chief of whom were
Lieut. Lefebyre, charged with poHtical and geographical
nussions, and Captains Galimier and Ferret, who com-
pleted for him a useful triaugulation and survey of TW
and Simen (1840-42).

®

yorthera Abyssinia was now divided into two camps
the one, Amhara and Ras AH, under Protestant BritiSi!

^ j
hostUity between the two^faons threaten^ at one tune to develop into a religious

Ti?
campaigns took place until Kassa

( ater Th^ore) appeared on the scene. Kassa (6. 1818)
a western district of Amhara^by hib talent and energy rapidly came to the front Uc^uenoe of the arr^t of his brother BHawa byiSAll, he raised the standard of revolt against the latterand, coUectmg a large force, repeatedly beat the troopshat were sent against him by the Eas (1841-47') L

M <ie*™ent of both 1^W «
these two prmces combined against himbut were heavily defeated by him at GorgOTa fon^^

to B ^ ritreat^

evenS’vS^'^ Begemeder, where heovemmaiiy cUeo. ICassa now ruled in AmBa-no i,*

ambition yw to attain to supreme power and he turned

remained unsubdued. Berro, Ras of Gojam, in order to

save himself, attempted to combine with Tigre, but his

army was intercepted by ICassa and totally destroyed,

himself being taken prisoner and executed (May 1854).

Shortly afterwards Kassa moved against Tigr^, defeated

Ubie’s forces at Deragie, in Simen (February 1855), took
their chief prisouer and proclaimed himself iSTeglis Nagasti
of Ethiopia under the name of Theodore. He now turned
his attention to Shoa.

Retracing our steps for a moment in that direction, wo
find that in 1813 Sahela (or Sella) Selassie, younger son
of the preceding Ras Wassan Seghed, had proclaimed him-
seK Negus or king. His reign was long and beneficent.

He restored the towns of Debra Brehan and Angolola,
and founded Entoto, the strong stone-built town whose
ruins now overlook the modern hut-capital of Addis
Abbaba. In the terrible '^famine of St Luke" in 1835,
Selassie still further won the hearts of his subjects by

^ wise measures and personal generosity; and by extend-
ing his hospitality to Europeans, he brought his country
within the closer ken of civilized Eurojjean Powers.
During his reign he received the missions of Major
Harris (1841) and M. Rochet d'Hericourt (1843), with
both of whom he concluded friendly treaties on b<.‘-

haH of their respective governments. He also wrote to
Pope Pius IX., asking that a Roman Catholic bishop
should be sent to him. This request was acceded to,
and the Pope despatched Monsignor Massaja to Shoa!
But before the prelate could reach the country, Selassie
was dead (1847), leaving his eldest son, Hailu Melekot
to succeed him. Melekot at once proclaimed himself
Negus, and by sending for Massaja, who had arrived at
Gondar, gave rise to the suspicion that he wished to
have himself crowned as emperor. By increasing his
dominions at the expense of the Gallas, he still further
rous^ the jealousy of the Northerners, and a treaty

TOKA j
^ concluded with Ras Ali against Kassa in

1850, determined the latter to crush him at the earliest
opportunity.

:aus it was that in 1855 Kassa, under the name
ot the Emperor Theodore, advanced against Shoa witli a
large amy. Dissensions broke out among the Shoans^d after a desperate and fatile attack on Theodore at
Debra Brehan, Hailu Melekot died of exhaustion and

m “g breath his eleven-year-dd son Menelek as successor (November 1855). Darghe
Hailu s broker took charge of the young prince, but

a hard fight -mth Angeda, one of Theodore’s Eases,

aTi&i 1° capitulate. Menelek was handed over to

se^e^’
Gondar and there traiued in Theodore’s

Asfa Nassea d, 1807

Wassan Seghed = Woizero Zenebe Work
1811 ‘

Becurraye = Woizero Betsabesh

Hailu Melekot = Eiigayu Siefn
(1825-1865)

'

Menelek
6. 1844 = Taitu

(1826-1860)

Masiasha

Darghe
6. 1827

1 son
(dead)

Zauditu
(Judith)

Tanina Work
(daughter)
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On the retirement of the Northerners, Siefn, another
brother of Hailn, proclaimed himself Negus of Shoa at
Ankdber, and beat the local representatives of Theodore’s
Government. The emperor returned, however, in 1858,
and after several repulses, succeeded in entering Ankdber,
where he behaved with great cruelty, murdering or muti-
lating all the inhabitants. Siefu kept up a gallant defence
for two more years, but was then killed by Kebret, one of
his own chiefs. Thus chaos again reigned supreme in

Shoa. In 1865, Menelek, now a Dejazmach of Tigre,

took advantage of Theodore’s difficulties with the British

Government, and escaped to Workitu, queen of the Wollo
Galla country. The emperor, who held as hostage a son
of Workitu, threatened to kill the boy unless Slenelek
were given up* but the gallant queen refused, and lost

both her son and her throne. The fugitive meanwhile
arrived safely in Shoa, and was there acclaimed as

Negus. Bor the next three years Menelek devoted himself

to strengthening and disciplining his army, to legislation,

to building towns, such as Litche (near Debra Brehan),

Worra Hailu (Wollo Galla country), &c., and to repelling

the incursions of the Gallas. On the death of Theodore ^

(13th April 1868), many Shoans, including Has Darghe,

were released, and Menelek began to feel himself strong

enough, after a few preliminary minor campaigns, to

undertake offensive operations against the northern

princes. But these projects W'ere of little avail, for

another Kassa, an adventurer of Tigre, had by this time

(1872) risen to supreme power in the north. With the

help of many rifles and guns, presented to him by the

British in return for his help in the campaign, he had
beaten Eas Bareya of Tigre, Wagshum Gobassie of

Amhara, and Tekla Giorgis of Gondar, and after pro-

claiming himself Negtls Nagasti under the name of

Yohannes or John, was now preparing to march on

Shoa. Here, however, Menelek was saved from probable

destruction through the action of Egypt. This Power

had, by the advice of Munzinger, their Swiss governor

of Massawa, seized and occupied in 1872 the northern

province of Bogos
;
and, later on, insisted on occupying

Hamasen also, for fear Bogos should be attacked. John,

after futile protests, collected an army, and with the

assistance of Eas Walad Mikael, hereditary chief of

Bogos, advanced against the Egyptian forces, who were

under the command of one Arendrup, a Dane. Meeting

near the Mareb, the Egyptians were beaten in detail, and

almost annihilated at Gundet (13th November 1875). An
avenging expedition was prepared in the spring of the

following year, and, numbering 14,000 men under Eatib

Pasha, Loring (American), and Prince Hassan, advanced

to Gura and fortified a position in the neighbourhood.

Although reinforced by Walad Mikael, who had now
quarrelled with John, the Egyptians were a second time

(25th March 1876) heavily beaten by the Abyssinians, and

retired, losing an enormous quantity of both men and

rifles. Colonel Gordon, governor-general of the Sudan,

was now ordered to go and make peace with John, but

the king had moved south with his army, intending

to punish Menelek for having raided Gondar whilst he,

John, was engaged with the Egyptians.

Menelek’s kingdom was meanwhile torn in twain by

serious dissensions which had been instigated by his con-

cubine Bafana. This lady, to whom he was much attached,

had been endeavouring to secure the succession of one of

her own sons to the throne of Shoa, and had almost suc-

ceeded in getting rid of Mashasha, son of Siefu and cousin

of Menelek, who was the apparent heir. On the approach

of John, the Shoans united for a time against their

1 For details of Theodore’s life and the British expedition, v.

JSnc^, 9th edition.

common enemy. But after a few skirmishes they melted
away, and Menelek vas o})liged to submit and do obeisance

to John. The latter behaved with much generosity, but

at the same time imposed terms which effectually deprived

Shoa of her independence (March 1878). In 1879 Gordon
was sent on a fresh mission to John on behalf of Egypt ;

but he wns treated with scant courtesy, and w'as obliged

to leave the country without achie\ing anything per-

manent.

The Italians now’- come on the scene. Assab, a port

near the southern entrance of the Eed Sea, had been

bought from the local Sultan in 1869 by an Italian com-
pany, which, after acquiring more land in 1879 and 1880,

was bought out by the Italian Government in 1882. In
this year Count Antonelli was despatched to Shoa in order to

improve the prospects of the colony by treaties with Menelek
and the Sultan of Aussa. Several missions follow^ed upon
this one, with more or less successful results

;
hut both John

and Menelek became uneasy when Beilul w*as occupied

by the Italians in January 1885, and Massawa taken over

by them from Egypt in the following month. This latter act

W'as greatly resented by the Abyssinians, for by a treaty con- >

eluded with a British and Egyptian mission under Admiral
Hewett and Mason Pasha ^ in the previous year, free transit

of goods was to be allowed through this port. Matters

came to a head in January 1887, when the Abyssinians,

in consequence of a refusal from General Gene to with-

draw his troops from Waa and Tula, surrounded and
massacred 400 Italian troops at Dogali. Eeinforcements

were sent from Italy, wffiilst in the autumn the British

Government stepped in and tried to mediate by means of

a mission under Mr (afterw^ards Sir Gerald) Portal. His
mission, however, proved abortive, and after many difficulties

and dangers he returned to Egypt at the end of the year.

In April 1888, the Italian forces, numbering over 20,000
men, came into touch wdth the Abyssinian army ;

but

negotiations took the place of fighting, with the result

that both forces retired, the Italians only leaving some
5000 troops in Eritrea, as their colony w*as now called.

Meanwhile John had not been idle with regard to the

Dervishes. Although he had set his troops in motion too

late to relieve Kassala, Eas Alula, his chief general, had
succeeded in inflicting a handsome defeat on Osman Digna

at Amideb in July 1887. A large force of Dervishes had,

however, entered and sacked Gondar in April 1887, and

to avenge this John took the field in force against the

enemy, who were still harassing the north-w’est of his

territory. A great battle ensued at Gallabat, in which the

Dervishes, under Zeki Tumal, w*ere at first beaten. But

a stray bullet pierced John’s heart, and his men fled,

leaving camp and stores, besides the body of their emperor,

in the hands of the enemy (9th March 1889).

Immediately the news reached Menelek he proclaimed

himself emperor, and received the submission of Gondar,

Gojam, and several other provinces. In common with

other northern princes, ]Mangasha, reputed son and heir

of King John, and Eas Alula, refused to acknowdedge the

sovereignty of Menelek, but on the latter marching against

them in the following January wdth a large army, they

submitted. As it happened, Count Antonelli was with

Menelek when he claimed the throne, and promptly con-

cluded with him on behalf of Italy a friendly treaty, to

be known hereafter as the famous Uccialli treaty. In

consequence of this the Italians occupied Asmara, made

friends with Mangasha^ and received Eas Makunnen,®

2 The main object of this mission was to seek John’s assistance in

evacuating the Egyptian garrisons in the Sudan, which were threatened

by the Dervishes.

Bas of Harrar, which province had been conquered and occupied

by Menelek in January 1887.

S. I. — 3
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Menelek's nephew, as his plenipotentiary m Italy. Thus

it seemed as though hostilities between the two countries

had come to a definite end, and that iieace was assured

in the land. For the next three years the land was

fairly quiet, the chief political events being the conven-

tion (6th February 1891) between My Abyssinia,

protocols between Italy and Great Britain (24th

15th April 1891), and a proclamation by Menelek (IQth

April 1891). all on the subj ect of boundaries.
_

As, however,

the Italians became more and more friendly witli Mangasna

and Ti^re the apprehensions of Menelek increased, till at

last in February 1893, he wrote denouncing the Uccialli

treaty, which differed in the Italian and Amharic versions.

According to the former, the Negtis was bound to make

use of Italy as a channel for communicating with other

Powers, whereas the Amharic version left it optional.

])feanwhile the Dervishes were threatening Eritrea. A
fine action by Colonel Arimondi gained Agordat for Italy

(21st December 1893), and a brilliant march by Colonel

Baratieri resulted in the acquisition of Kassala (17th July

1894). But on his return Baratieri found that Mangasha

was intriguing with the Dervishes, and had actually

crossed the frontier with a large army. At Koatit and

Wenafe (13th to 15th January 1895) Mangasha v^ras met

and heavily defeated by Baratieri, who occupied Adigrat in

[March. But as the year wore on the Italian commander

pushed hisforces unsupported too far to the south. Menelek

was advancing with a large army in national support of

^langasha, and the subsequent reverses at Amba Alagi (7th

December 1895) and Makalle (23rd January 1896) forced

the Italians to fall back.

Reinforcements of many thousands were meanwhile

arriving at Massawa, and in February Baratieri took the

Held at the head of over 13,000 men. Menelek^s army,

amounting to about 90,000, had during this time advanced,

and was occupying a strong position at Abba Garima, near

Adua. Here Baratieri attacked him on the 1st March,

but the difficulties of the country were great, and one of

the four Italian brigades had pushed too far forward.

This brigade was attacked by overwhelming numbers, and
on the ^en^aining brigades advancing in support, they were

successively cut to pieces by the encircling masses of the

enemy. The Italians lost nearly 4000 killed and wounded
and 2000 prisoners, whilst the Abyssinians owned to a loss

of over 3000. General Baldissera advanced with a large

body of reinforcements to avenge this defeat, but the

Abyssinians, desperately short of supplies, had already

retired, and beyond the peaceful relief of Adigrat no
further operations took place. It may here he remarked
that the white prisoners taken by Menelek were exceedingly
well treated by him, and that he behaved throughout, as
he has ever since, with the greatest humanity and dignity,

A peace was signed at Addis Abhaba in the following
October, and negotiations on the question of frontiers were
commenced, which were only brought to a conclusion in
the autumn of 1900*

This war, so disastrous to Italy, attracted the attention
of all Europe to Abyssinia and its monarch, and numer-

ous missions, two Russian, three French, and one British,

were despatched to the country and hospitably received

by Menelek. The British one, under Mr (now Sir)

Rennell Rodd, concluded a friendly treaty with Abyssinia

(15th May 1897), but did not, except in the direction

of Somaliland, touch on frontier questions, which still

form a subject of discussion. During the same year a

small French expedition under Messrs Clochette and

De Bonchamps endeavoured to reach the Nile, but,

after surmounting many difficulties, stuck in the marshes

of the Upper Sobat and was obliged to return. Another

expedition of Abyssinians, under Dejaj Tasamnia, and

accompanied by three Europeans—a Frenchman, a Swiss,

and a Russian—started early in 1898, and reached the

Nile at the Sobat mouth in June, a few days only before

Major Marchand and his gallant companions arrived on

the scene. But no contact was made, and the expedition

returned to Abyssinia. In the same year (1898) Menelek

proceeded northwards with a large army, for the purpose

of chastising Mangasha, who was again rebelling against

his authority. After some trifling fighting Mangasha sub-

mitted, and Ras Makunnen despatched a force to subdue

Beni Shangul, the chief of which gold country, Wad Tur

el Guri, was showing signs of disaffection. This effected,

the Abyssinians almost came into contact with the

Egyptian troops sent up the Blue Nile (after the occupa-

tion of Khartum) to Famaka and towards Gallabat. }3ut

as both sides were anxious to avoid a collision, no hostile

results ensued, and matters remain on a friendly footing

between the nations. Negotiations and surveys on the

subject of frontiers were in progress, and were likely to bo

brought to a successful conclusion, in 1901.

Since 1897 British influence in Abyssinia, owing
largely, no doubt, to the conquest of the Sudan, the de-

struction of the Dervish power, and the result of the

Fashoda incident, has been sensibly on the increase. But it

remains to be seen whether any European influence will

be of much avail after the demise of the present enlightened
emperor, or whether Abyssinia will relapse into the state

of anarchy and desolation which has characterized so much
of her history.
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Abyssinian Church•—^As the chronicle of
Axum relates, Christianity vfas adopted in Abyssinia
in the 4th <Mntury. Alont 330 a.d. Fmmentins was
made first Biriiop of Bthiopia by Athanasius, patriarch
of Alexandria. Cedrenus and Nicephorus err in dating
Abyssinian Christianity from Justinian c, 542. From
Fnmentius to the present day, with one break, the Metro-
politan has always berai appointed from Egypt, and, oddly
enough, he is always a foreigner. Little is known of

dmrch history down to the period of Jesuit rule, which
broke the connexion with Egypt from about 1500 to 1633.
But the Abyssinians rejected the Council of Chalcedon,
tod still remain monophysites. Union with the Coptic^mch (g.v.) continued after the Arab conquest in Egypt.
Alu S^uh records (12tb century) that the patriarch used
always to send letters twice a-yeartothe kings of Abyssinia
and Nubia, till A1 HMdm stopped the practice. Cyril, 67th
patriarch, sent Sevems as bishop, with orders to put down
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polygamy, and to enforce observance of canonical con-
secration for all clmrches. These examples show the
close relations of the two churches in the Middle Ages.
]3ut late in the 15th century, the church was taken captive
by a Portuguese mission. In 1439 an Abyssinian embassy
to Home had resulted in the despatch of a mission under
Alvarez. Later, Ignatius Loyola wished to essay the task
of conversion, but was forbidden. Instead, the Pope sent
out Barret as patriarch of the East Indies, with Oviedo as
bishop

; and from Goa envoys went to Abyssinia, followed
by Oviedo himself, to secure the king’s adherence to Home.
After repeated failures some measure of success was
achieved, but not till 1604 did the king make formal
submission to the Pope. Then the people rebelled and
the king was slain. Fresh Jesuit victories were followed
sooner or later by fresh revolt, and Homan rule hardly
triumphed, when once for all it was overthrown. In 1633
the Jesuits were expelled and allegiance to Alexandria
resumed.

There are many early rock-cut churches in Abyssinia,

closely resembling the Coptic. After these, two main
types of architecture are found—one basilican, the other

native. The cathedral at Ajcum is basilican, though the

early basilicas are nearly all in ruins

—

e.g.^ that at Adulis

and that of Martula Mariam in Gojam, rebuilt in the 16th

century, on the ancient foundations. These examples show
the influence of those architects who, in the 6th century,

built the splendid basilicas at Sana and elsewhere in Arabia.

Of native churches there are two forms—one square or

oblong, found in Tigre; the other circular, found in

Amhara and Shoa. In both, the sanctuary is square and
stands clear in the centre. An outer court, circular or rect-

angular, surrounds the body of the church. The square

type may be due to basilican influence, the circular is

a mere adaptation of the native hut : in both, the arrange-

ments are obviously based on Jewish tradition. Church
and outer court are usually thatched, with wattled or

mud-built walls adorned with rude frescoes. The altar

is a board on four wooden pillars having upon it a small

slab (tabut) of alabaster, marble, or shittim wood, which

forms its essential part. At Martula Mariam, the “wooden !

altar overlaid with gold had two slabs of solid gold, one

500, the other 800 ounces in weight. The ark kept at

Axum is described as 2 feet high, covered with gold and

gems. The liturgy was celebrated on it in the king’s

palace at Christmas, Epiphany, Easter, and Feast of the

Cross.

Generally the Abyssinians agree with the Copts in ritual

and practice. The LXX. version was translated into Geez,

the literary language, which is used for aU services, though

hardly understood. Saints and angels are highly revered,

if not adored, but graven images are forbidden. Fasts

are long and rigid. Confession and absolution, strictly

enforced, give great power to the priesthood. The clergy

must marry, but once only. Pilgrimage to Jerusalem is a

religious duty and covers many sins. (See also under

Abyssinia.)

Authorities.—Tellez. Eistoria de Ethiopia. Coimbra, 1660.

—Alvarez. Trans, by Lord Stanley of Alderley. London, 1880.—
Ludolphus. EistoryofEthiopiaj\jOJid.OTif 1684, and other works.

—T. Wrioht. Christianity of Arabia. London, 1855.—C. T.

Bbxe. ** Christianity among the Gallas,” Brit. Mag. London,

1847.—J. C. Hotten. Abyssinia Described. London,^ 1868.

—

“Abyssinian Church Architecture,” Royal. Inst. Brit. Arch.

Transactions, 1869. Ibid. March l%^1.—Arch(sologia,

vol. xxxii. (a.. J. B.)

Academy, French.—The history of the French

Academy has continued its tranquil course since

1875, marked perhaps in later years by a greater

desire to respond to the purely literary dictates of its

FRENCH
composite conscience. Its elections, under the HepubUc,
have been social functions of a highly fashionable char-

acter. One alteration in its method^ has to be chronicled

in 1869 it became the custom to discuss the cLiinus of the

candidates at a preliminary meeting of the members. In
1880, on the instance of the philosopher Caro, su})ported

by A. Dumas tils, and by the aged Desire Xisard, it wa.>

decided to abandon this method, w’-hich led to great

inconvenience in practice. A point upon which much
stress is often laid, and regarding which the most in-

accurate statements are put forth, is the degree in which,

since its foundation, the French Academy has or has not

rei)reseuted the best literary life of France. On this

subject it may be well to supply some supplementary

information. It appears from an examination of the lists

of members that a surprising number of authors of the

highest excellence have, from one cause or another, escai)ed

the honour of academic ‘‘immortality.” 'When the

Academy was founded in 1634, the moment W’as not a

very brilliant one in French letters. Among the fort}

original members w’e find only ten who are remembered
ill literary history; of these there are four who may
reasonably be considered famous still—Balzac, Chapelain,

Hacan, and Yoiture. In that generation Scarroii was
never one of the forty, nor do the names of Descartes,

!MalebrancIie, or Pascal occur
;

it must not be sup^iosed that

any lack of honour was intended to these philosophers,

but the French Academy had not come to consider its

doors open to this class of writers. The duke of Hoche-

foucauld declined the honour from a proud modesty, and

Hotrou died too soon to be elected. The one astounding

omission of the 17th century, however, is the name of

Molibre, w'ho was excluded by his profession as an actor.

On the other hand, the French Academy was never more

thoroughly representative of letters than when Boileau,

Corneille, La Fontaine, Hacine, and Quinault were all

members of its body. Of the great theologians of that

and the subsequent age, the Academy contained Bossuet,

Flechier, Fenelon, and Massillon, but not Bourdaloue. La
Bruyfere and Fontenelle were among the forty, but not

Saint-Simon, whose claims as a man of letters were

unknown to his contemporaries. Early in the 18th

century almost every literary personage of eminence

found his place naturally in the Academy. The only

exceptions of importance were Yauvenargues, who died

too early for the honour, and two men of genius of dubious

social position, Lesage and the Abbe Prevost d’Exiles.

As the Hevolution approached, the jiersonnel of the

Academy became greatly disturbed, Montesquieu and

Yoltaire belonged to it, but not Housseau or Beaumarchais.

Of the Encyclopaedists, the French Academy opened its

doors to D’Alembert, CondorcQt, Yolney, Marmontel, and

La Harpe, but not to Diderot, Hollin, Condillac,

Helvetius, or the Baron d’Holbach. It is to be supposed

that the claims of Turgot and of Quesnay did not ax)pear to

the Academy sufficiently literary, since neither was elected.

In the transitional period, w^hen the social life of Paris

was distracted and the French Academy provisionally

closed, neither Audr6 Chenier nor Benjamin Constant, nor

Joseph de Maistre became enrolled among its members.

In the early years of the 19th century considerations of

various kinds excluded from the ranks of the forty the

dissimilar names of Lamennais, Prudhon, Comte, and

Beranger, Critics of the French Academy are fond of

pointing out that neither Stendhal, nor Balzac, nor

Thdophile Gautier, nor Flaubert, penetrated into the

Mazarine Palace. It is not so often remembered that

writers so academic as Thierry, and Michelet,^ and Quinet,

suffered the same exclusion. In later times neither

Alphonse Dandet nor Edmond de Goncourt, Guy do
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Maupassant nor Ferdinand Fabre, lias been among the

fniiy immortals. The non-election, after a long life of

dIi^tinctir^n, of the scholar Fustel cle Coulanges, is less easy

to account for. Verlaine, although a man oi great genius,

'vvas an cK*imple of the kind of person no academy can

e\er be expected to recognize. Of the degree in which

the French Academy rejjresented the highest literary

ability during the last qiiaiter of the 19th century, an

exaiuiuatiuii of the following facts will offer evidence.

the forty members w^ho composed its body at the

close of 1875 only three w’ere still alive in the summer
1901. These w^ere M. Ernest Legouve, who was

elected so long ago as 1855; M. Emile Ollivier, elected

on the 7th of April IS70, but, in consequence of the

intractability of his political opinions, never formally

received
;
and M. Mezieres, elected in 1874, The first

death to occur in the Academy w^as that of Patin ; he was
succeeded in June 1876 by the distinguished Latinist,

M. Gaston Boissier. To succeed the poet Autran, M.
’\’’ictorien Sardoii w'as elected on the 7th of June 1877

;

his success w’as hotly contested by the duke of Audi&et-
Pdsquier, and one vote transferred would have annulled
the election. In 1878, at the death of Thiers, his seat was
taken by Henri Martin, that of Bernard by Ernest Henan,
and that of Loinenie by Taine. In December of that
year, at the death of Dupanloup, no opposition was offered
to the duke of Audiffret-Pasquier, although he was in the
unique i>osition of having never published anything of a
literary character. For two years there was no change in
the composition of the French Academy, but in 1880
several new names were added; Maxime du Camp
succeeded to Saint-Eene Taillandier, Labiche to Sacy, and
M. Eousse to Jules Favre. In 1881 the absence of the
younger poets from the Academy, which had been much
commented on, w^as reformed by the election of M. SuUy-
Prudhomme in the place of Duvergier de Hauranne. In
the isame year Pasteur followed Littr4, and Cherbuliez
Dufaure. At the death of the poet Barbier, Perraud,
bishop of Autuji, was unanimously elected in 188S; later
on in the same year Pailleron replaced Charles Blanc and
Mazade Champaguy. At the death of Sandeau, the
popular writer, Edmond About, was elected to take his
place, but died (January 1885) too soon to be received.
The elections in the latter part of 1 SS4 were more numerous
than they had been, in a similar period, within the
memory of man. M. Coppee had been admitted in
February to take the place of the poet Laprade, The
winter elections of 1884 included Lesseps in the room of
Martm, Duruy in that of Mignet, Bertrand in that of J
B. Dmas, and M, Halevy in that of the count of Haus-
bonvUle. After this extraordinary influx the Academy

f iomfautemh had

Jf
of About was taken by Ldon Say; that

V by Leconte de Lisle •

oni,??®
by Edouard Herve

; and thatof the count of Falloux by M. Greard. The phnosopher
Caro liaymg ched (July 1887), he was replaced W the Ws-tonan, Co^t Othemn of HaussonvUle in 1888. The mostaged memoir of the Academy, Viel-Castel, who had beenIwm m 1800, died 4th Oct. 1887, mi wm succSL W

f 1 Labiche (d. Jan. 1888) was

\
“'I Nisard (d. 25th March

VogflAall these in 1888.

tSy October 1889, his
^>^®yobiet, after a prolonged

1890), three novelists contended for hm»»t—Emile Zol% Ferdinand Pabre, and Pierre Loti At
Je first voting M. 2k>]a stood at the top ofS poil at theMxth scrutiny Pierre Loti was declared elected. ^M.’ Ernest

Lavisse, the historian, succeeded Admiral de la Graviere in

1892. In 1893, after the death of Xavier Marmier,

Viscount Henri de Bornier, the poet, who had been

a constant applicant for several years, was at length

elected by a large majority. M. Thureau-Dangin on the

same day succeeded Kousset
;
in March ChallemeLLacour

followed Eenan (died October 1892); and in June AI.

Brunetiere the critic, the journalist John Lemoinne. It

proved impossible for the Academy to come to any
understanding about the fauteuil of Taine (who died Alaicli

1893), and the election was therefore postponed. In the
meantime Mazade died, and was replaced by the jjoct

Heredia, in February 1894. Finally, after what seemed an
endless struggle, the historian, M. Albert Sorel, secured in
May 1894 the vacant fauteuil of Taine; and M, Paul
Bourget was elected on the same day to succeed Du Camp.
Later elections to the French Academy have been as
follows*, in 1894, M. Henry Houssaye; in 1895, Al.

Jules Lemaltre; in 1896, MM. Anatole France, the
Marquis Costa de Beauregard, Gaston Pans, Andre
Theuriet, and Albert Vandal; in 1897, the count de
Mun and M. Gabriel Hanotaux; in 1898, the sculptor
M. Eugene GuiUaume, and the farce-writer M. Henri
Lavedan

; in 1899, the politician M. Paul Deschanel
;

in 1900, the novelist M. Paul Hervieu and the critic
M. Emile Faguet, both elected on the 15th of February,
and on the 28th of June, M. Berthelot; in 1901,'
the Marquis de Vogu6, the archaeologist, and M. Edmond
Eostand, the poet and dramatist, both on 30th Alay.

(e. a.)

AC9.dl0l1fiyi Roy3.li—The Royal Academy of
Arts in London, to give it the original title in full, was
founded in 1768, “for the purpose of cultivating and im-
proving the arts of painting, sculpture, and architecture.”
Many attempts had previously been made in England to
form a society which should have for its object tho
advancement of the fine arts. Sir James Thornhill, his
son-in-law Hogarth, the Dilettanti Society, made effortsm this direction, but their schemes were wrecked by
want of means. Accident solved the problem. The
CTOwds that attended an exhibition of pictures held in
1758 at the Foundling Hospital for the benefit of that
chanty, suggested a way of making money hitherto un-
suspected. Two societies were quickly formed, one callinic
^seff the “Society of Artists,” and the other the “Free
Society of Artists.” The latter ceased to exist in 1774
Ihe former flourished, and in 1765 was granted a royai
charter under the title of the “Incorporated Society of
Artists of Great Britain.” But though prosperous it was
not umted. A number of the members, iucludinff the
most artists of the day, resigned in 1768, and^ded by William Chambers, the architect, and Benjamin
;^st, presented on 28th November in that year to George
ill., who Imd already shown his interest in the fine arts

"gracious assistance, patronage

the
a society for promoting

arts of design The memorialists stated that the
1^0 jincipal objects they had in view were the establish-

of a well-regulated school or academy of design for

of distinguished merit; the profit

ScSt^^ft n
of these institutions” would,^they

iSfl I

^ expenses of the first,” and
to be distributed “in useM

tahed to him on 7th December and approved. ?nd ^lOa December they were submitted in Lm and tSdocument embodying them received his sigl^
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she words '' I approve of this j>laii

;
let it be put into

execution.” This document, known as the “ Instrument,”
defined under twenty-seven heads the constitution and
government of the Eoyal Academy, and contained the
names of the thirty-six original members nominated by
the king. Changes and modifications in the laws and
regulations laid down in it have of course been made, but
none of them without the sanction of the sovereign, and
the “Instrument” remains to this day in all essential

particulars the Magna Charta of the society. Four days
after the signing of this document—on 14:th December

—

twenty- eight of the first nominated members met and
drew up the Form of Obligation which is still signed by
every academician on receiving his diploma, and also

elected a president, keeper, secretary, council, and visitors

in the schools
;
the professors being chosen at a further

meeting held on the 17th. Ho time was lost in establish-

ing the schools, and on 2nd January 1769 they were

opened at some rooms in Pall Mall, a little eastward of

the site now occupied by the Junior United Service Club,

the president. Sir Joshua Reynolds, delivering on that

occasion the first of his famous “ discourses.” The open-

ing of the first exhibition at the same place followed on
26th April.

The king when founding the Academy undertook to

supply out of his own privy purse any deficiencies between

the receipts derived from the exhibitions and the ex-

penditure incurred on the schools, charitable donations for

artists, &c. For twelve years he was called upon to do

so, and contributed in all something over £5000, but in

1781 there was a surplus, and no further call has ever

been made on the royal purse. George III. also gave

the Academy rooms in what was then his own palace of

Somerset House, and the schools and offices were removed

there in 1771, but the exhibition continued to be held in

Pall Mall, till the completion in 1780 of the new Somerset

House, when the Academy took possession of the apart-

ments in it which the king, on giving up the palace for

Government offices, had expressly stipulated should be

provided. Here it remained till 1837, when the Govern-

ment, requiring the use of these rooms, offered in exchange

a portion of the Hational Gallery, then just erected

in Trafalgar Square. The offer, which contained no

conditions, was accepted. But it was not long before

the necessity for a further removal became imminent.

Already in 1850 notice was given by the Government that

the rooms occupied by the Academy would be required for

the purposes of the Hational Gallery, and that they

proposed to give the Academy £40,000 to provide them-

selves with a building elsewhere. The matter slumbered,

however, till 1858, when the question was raised in the

House of Commons as to whether it would not be

justifiable to turn the Academy out of the National

Gallery without making any provision for it elsewhere.

Much discussion followed, and a royal commission was

appointed in 1863 “to inquire into the present position of

the Eoyal Academy in relation to the fine arts, and into

the circumstances and conditions under which it occupies

a portion of the National Gallery, (kc.” In their report,

which contained a large number of proposals and^ sugges-

tions, some of them since carried out, the commissioners

the following year a lease of old Burlington House, and
of a portion of the garden behind it, was granted to the

Academy for 999 years at a peppercorn rent, subject to the

condition that “ the premises shall be at all times exclu-

sively devoted to the pmpose of the cultivation of the

fine arts.” The Academy immediately proceeded to erect,

on the garden portion of the site thus acquired, exhibition

galleries and schools, which were opened in 1869, further

additions being made in 1884. An upper storey was also

added to old Burlington House, in which to place the

diploma works, the Gibson statuary, and other works of

art. Altogether the Academy, out of its accumulated

savings, has spent on these buildings more than £160,000.
They are its own property, and are maintained entirely

at its expense.

The government of the Academy was by the “ Instru-

ment ” vested in “ a president and eight other persons,

who shall form a council.” Four of these were to retire

every year, and the seats were to go by rotation to every

academician. The number was increased in 1870 to

twelve, and reduced to ten in 1875. The rules as to

retirement and rotation are still in force. Newly-elected

academicians begin their two years’ service as soon as they

have received their diploma. The council has, to quote

the “Instrument,” “the entire direction and management

of the business ” of the Academy in all its branches
;
and

also the framing of new laws and regulations, but the

latter, before coming into force, must be sanctioned by the

general assembly and approved by the Sovereign. The
general assembly consists of the whole body of acade-

micians, and meets on certain fixed dates and at such other

times as the business may require; also at the request

to the president of any five members. The principal

executive officers of the Academy are the president, the

keeper, the treasurer, the librarian, and the secretary, all

now elected by the general assembly, subject to the

approval of the Sovereign. The president is elected

annually on the foundation day, 10th December, but the

appointment is virtually for life. No change has ever

been made in the conditions attached to this office, with

the exception of its being now a salaried instead of an un-

salaried post. The treasurership and librarianship, both

offices originally held not by election but by direct

appointment from the Sovereign, are now elective, the

holders being subject to re-election every five years, and

the keepership is also held upon the same terms ;
while

the secretaryship, which up to 1873 had always been

filled like the other offices by an academician, has since

then been held by a layman. Other officers elected by

the general assembly are the auditors (three academicians,

one of whom retires every year), the visitors in the

schools (academicians and associates)

;

and the professors

of painting, sculpture, and architecture—^who must be

members—and of anatomy and chemistry. There are also

a registrar, and curators and teachers in the schools, wffio

are appointed by the council.

The thirty-six original academicians were named by

George III. Their successors have been elected, up to

1867
,
by academicians only—since that date by acade-

micians and associates together. The original number was

fixed in the “ Instrument ” at forty, and has so remained,

academician on his election has to present an
Zted thatW had “come to the ck^^ Each academician on his eection has to present an

Eoyal ASmy have no legal, but tbat they have approved specimen of Ms ^ork^Ued hxs Jplonm ^vo*

a morM to ^apartments at the public ezpense.” —before his diplonm is submtted to the SovCTeion for

from amongst the

j.Miww'./i v-*- —'

T . -I Ty A J!

purchased Burlington House, on which tbe Academy alone the academicians can be

1709—they were “to be elected
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tlie royal academicians, excepting that of having a voice

in the deliberations or any share in the —— . o

academy, royal
government of

the Academy.'' Those exhibitors who wished to t)ecome

candidates had to give in their names at the close ot tiie

exhibition. This condition no longer exists, candidates

having since 1867 merely to be proposed and seconded by

members of the Academy. On election, they attend at a

council meeting to sign the Eoll of Institution as an

associate, and receive a diploma signed by the president

and secretary. In 1867 also associates were admitted to

vote at all elections of members ;
in 1868 they were made

elii>'ible to serve as visitors in the schools ;
and in 188b

tobecome candidates for the professorships of painting,

sculpture, and architecture. At first the number of

associates was limited to twenty; in 1866 the number was

made indefinite mth a minimum of twenty, and in 1876

the minimum was raised to thirty. Vacancies in the lists

of academicians and associates caused by death or resigna-

tion can be filled up at any time within five weeks of the

event, except in the months of Au^st, September, and

October, but a vacancy in the associate list caused by

election only dates from the day on which the new

academician receives his diploma. The mode of election

is the same in both cases, first by marked lists and after-

wards by ballot. All who at the first marking have four

or more votes are marked for again, and the two highest

then go to the ballot. Engravers have always constituted

a separate class, and up to 1855 they were admitted to

the associateship only, the number, six, being in addition

to the other associates; now the maximum is four, of

whom not more than two may be academicians, A class

of honorary retired academicians was established in 1862,

and of honorary retired associates in 1884. The first

honorary foreign academicians were elected in 1869. The
honorary members consist of a chaplain, an antiquary,

a secretary for foreign correspondence, and professors of

ancient history and ancient literature. These posts,

which date from the foundation of the Academy, have

always been held by distinguished men.

Schools.—One of the most important functions of the Royal
Academy, and one which for nearly a century it discharged

alone, was the instruction of students in art. The first* act, as

has been shown, of the newly-founded Academy was to establish

schools
—‘‘an Antique Academy” and a “School for the Living

Model” for painters, sculptors, and architects. In the first year,

1769, no fewer than seventy-seven students entered. A school of
painting was added in 1815, and special schools of sculpture and
architecture in 1871. It would occupy too much space to follow
the various changes that have been made in the schools since their
establishment. In one important respect, however, they remain
the same, viz., in the instruction being gratuitous—no fees have
ever been charged. Up to the removal of the Academy to its pre-
sent quarters the schools could not be kept permanently open, as
tbe rooms occupied by them were wanted for the exhibition. They
are now open all the year round with the exception of a fortnight
at Christmas, and the months of August and September. They
consist of an antique school, upper and lower schools of painting,
a ^hool of drawing from the life, a school of modelling from the
liiy, and an architectural school. Admission is gained hy sub-
mitting certain specimens of drawing or modelling, and the
successful candidates, called probationers, have then to undergo
a further test in the schools, on passing which they are admitted
as students for three years. At the end of that time they are
again examined, and if qualified admitted for a further term of
iwo years. These examinations are held twice a year, in
January and July. Female students were first admitted in
I860. There are many scholarships, money prizes, and medals
to be gained by the various classes of students during the
time of studentship, including travelling studentships of the
value of £200 for one year, ^Id and silver medals, and prizes
varying from £50 to £10. There are permanent curators and
^achers in all the schools, but the principal teaching is done by
the academicians, and associates, elected to serve in each
schooL The average coat of maintaining these schools, including
lories, fees, cost of models, prizes, books, maintenance of^ thirty years from £5000 to
£6000 a year, This sum does not include the cost of certain

scholarships and prizes derived from inoucys given or bequeathed

for tlus purpose, such as the Laudseer scholarships, the Creswiek

pi^e thriruiitage im a^d the Turner scholarship and gold

Another of the ])rincipal objects to which the

profits of the Koyal Academy have been devoted has been tin.

TCliSof distressed aitists and their families, irom the com-

mencement of the institution a fund was set ^1'“''^ for tliis

purpose, and subsequently a further sum was allotteil to I'rovide

peusions for necessitous members of the Academy aud

widows. Both these funds wore afterwards^ iiierged iii the

o-eneral fund, and various changes have from tniie to time been

made in the conditions under which pensions and donations Lave

been granted and in their amount. At the present time pensions

not exceeding a certain fixed amount may be given to acade-

micians and associates, sixty years of age, who have i‘<^tirecl and

whose circumstances show them to bo in need, provided the sum

mvendoes not make their total annual income exceed a certain

fimit, and the same amounts can be given to tlicir widow's subject

to the same conditions. No pensions are granted without very

strict inquiry into the circumstances of the ajiplicaiit, who is

oblio-ed to make a yearly declaration as to his or her income.

The^average annual amount of these pensions hiS been latterly

about £2000. Pensions are also given according to the civil

service scale to certain officers on retirement. It may be stated

here that with the exception of these pensions and of salaries

and fees for official services, no member ot the Academy derives

any pecuniary benefit from the funds of the institution.
^

Dona-

tions to distressed artists who are or have been exhibitors at

the Royal Academy, their widows and children under twenty-one

years of age, are made twice a year in February aud August,

^he maximum amount that can be granted to any one apx>licant

in one donation is £100, and no one can receive a grant more than

once a year. The average yearly amount thus expended is from

£1200 to £1500. In addition to these charities^ froni its general

funds, the Academy administers for the benefit of artists, not

members of the Academy, certain other funds which have been

bequeathed to it for charitable purposes, viz., the Turner liiud,

the Cousins fund, the Cooke fund, the New^ton bequest, and the

Edwards fund {see below).

JExMbitiom.—The source from wffiicli have been derived the

funds for carrying on the varied work of the Royal Academy, its

schools, its charities, and general cost of administration, aud
which has enabled it to spend large sums on building, and
provided it with the means of maintaining the buildings, has
been the annual exhibitions. With the exception of the money
left by John Gibson, R.A., some of which was spent in building
the gallery containing the statues and bas-reliefs bequeathed by
him, these exhibitions have provided the sole source of revenue,
all other moneys that have come to the Academy having been
either left in trust, or been constituted trusts, for certain specific

purposes. The first exhibition in 1769 contained 136 w’orks, of

which more than one half were contributed by members, and
brought in £699:17 :6. In 1780, the first year in which the
receipts exceeded the expenditure, the number of works wras

489, of which nearly one-third were by members, and the sum re-

ceived was £3069 : Is. This increase continued gradually wdth
fluctuations, and in 1836, the last year at Somerset House, the
number of works was 1154, and the receipts were £5179 :19s.
No great addition to the number of works exhibited took jJacc
at Trafalgar Square, but the receipts steadily grew', and their
careful management enabled the Academy, w’hen the time cainc
for moving, to erect its own buildings and become no longer
dependent on the Government for a home. The greater space
afforded by the galleries at Burlington House rendered it possible
to increase the number of works exhibited, which of late years
has reached a total of over 2000, wdiile the receipts have also
been such as to provide the means for further building, and for
a largely increased expenditure of all kinds. It may be noted
that the number of works sent for exhibition soon began to
exceed the space available. In 1868, the last year at Trafalgar
Square, the number sent was 3011. This has gone on increasing,
with occasional fluctuations, at Burlington House, and the year
1900 saw the maximum, so far, of 13,462, The annual w'intor
exhibition of works by old masters and deceased British artists
was begun in 1870. It was never intended to be a source of
revenue, but appreciation by the public has so far prevented it
from bein^ a cause of loss. The summer exhibition of works by
Uving artists opens on the first Monday in May, and closes on the
first Monday in August. The winter exhibition of works by
deceased artists opens on the first Monday in January, and closes
on the second Saturday in March. The galleries containing the
diploma works, the Gibson statuary, and other works of art are
open daily, free.

Presidents of the Royal Academy,—Sir Joshua Reynolds, 1768-
92; Benjamin West (resigned) 1792-1805

; James Wyatt
(president-elect), 1805 ; Benjamin West (re-elected), 1806-20;
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Sir Thomas Lawrence, 1820-30
;
Sir Martin Archer Shee, 1830-

50 ;
Sir Charles Lock Eastlake, 1850-65 : Sir Francis Grant,

1866-78; Frederick, Lord Leighton of Stretton, 1878-96
;

Sir
John Everett Millais, Bart., 1896 ; Sir Edward John Poynter,
1896,

The total number of academicians elected since the foundation,
exclusive of the 36 original members, is 192, of whom 114
received their art education in the Academy schools. The total

number of associates elected since the foundation, wdio have not
reached the higher grade, inclusive of the 30 now living, is

103, of whom 46 received their art education in the Academy
schools.

The total number of students admitted since 1769 is 4697,

making a yearly average of about 36. The number at present on
the books is 172.

The library contains about 7000 volumes, dealing with the
history, the theory, and the practice of the various branches of

the fine arts, some of them of great rarity and value. It is open
daily to the students and members, and to other persons on a
proper introduction.

The trust funds administered by the Ro^’al Academy are :

—

The TurTier fund (J. M. Turner, E,.A.), which provides

sixteen annuities of £50 each, for artists of repute not members
of the Academy, also a biennial scholarship of £50 and a gold

medal for a landscape painting.

The Chantrey fund (Sir Francis Chantrey, E,.A.), the income

of which, paid over by the Chantrey trustees, is spent on pictures

and sculpture.

The Creswick fund (Thomas Creswick, E..A.), which provides an

annual prize of £30 for a landscape painting in oil.

The Cooke fund (E. W. Cooke, R.A.), 'which provides two
annuities of £35 each, for painters not members of the Academy,
over sixty years of age and in need.

The Landseer fund (Charles Landseer, R.A.), which provides

four scholarships of £40 each, two in painting and two in

sculpture, tenable for two years, open to students at the end of

the first two years of studentship, and given for the best work
done during the second year.

The Armitage fund (E. Armitage, R.A.), which provides two

annual prizes of £30 and £10, for a design in monochrome for a

figure picture.

The Cousins fund (S. Cousins, R.A.), which provides seven

annuities of £80 each for deserving artists, not members of the

Academy, in need of assistance.

The Newton bequest (H. 0. Kewton), which provides an annual

sum of £60 for the indigent widow of a painter.

The Bizo fmid (John Bizo), to be used in the scientific in-

vestigation into the nature of pigments and varnishes, &c.

The Edwards fund _(W. J. Edwards), producing £40 a year for

the benefit of poor artists or artistic engravers.

The Leighton bequest (Lord Leighton, P.R.A.), received from

Mrs Orr and Mrs Matthews in memory of their brother, the in-

come from which, about £300, is to be expended on the decoration

of public places and buildings.

The literature concerning the Royal Academy consists

chiefly of pamphlets and articles of more or less ephemeral value.

More serious works are : William Sandby. The History of the

Royal Academy of Arts, London, 1862 (withdrawn from circula-

tion on a question of copyright).—iZepori from the Select
^

Com-

mittee on Arts and their Connexion with Manufactures^ with the

Minutes of Evidence and Appendix. London, 1836. Report o/

the Royal Commission on the Royal Academyj with Minutes of

Evidence and Appendix, London, 1863.—Martin Archer Shee.

The Life of Sir M, A, Shee, R.R.A. London, I860.—C. R. Leslie,

R.A. and Tom Taylor. Life and Times of Sir Joshua Reynolds,

P R A, London, 1865.—J. E. Hodgson, R.A. (the late), and

Fred. A. Eaton, Sec. R.A. “The Royal Academy in the Last

Century,” Art Journal, 1889-91. But the chief sources of infor-

mation on the subject are the minute-books of the council, and of

the general assembly, and the annual reports, which, however,

only date from 1859. (f. A, E.)

Accident. See Insurance,

Account^ a term used chiefly on the Stock Exchange

to designate either the periodical settlement itself or the

interval between one periodical settlement and the next.

In most securities the transactions which have been

effected are settled twice a month. Eor transactions in

consols and a few kindred securities, such as India stocks,

the regular settlement occurs only^ once a month, but a

considerable part of the business in them is done for

cash,’’ Le,, for settlement immediately. Eor most securities

except mining shares the settlement extends over three

CCOUNTANTS
days, the account or settlement in mining shares occupyiug

four days. The first of these days is called the “carrying-

over” or “making-up” day, and is employed in adjusting

the accounts open between the class of speculators known
as “ bulls,” who buy securities for which they do not wish

to pay in the hope of selling them before the settlement

at higher prices, and that known as “bears,” who sell

securities which they do not possess in the hope of buying

them before the settlement at louver prices. The second

day, where there are three, and the second and third

days, where there are four, are the “ ticket days ” or “ name

days,” when purchasers of registered securities pass to

the sellers tickets setting forth the names into which the

same are to be transferred. The last is the “pay day,”

“ settling day,” or “ account day,” when money balances,

or “ differences,” have to be met, and brokers who have

purchased securities must be prepared to pay for them on

delivery. Much of the work of the Stock Exchange

account is carried out by a department of that institution

corresponding to the bankers’ clearing house. Its function

is to bring into direct communication the ultimate buyer

and the ultimate seller as represented by their respective

brokers, thus eliminating, for the purposes of the settle-

ment, the middleman known as the “dealer” or “jobber.”

The further returns of the bankers’ clearing house, con-

cerning which, in illnstration of the financial importance

of the account, figures were given in the ninth edition

of the Encyclopoedia, Britannica (i. 91) down to 1873, are

as follows :

—

On Fourths of On stock Exchange On Consols
{

the Month.
|

Account Days, Settling Days.
|

1873 £272,156,000 £1,038,257,000 £249,755,000

187i 265,427,000 1,010,456,000 260,244,000

1875 245,810,000 1,043,464,000 251,572,000

1876 225,936,000 761,091,000 225,948,000

1877 232,630.000 744,085,000 i 228,254,000

1878 1 217,753,000 795,443,000
1

227,241,000

1879
'

213,348,000 842,937,000
1

225,381,000

1880 236,809,000 1,151,867,000 255,224,000

1881
!

253,138,000 1,383,430,000 278,864,000

1882 ' 238,150,000 1,228,916,000 278,387,000

1883 239,080,000 1,058,703,000 254,620,000

188i 242,659,000 960,623,000 268,352,000

1885 221,873,000 935,084,000 249,327,000

1886 215,519,000 1,198,557,000 263,497,000

1887 256,469,000 1 1,145,842,000 297,199,000

1888 272,091,000 1,252,466,000 332,470,000

1889 290,117,000 1,338,842,000 351,690,000

1890 289,107,000 1,416,543,000 358,598,000

1891 264,501,000 1,067,403,000 314,807,000

1892 ' 260,422,000 1,022,764,000 299,405,000

1893 268,084,000 1,002,664,000 300,478,000

1894 261,547,000 964,455,000 301,448,000

1895 283,610,000 1,304,679,000 345,446,000

1896 290,681,000 1,162,866,000 380,354,000

1897 302,123,000 1,113,682,000 362,610,000

1898 331,267,000 1,231,847,000 402,861,000

1899 359,088,000 1,544,295,000 403,042,000

1900
!

372,463,000 1,339,571,000 438,125,000

(s. B. H.)

ACCOUnta.ntS«—^The term “accountant” is one to

which, of late years, its original meaning has been more

generally attributed—^that of an expert in the science of

book-keeping. It is sometimes adopted by book-keepers,

but this is an erroneous application of the term ; it properly

describes those competent to design and control the sys-

tems of accounts required for the record of the multifarious

and rapid transactions of trade and finance. It assumes

the possession of a wide knowledge of the x^rinciides

upon which acconntancy is based, which may be shortly

described as constituting a science by means of which

all mercantile and financial transactions, whether in money

or in money’s worth, including operations completed and
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fiigcigements undertaken to be fulfiUed at once or in a

future, however remote, may be recorded ;
and this science

comnrises a knowledge of the methods of preparmg

sUtWies, whether relating to finance or to any transactions

or circumstances which can be stated by numeration, an

of ascertaining or estimating on correct bases the cost or

aiiv operation whether in money, in commodities, in time,

in life, or in any wasting property. Generally, accomtancy

may be described as being the science by means of which

all operations, as far as they are capable of being sho-sm in

tii^Lires, are accurately recorded and their restdts ascertained

and stated.
, ^

The origin of the profession of accountancy in ureat

Britain is'^difiicult to trace; auditors of accounts were

naturally of very early existence, being men-
Wstoty*

tioned as officers of importance in the statutes

of Westminster in the reign of Edward I. The art of

accountancy on a scientific principle must certainly have

been understood in Italy before 1495, when Friar Lucas de

Borga published at Venice his treatise on book-keeping

;

but the lii-st known English book on the science was pub-

lished in London by John Gonge or Gough in 1543. It is

described as A FrofitabU Treatyce called the Instrvmient

or Foke to learn to knoim the good order of the kepyng of

the famouse reconyuge^ called in Latin^ Fare and Hahere^

and^ in Englyshe^ Fehitor and Creditor, A short hook of

instruction was also published in 1588 by John Mellis of

jSouthw’ark, in which he says, “ I am but the remier and

reviver of an auncient old copie printed here in London

the 14 of August 1543 : collected, published, made, and
|

set forth by one Hugh Oldcastle, Scholemaster, who, as

appeareth by his treatise, then taught Arithmetike, and

this booke in Saint OUaves parish in Marke Lane.” John

Mellis refers to the fact that the principle of accounts he

explains (which is a simple system of double entry) is “after

the forme of Venice.” The very interesting and able book

described as The Merchants MirrcncTj or directions for the

perfect ordering and keeping of his accounts; frained hy

way of Debitor and Creditor^ after the (so tearmeF) Italian

manner Kichard Dafforne, accountant, published in 1635,

contains many references to early books on the science of

accountancy. In a chapter in this book, headed “ Opinion

of Book-keeping’s Antiquity,” the author states, on the

authority of another writer, that the form of book-keeping

referred to had then been in use in Italy about two
hundred years, “ but that the same, or one in many parts

very like this, was used in the time of Julius Caesar, and
in Borne long before.” He gives quotations of Latin
book-keeping terms in use in ancient times, and refers to

“ex Oratione Ciceronis pro Boscio Comaedo”; and he
adds :

“ That the one side of their booke was used for

Debitor, the other for Creditor, is manifest in a certaine

place, Katurahs Historise Plinii, lib, 2, cap. 7, where hee,

speaking of Fortune, saith thus

:

Huic Omnia Expensa,
Huic Omnia Feruntur accepta et in tota Katione mortalium

sola Utramque Paginam facit”

An early Dutch writer appears to have suggested that
double entry book-keeping was even in existence among
the GreeJj^ pointing to scientific accountancy having been
invented in remote times.

There were several editions of Eichard Dafbme’s book
printed—^the second edition having been published in 1636,
the third in 1656, and another was issued in 1684. The
book is a very complete treatise on scientific accountancy,
it was beautifully prepared and contains elaborate explana-
tions; the numerous editions tend to prove that the

was highly appreciated in the I7th century. From
this time there has fen a continuous supply of literature
on the subject, many of the authors styling themselves

accountants and teachers of the art, and thus proving that

the professional accountant was then known and employed.

Very early in the 18th century the services of an

accountant practising in the City of London were made use

of in the course of an investigation into the transactions of

a director of the South Sea Company, who had been deal-

ing in the Company’s stock. During this investigation the

accountant appears to have examined the books of at least

two firms of merchants. His report is described Observa-

tions made upon examining the looks of Sawh'idge and

Company, by Charles Snell, Writing Master and Account

ant in Foster Lane, London.

In 1799, when Holden’s Triennial Directory of London,

Westminster, and Southwark first published, 11 indi-

viduals and firms were therein described as accountants

;

in the same Directory, for the period 1809-11, the number

had risen to 24 ;
and in that for 1822-24, there were 73

firms of practising accountants recorded.

It win be noticed that the English books dealing with

scientific book-keeping, to which reference has been made,

were written at a time when the English and Dutc-h

were very actively engaged in foreign trade, in succession

to the Italian merchants of the 14th, 15th and

16th centuries
;
but it was not until the begin-

ning of the 19th century that, in consequence menu
of the adoption of improved methods of manu-
facture and transit, resulting from the application of water

and steam power to manufactures and methods of convey-

ance which largely increased the trade of Great Britain,

the profession of an accountant became one which men
of scientific knowledge and capacity adopted for their

business career. Corporations and companies were

formed to carry out large operations previously either

left to the State or not undertaken, and for the de-

velopment of trades and manufactures which were

becoming less profitable when carried on by hand labour

and with limited capital
;
and, for these, the services of

public accountants vrere necessarily required to devise

systems of accounts and methods of control, and to enable

the results of the various transactions carried on to be
ascertained with the least waste of power or chance of loss

by negligence or fraud. The large number of companies
formed in 1843 and 1844, when a great amount of capital

was invested in railways and extensive speculation resulted,

also added to the demand for the services of profes-

sional accountants. The Companies' Clauses Consolida-
tion Act made provision for the audit of the accounts of

companies regulated by Act of Parliament and gave some
extensive powers to the auditors, who are now, to a very
large extent, selected from among professional accountants.
The Companies Act of 1862 led to a large extension of
the business of accountants, both as auditors and liquid-
ators of companies

;
and the Acts relating to bankruptcy

passed between the years 1831 and 1883 added to the work
devolving on professional accountants. The Companies
Act 1879, which affected banking companies, made pro-
vision for the audit of their accounts, and it has been
found desirable, in most cases, to appoint professional
accountants to this duty. The experience and professional
knowledge of trained accountants have, in fact, been
utilized by their appointment as auditors in the majority
of joint-stock companies, whether manufacturing, banking,
fading, or created for any other purpose. Until the
Companies Act 1900 was passed there was no general
obligation upon limited companies to have auditors • this
Act not only requires that auditors shaU be appointedm all cases, but provides for their remuneration, and to a
limited extent defines their rights and duties. This modi-
fication of the law relating to companies will doubtless
nave a beneficial effect upon their management, as it pro-
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vides a very necessary control upon the operations of
directors, and enables the shareholders to obtain an inde-
pendent opinion on the transactions and position of the
companies in which they are interested. The Legislature
evidently did not find it easy to formulate at all clearly

the duties of auditors, and it seems reasonable to suppose
that any general definition will prove an impossibility,

as the work which auditors undertake must vary very
widely, and depends largely upon the scope of the opera-

tions the accounts of which are to be examined
;
at the

same time, the provisions made mark a distinct advance
in company law, and will probably create a considerable

increase in the demand for the services of accountants.

The duties of practising accountants cover a very wide
area : they act as trustees, liquidators, receivers, and

Duties
of businesses, the owners of which are

in default or their affairs in liquidation, both
under the direction of the courts and by appointment of

creditors and others; they are largely engaged as arbi-

trators, umpires, and referees in differences relating to

matters of account or finance
;
they prepare the accounts

of executors and trustees, and the necessary statements of

affairs in cases of bankruptcy, both of firms and companies

;

they prepare accounts for prosecutions in cases of fraud

and misconduct
;
and they are constantly called upon to

unravel and properly state the accounts of complicated

transactions. Their services are commonly required to

certify the profits of businesses intended to be sold, either

privately or to companies by means of a published

prospectus
;
and, in cases of compulsory purchases of busi-

nesses by railway companies and public bodies, the state-

ments of the profits of the businesses to be acquired are

generally made by them. In a very large number of

financial operations they are called upon to give advice

and prepare accounts, and in few business matters requir-

ing arithmetical calculations or involving the investigation

of figures, and particularly where a considerable acquaint-

anceship with the principles of law is needed, are their
'

services not utilized. One of the most important duties

undertaken by accountants is the audit of accounts, and

this duty has, of late years, been widely extended.

Originally, auditors were appointed to examine and vouch

statements of receipts and payments
;
but the provisions

made in Acts of Parliament in relation to audit, and the

requirements of most articles of association of limited

companies put much graver responsibilities on
Auditors. now generally required to

certify to the accuracy of balance sheets and of revenue

and other accounts, the performance of which duties in-

volves far more knowledge of accounts than was once re-

quired. The efficiency, in most cases, of audits conducted

by skilled accountants has led the public to attach excep-

tional value to their audit certificates, and to demand

extensive knowledge and ability in the conduct of

the audit of the accounts of public companies. One

other requirement which is generally regarded as

indispensable, is that the work of audit should be

very expeditiously performed
;
for it is easy to under-

stand that, were the presentation of
^

the accounts of a

company and the distribution of dividends materially

delayed in consequence of the audit, much inconvenience

would result, while the value of the criticism of the

accounts of business operations would be much deteriorated

if it could not be made very shortly after the accounts

were closed. In these circumstances, in the cases of

large concerns with wide ramifications and numerous

transactions, it is necessary that auditors should have the

help of trained assistants, and thus the personal examina-

tion of details by the auditor himself is, to a large extent,

rendered unnecessary and the cost of audit materially re-

duced. This delegation of duty by auditors is generally well

understood, and is in accordance with the requirements of

those concerned
;
but there has been a tendency of late

years to enlarge the resi)onsibilities of auditors to an ex-

tent which, if persisted in, might render it dangerous for

men of reputation and means to accept the duties. It is to

be hoped that future legislation may, on the one hand,

secure the faithful performance of difficult work by com-

petent men
;

and, on the other, not leave an auditor

responsible to the extent of his means either for some
carelessness on the part of a clerk, or for an inaccurate

decision at a time of pressure on a matter respecting

which he is probably unable to obtain competent advice

without disclosing that which it is his duty to keep

secret.

While the number of practising accountants has of late

years been steadily increasing and their services are

correspondingly appreciated, the necessity for

controlling those exercising the profession and

for improving its status has naturally become

apparent. The first important steps in this direction Tvere

taken by the accountants in Scotland—the Society of

Accountants in Edinburgh being incorporated by royal

charter in 1854; similar societies in Glasgow and Aber-

deen being also incorporated by charter in 1855 and 1867.

The Institute of Accountants was formed in London in

1870, but did not receive a royal charter until the 11th

May 1880, when all the then existing accountants’ societies

and institutes in England were incorporated as the Insti-

tute of Chartered Accountants in England and Wales, and

means were provided by which all the then practising

accountants in these countries could claim membership

thereof. In the year 1885 the Society of Accountants and

Auditors was incorporated, but has obtained no charter

;

this body, while numbering among its members a con-

siderable number of practising accountants in the United

Kingdom, also includes treasurers and accountants to

cities and boroughs in England, as well as clerks to

chartered and other accountants. A large proportion of

its members also consists of accountants practising abroad.

In 1888 an Institute of Chartered Accountants was formed

in Ireland, and a great many institutes and societies have

been formed in the British colonies and in the United

States, some of which have local charters. It is curious to

note, however, that, outside the United Kingdom, it was

only in the British colonies, and lately in America, that

associations of practising accountants existed, until, in

1895, an Institute of Accountants was founded in

Utrecht for Dutch accountants; when, although the

principles of accountancy have been well understood

and practised in Holland since the 16th century, and

probably earlier, it was found necessary to borrow the

words “ accountant ” and “ accountancy ” from the English

language to convey to the Dutch an idea of the meaning

of the terms.

The Institute of Chartered Accountants in England

and Wales, on the 1st June 1900, numbered 3195

members, of whom 2469 were practising in England

and Wales, and 119 were practising abroad ;
the majority

of the other members (607) having passed the qualifying

examinations of the Institute. In the three chartered

bodies in Scotland there were, at the end of 1899, 698

members, of whom about four-fifths were in practice
;
and

the Irish Institute numbered 50 members, of whom 42

were in practice. The list of 1344 members of the Society

of Accountants and Auditors in the United Kingdom,

dated June 1900, does not enable a classification to be

made between those practising as accountants and those

otherwise engaged ;
but it may fairly be assumed that

about five-eighth of this number were practising. Making
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an allowance for public accountants wbo are not inembers

of anv of the institutes and societies mentioned above,
^

it

wuld appear that about 4000 persons were, at the begm-

niiig of the year 1900, practising as pubhc accountants in

the'Cnited Kingdom. v-

Accra.* See Goni) Coast.

Accrington, a municipal borough (1878), in the

UMULATORS
Accrington parliamentary division of Lancashire, Luglaiid,

19 miles N. of Manchester by rail. Modern erections au-

Established, Free, Congregational, Baptist, and ftl“tlio(list

churches, and a municipal technical school. Dye-vioiks,

chemical manufactures, and manufactures oi lUiichinciv

for the cotton-mills have been established.
/!Ao'*

acres. Population in 1881, 31,435 ;
in 1891, oS, >0.> ;

in 1901, 43,076.

ACCUMULATOES.

The early study of electrolysis made scientific men

acquainted with what were called secondary currents

and polarization. The former were first used by Grove,

whose gas battery may be called the first accumulator ^
but

systematic search for the best effects was not undertaken till

1859, when Plante began a masterly and fruitful investi-

gation. He soon produced his well-known battery, a cell

with higher electromotive force and greater current-yielding

power than any other practical combination. He obtained

these results by putting lead plates into dilute sulphuric

acid and sending a current through ;
after a few reversals

he found one plate to be covered by peroxide of lead, the

other with a porous mass of lead. He set himself to

acrumidate energy in the cell, by which he meant the

formation of a quantity of the active materials. The

names given to Plante's first cell have been frequently

misunderstood. The terms secondary battery, storage

battery, and accumulator have been taken to indicate that

there was an accumulation or storage of electricity or of

electric current
]
but the error is not Plante's, as is clear

from his declaration that his couple is able to give dis-

charges of long duration, or to retain its charge for a long

time, “et dhmmagasiner ainsi le iravcdl chimiq'm de la

pile voltaique.'^ The value of the cell arises from a happy

combination of properties. The three active materials

are peroxide of lead, spongy metallic lead, and dilute

sulphuric acid. Of these, the peroxide is an excellent

depolarizer
3
the lead is a sufficiently good electropositive

metal
;
and the dilute sulphuric acid has a very high con-

ductivity for an electrolyte. Moreover, the two solid

substances are not only themselves insoluble in the dilute

acid, but the sulphate of lead formed from them in the

course of discharge is also insoluble. Consequently, it

remains fixed in the place where it is formed
3
and on the

passage of the charging current, the original PbOg and Pb
are reproduced in the places they originally occupied.

Thus there is no material change in the distribution of

masses of active material. Lastly, the active materials

are in a porous, spongy condition, so that the acid is

within reach of ail parts of them. The resistance of the
cell is low, while the energy of the chemical action to

which it gives rise imparts a high electromotive force.

PlaatiS carefully studied the changes which occur in the forma

Planters
charge, and discharge of the cell. In forming

he placed two sheets of lead in sulphuric acid, separai
ing^ them by narrow strips of caoutchouc (Fig. l]

cell

When charging current is sent through the cell, the hydroge;
liberated at plate j

escapes, a small quantit
possibly being spent in re

ducing the surface film c

oxide generally found o:

lead. Some of the oxyge:
is always fixed on th
positive plate B, formm
a surface film of peroxide
After a few minutes th
current ri reversed, plat

Idmct
foraaed on B is

reversak, the surface of each plate iwtenwtdy peroxidwed and reduced to metallic lead. In successiv

Fig,L

oxidations, the action penetrates farther into the pl.it(% iui*nishin ‘4

each time a larger quantity of spongy RbOa 011 one and

of spongy lead on the other. It follows that the duiation <u tin*

successive charging currents also increases. At the ])(*giiiinn'A

few minutes suffice; at the end, many hours arc iccjuiicd. Altci

the first six or eight cycles, Plantd allowed a }»cuod ot leposc

before reversing. He claimed that the PbOij formed by leveisal

after repose was moie strongly adherent, and also inorc (‘rystalhrn*

than if no repose were allowed. The lollowing figures .show the

relative amounts of oxygen absorbed by a given pi iti* in suc-

cessive charges (between one charge and the next tin* }>l'itt'

stood in repose for the time stated, then was reduced, and atj;iin

charged as anode) :

—

Separate Periods of
Repose.

Chaige.
Relative Amount ot

Peroxide loini«*d.

First 1*0

18 hours Second 1 *57

2 days Third 1 71

4 „ Fourth 2 'U
2 „ Fifth 2-1:5

and so on for many days.-—(Gladstone and Tiibo, Chnmsfru of

IS&condary Batteries), Seeing that each plate is in turn ovidi/cd

and then reduced, it is evident that the spongy lead will incic use

at the same rate on the other plate of the cell. The })io(c,s «;1

“ forming ” thus briefly described was not continued iridclinil< I\

,

but only till a fair proportion of the thickness of tlie phitcs w »-»

converted into the spongy material, PbOg and Ph icspcctiVf 1\.

After this, reversal was not permitted, the cell being put inb*

use and always charged in a given direction. If the ol

forming by reversal be continued, the positive jdato is ultimitely
all converted into PbOg and falls to pieces.

Plants made excellent cells by this method, yet tlu'cc o])j4*c-

tions were urged against them. Tliey requiied too imuhtiml to
‘‘form”; the spongy masses (PbO^ more esiieciallyj f( 11 olf lor
want of mechanical support, and the separating strips of caotit-

chouc were not likely to have a long life, q’he lii.st ndvam*©
was made by Faure (1881), who greatly shortened tlic time required
for “forming” by giving the plates a preliminary coating <>f icd
lead, whereby the slow process of biting into the metal wa^.
avoided. At the first charging, the red lead on the 4- js

changed to PbOg, while that on the - electrode is reduced to
spongy lead. Thus one continuous operation, lasting ppilnjK
sixty hours, takes the place of many reversals, wiiich, with
periods of repose, last as much as tliree months. Faun* use tl

felt as a separating membrane, but its use was soon aholivhvd
by methods of construction due to Tolclcmar, Scllon, Swan, and
others. These inventors put the paste not on to plate.s of lead,
but into the holes of a grid, which, when carefully desigmd!
affords good mechanical support to the spongy masses amfdooi
away with the necessity for lelt, &:c. They are more satisfactory,
however, as suppoiters of spongy lead than of the peroxide, sim*’*
at the point of contact in the latter case the acid givi*»s rise a
beal action, which slowly destroys the grid. Disintegiation
follows sooner or later, though the best makei-s arc able to delei

failure for a fairly long time. Efforts have been made bv
Tribe, Fitzgerald, and others to dispense with a supportin-r
for the positive plate, but these attempts liave not yet^ been
successful enough to enable them to compete with the otlug

The following description of well-known forms of (*(di.s

will illustrate the methods adopted at the present time
Plcmti “CUoride Accumulator” cells dt-riv*.

aeir name from the fact that chloride of lead is used
in mafcmg the negative plates. There is no
chlorme or cHoride in the cell when ready »TJZ.
tor use.

^
For the negative plates, the chloride ^fors.

^ teiniiemture of
about 600 C., and then carried by plumbago eruciblos to a
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mould, where it ib cast into short hexagonal prisms or

pastilles. These are arranged in the bottom half of a
plate mould, the top half of which is permanently fixed

to a hydraulic press

;

the press is closed and
molten lead is in-

jected under a pres-

sure of 150 K) per

square inch, to fill

in the spaces between

them. They are thus

embedded in a lead

plate whose thick-

ness is equal to their

owm length, their

ends being fiush with

the face of the ]plate.

The chlorine has now
to be extracted,

which is done by
putting the plate be-

w'hich form the positive jdate becomes covered ith

peroxide.

In the “ Monobloe cell, the general appearance and
arrangement of which are shown in hig. 4, the positive

block is built up of corrugated sheets of lead,

perforated by rectangular holes. When these

perforated sheets have been laid on each other

to a height of about 9 inches, and the four corners

burned to stout lead

lies spongy lead. ^
These are burned to

a lug at the top, and each rod being enclosed in a per-

tween sheets of zinc in chloride of zinc

solution, when the zinc takes chlorine

from the lead chloride, and leaves the

metallic lead in a finely-divided, porous

condition in the space previously occu-

pied by the chloride. After several wash-

ings, the plate is made a negative pole

in sulphuric acid for a little while, to

ensure absolute freedom from chlorine,

and is then ready for use. Tig. 2 shows

the negative plate in position in a cell.
^ ^ ^ ^

The holes in the hexagonal plugs are to facilitate diffusion

of acid. For the positive plates, lead grids are first cast

under pressure, the mould being arranged to give a^ plate

of lead 0-4 inch thick, pierced by a number of circular

holes about half an inch in diameter with slight counter-

sinks on the faces. Into each of these holes is thrust

a roll or rosette of lead ribbon, which has first been cut to

the right breadth (equal to the thickness of plate), then

ribbed or gimped, and finally coiled into a rosette.^ The

rosettes have sufficient spring to fix themselves in^ the

circular holes of the lead plate, but are keyed into positon

by putting the plate through a^ hydraulic press. The

plates are then put into tanks with temporary negatives,

and a current is passed for a long time, whereby the

rosettes become coated with a fine adherent hard crys^l-
|

line peroxide. The cell can be discharged at very high

rates ;
one square foot of plate wdll give a current of 40

amperes when necessary.

A second cell of the Plante type is tl^t ^ovra as the

“d.p.” Its construction is very simple (Pig. 3). Anumber

of corrugated lead strips, about one qu^er of

“O.P." an inch vride, are piled to a height of i or 8

inches, and their ends are burned together.

Thus a plate is formed through which the acid can easily

pass. A number of such plates are joined together to

form the positives, the negatives being formed by pasting

a somewhat similar framework with ht:^rge. Having

put the two sets of plates into the ceUs, a prolonged

Abaryng cnrrent is sent through; the htharge is educed

to spongy lead, and the surface of the corrugated strips

forated ebonite sheath the 'whole is put into the perfora-

tions of the positive blocks. These cells have been ii^ed

on the tramway cars at Ghent and other places on the

Continent.

Fasted Ty2)es.
—^The best-knowm cell of this ty|)e is tbe

E.P.s. cell, made by the Electric Power Storage Company.

The paste for tbe positive plates is a mixture^ of
^

red lead with sulphuric acid, and for the negative

plates litharge is used instead of red lead. Different

forms of grids are adopted, according to the special pur-

pose for which the cells are intended. For ordinary iso-

lated installations, the grid wall has a section shown in

Fk 5, the holes h, as seen from the direction of ‘the arrow,

being square and slightly larger on the negatiw than on

the positive grid. For rapid discharges (up to two hours)

the negative grid is much the same, except that the holes
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accumulators

arc rectangular and th.e plate is thicker. The positive

grid has (iuite a different shape (Fig. 6). For the quickest

discharges (up to one hour or less) the grid has the form

of thin vertical ribs apart, strengthened at inter-

vals by horizontal ribs. Between the vertical ribs are deep

narrow grooves, which hold the active material.
^

e nega

tive grid is like Fig. 5, the holes being rectangularm shape.

Hart celL

Ftg 7

Fig. 7 shows the general appearance of the two-hour

discharge cell, illustrating the method of connecting, and

the greater thickness of the positive over the negative

plate; also, the clearance between the plates and the bottom

of the cell. There are other types of ^ids besides those

mentioned, to suit the var3n.ng conditions of electrical

work, for high discharge, traction,

Another cell of pasted type is that known as the

Hart ” accumulator. The positive and negative plates,

which are similar in size and shape, are pasted

with red lead and litharge respectively. The
grid is in the form of lattice-work, arranged alternately on
either side, with strong leaden ribs running diagonally

across the plate. The active material in each plate is split

up into a number of small pellets, each of which is gripped

hard on its surface

by means of a leaden

lip attached to the

grid and turned

over by a special

process. In joining

up, a special ter-

minal is used. The
lugs are first faced

up against each
other and tightened

by a temporary
master connector,

non-corrosive bolt, which is

Fig 8

This then gives way to

conically tapered and gives a large connecting surface,
h ig* 8 gives a view of the cells and also of the connector.

2fix€d T^pe.—ln this type, of which the “Tudor"’
cell is a well-known example, the positives are prepared by

**Tndar**
^ formation from a carefully-made

ceih
casting, and the negatives by pasting.

Fig. 9 shows the unformed positive plate. A
mould is made by supporting narrow gun-metd racks on
each side of a cast-iron frame. The teeth of the racks
form vertical grooves in the faces of the casting : and as
narrow spaces are left between one rack and the next

SS —

lower or higher one, horizontal ribs are seen. To give

greater strength, thicker vertical ribs are obtained by cut-

ting out one tooth of each rack at intervals. The grooves

are about j^th inch apart and ^ inch deep. The positive

plates are about J inch thick, and are formed (that is,

covered with per-

oxide) by charging

them, and leaving

them on open cir-

cuit (repose) alter-

nately. Later,

charging and dis-

charging are sub-

stituted. Here, as

in Plante’s work,

charging and dis-

charging become
more prolonged as

the formation pro-

ceeds. As much as

five or six weeks is

required. The nega-

tive plate is a pasted

plate. Litharge
mixed with sul-

phuric acid is placed

in the holes of a

lead grid, to which,

before pasting, is

given a superficial

coating of peroxide

by making it a ter-

minal in an acid

lillllllllllllilllHlHIII

tiiiiiiiinnniittiiii

'iiniiwH
iiiiniiiiHiiM

bath and charging it as a positive for a short time. This

gives a greater attachment between the grid and the spongy

lead when subsequently reduced. The negative plate is

about -

5
^th inch thick.

There are many other types of cells. An interesting

one is that known as the Lithanode. Originally, this was
an attempt to prevent local action by making the positive of

peroxide alone, and to form it so slowly that its mechanical

arrangement and strength would facilitate diffusion and
prevent disintegration. It has not yet been largely used.

Whatever the type of cell may be, it is important to attend to

the following working requirements :—(1) The cells must be fully

equal to the maximum demand, both in discharge p ..

rate and capacity. (2) All the cells in one series

ought to be equal in discharge rate and capacity. This
involves similarity of treatment. (3) The cells are erected on
strong wooden stands. Where floor space is too expensive, they
can be erected in tiers ; but if possible this should he avoide(I,
They ought to lie in rows, so arranged that it is easy to get to
one side (at least) of every cell, for examination and testing, and
if need be to detach and remove it or its plates. Where a second
tier is placed over the first, sufficient clearance space must be
allowed for the nlates to be lifted out of the lower boxes. The cells
are insulated by supporting them on glass or mushroom-shaped
oil insulators. If the containing vessels are made of glass, it is
desirable to put them in wooden trays which distribute the weight
between the vessel and insulators. To prevent acid spray from
filling the air of

^

the room, a glass plate is arranged over each
cell. The positive and negative sections are fixed in position
with insulating forks or tubes, and the positive terminal of one
cell is joined to the negative of the next by burning or bolting.
If the latter method is adopted, the surfaces ought to be very
clean and well pressed home. The joint ought to be covered by
vaseline or varnish. When this has been done, examination
ought to be made of each cell to see that the plates are evenly
spaced, that the separators (glass tubes or ebonite forks between
the plates) are in position and vertical, and that there are no scales
or other adventitious matter connecting the plates. The floor of
the cell ought to be quite clear

;
if anything lies there it must be

removed. (4) To mix the solution a gentle stream of &nlvh\ni(i
acid must be poured into the water (not the other way, lest too
great heating cause an accident). It is necessary to stir the
wliole as the mixing proceeds and to arrange that the densit}- is
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about 1190, or according to tbe recommendation of tbe maker.
About five volumes of water ought to be taken to one volume of
acid. After mixing, allow to cool for two or three hours. The
strong acid ought to be free from arsenic, copper, and other
similar impurities. The water ought to be as pure as can be
obtained, distilled water being best

;
rain water is also good. If

potable water be employed, it will generally be improved by
boiling, which removes some of the lime held in solution. The
impurity in ordinary drinking water is very slight

; but as all
cells lose by evaporation and require additions of water from time to
time, there is a tendency for it to increase. The acid must not be
put into the cells till everything is ready for charging. (5) A shunt-
wound or separately-excited dynamo being ready and running so
as to give at will 2*6 or 2*7 volts per cell, the acid is run into the
cells. As soon as this is done, the dynamo must be switched on
and charging commenced. The positive terminal of the dynamo
must be joined to the positive terminal of the battery. If
necessary, the + end of the machine must be found by a trial

ceU made of two plain lead sheets in dilute acid. It is important
also to maintain this first charging operation for a long time
without a break. Twelve hours is a minimum time, twenty-four
not too much. The charging is not even then complete, though
a short interval is not so injurious as in the earlier stage. The
full charge required varies with the cells, but in all types a full

and practically continuous first charge is imperatively necessary.

During the earlypart of this charge the density ofthe acidmay fall;

but after a time ought to increase, and finally reach the value de-

sired for permanent working. Towards the end of the ‘ ‘formation”

vigilant observation must be exercised. It is important to notice

whether any cells are appreciably behind the others in voltage,

density, or gassing. Such cells may be faulty, and in any case

they must be charged and tended till their condition is like that

of the others. They ought not to go on the discharge circuit till

this is assured. The examination of the cells before passing them
as ready for discharge includes :

—

{a) Density of acid as showm by
the hydrometer. (6) Voltage. This may he taken when charging

*or when idle. In the first case it ought to be from 2*4 to 2’fi

volts, according to conditions. In the second case it ought to be

just over 2 volts, provided that the observation is not taken too

soon after switching off the charging current. For about half an
hour after that is done, the has a transient high value, so

that, if it be desired to get the pro^Der e.m.f. of the cell, the

observation must be taken thirty minutes after the chargingceases.

(c) Eye observations of the plates and the acid between them.

The positive plates ought to show a rich dark brown colour, the

negatives a dull slate blue, and the space between ought to be

quite clear and free from anything like solid matter.
^

All the

positives ought to be alike, and similarly all the^ negatives. If

the cells show similarity in these respects, they will probably be

in good working order.

As to management, it is important to keep to certain simple

rules, of which these are the chief :—(1) hfever discharge below a

potential difference of 1*85 (or in rapid discharge, 1*8) volt. (2)

Never leave the cells discharged, if it be avoidable. (3) Give the

cells a special full charging once a month. (4) Make a periodic

examination of each cell, determining its E.M.F., density of acid,

the condition of its plates, and freedom from growth. Any incipi-

ent growth, however small, must be carefully watched. (5) If

any cell shows signs of weakness, keep it off discharge till it has

been brought back to full condition. See that it is free from any
connexion between the plates which would cause shortcircuiting

;

the frame or support which carries the plates sometimes gets

covered hy a conducting layer. To restore the cell, two methods

can be adopted. In private installations it may be disconnected

and charged by one or two cells reserved for the purpose ; or, as

is preferable, it may be left in circuit, and a cell in good order put

in parallel with it. This acts as a “milking ” cell, not only pp-
venting the faulty one from discharging, but keeping it supplied

with a charging current till its p.d. is normal. Every battery

attendant should be provided with a hygrometer and a voltmeter.

The former enables him to determine from time to time the

density of the acid in the cells ;
instruments specially constructed

for the purpose are now easily procurable, and it is desirable that

one be provided for every 20 or 25 cells. The voltmeter should

read up to about 3 volts and be fitted with a suitable connector

to enable contacts to be made quickly with any desired cell. A
portable glow lamp should also be available, so that a full light

can be thrown into any cell ;
a frosted bulb is rather better than

a clear one for this purpose. He must also have some form ot

wooden scraper to remove any growth from the plates. The

scraping must be done gently, with as little other disturbance as

possible. By the ordinary operations which go on in the cell,

small portions of the plates become detached. It is important

that these should fall below the plates, lest they shortcircuit the

cell, and therefore sufificient space ought to be left between tfie

bottom of the plates and the floor of the cell for these
/
scalings

to accumulate without touching the plates. It is desirable that
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they be disturbed as little as possible till tlieir increase seri-
ously encroaches on the free &i)ace. It sometimes happens that
brass nuts or bolts, &c., are dropped into a cell; these should be
removed at once, as their partial solution would greatly endanger
the negative plates. The level of the liquid must be kept above
the top of the plates. It may sometimes be necessary to replenish
the solution with some dilute acid, but strong acid must never
be added.
The chief faults are buckling, growth, sulphating, and disin-

tegration. Buckling of the plates generally follows excessive dis-

charge, caused by abnormal load or by accidental sbortcireiiiting.

At such times asymmetry in the cell is apt to make some part of
the plate take much more than its share of the current. That part
then expands unduly, as explained later, and curvature is produced.
The only remedy is to remove the plate, and press it hack into shape
as gently as possible. Growth arises generally from scales from
one part falling on some other

; say, on the negative. In the next
charging the scale is reduced to a projecting bit of lead, which
grows still further because other particles rest on it. The remed}’-

is, gently to scrape off any incipient growth. Sulphating, the for-

mation of a white hard surface on the active material, is due to
neglect or excessive discharge. It often yields, if a small quantity
of sulphate of soda be added to the liquid in the cell. Disin-
tegration is due to local action, and there is no ultimate remedy.
The end can be deferred by care in working, and by avoiding
strains and excessive discharge as much as possible.

Accumulators contain only three active substances

—

spongy lead on the negative plate, spongy peroxide of

lead on the positive plate, and dilute sulphuric

acid between them. It will be shown later that Accumu-

a fourth substance, sulphate of lead, is formed

on both plates during discharge, and also, though
to a small extent, during repose. Sj^migy lead looks much
like ordinary lead. Its colour is a blue gray, density

probably similar to that of lead, 11 *3, and its electric

resistance *00001 93 ohm between opposite faces of a cubic

centimetre. S2^07igy peroxide of lead is a dark brow'n

crystalline powder, with a density of 9*28. Its electric

conductivity has been determined by J. Shields (Chemiml
NewSy 65, 87). The hydrated ])eroxide prepared hy purely

chemical methods had a specific resistance of 5*59 x 10*^

c.g.s. units ( — 5*59 ohms)
;
but a similar hydrate, prepared

electrolytically, gave slightly higher figures, 6*78 x 10*-^

c.g.s., or 6‘78 ohms. Both forms of this substance con-

duct metallically, and neither of them electrolytically.

Sulphate of lead is a white powder, with a density of 6 ‘3.

Its electric conductivity is so low that it may be classed

as a non-conductor. The densities of these three solids

being known, it is easy to follo'w the changes in volume

which accompany the formation of sulphate of lead on

either plate. One hundred volumes of lead (on the

negative plate) form 290 volumes of sulphate, and will

therefore require three times as much space as before the

action, while 100 volumes of peroxide (on the positive

plate) form 186 volumes of sulphate, and will therefore

'Ftc to.

£01 nearly twice as much space as before. These expansion

figures are not only important in themselves, but also
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tliriiw Iwlit on the well-known tendency of the negative

iildte to^nin down before the positive. In a ^ven d^

ku-e the quantities of sulphate of lead formed on the

two lead plates are the same, but the expansion m the

lead plugs faud consequent reduction of porosity) is 60

per cent, greater than in the positive plugs. Svlphwne

acidic used in the dUute state. The usual density em-

ployed is 1*210, wliicli has an electric conductivity ot 0 75

c t’- s. units, or a specific resistance of 1*37 ohm for a centi-

metre cube. The relative conductivity (the reciprocal ot

resistance) is shown in Pig. 10. From this and the datum

just given, the specific resistance of any strength ot acid

can be found approximately.
^ /t\ t

There are three kinds of local action :—(1)^
in

all the practical forms of accumulator the positive

plate contains two conductors in contact the lead giid

or plate and the peroxide it is intended to sup-

Locat There exists between them a difference
action.

potential (
= 2 volts), and, as the acid touches

both, local currents must flow. The course of these will

be from a point in the positive grid to the acid, thence to

the adjacent i)eroxide, and back through it to the grid

beneath. Such currents involve the formation of sulphate

from both the grid and the peroxide, with two definite

results
:

(a) a diminution of the available energy existing

as peroxide, and (b) an attack on the lead - supporting

surface below. In an early form of accumulator, Glad-

stone and Tribe found 7 per »cent. of sulphate was formed

in two hours. Fortunately the sulphate of lead thus

formed is insoluble, and covers the free lead surface.

Consequently the action becomes very slow after the first

hour or so, and would in fact stop altogether if the film

of sulphate remained intact, and so prevented access of

acid to the lead surface. But in the daily changes of

temperature, the strains are great enough to cause

some conducting communication, and the local action goes

on. This progressive action explains the advantage Plants

derived from periods of repose in forming, since it brings

a greater quantity of the lead within the reach of the next

operation. It also explains the danger which waits on
the positive grid or plate, and ultimately leads to its

destruction, (2) Local action will arise on the negative

plate if a more electro-negative conductor settle on the lead.

This sometimes happens because of impurities in the

materials used for the paste or existing in the acid. In
-either case they will find their way to the negative grid

or support, and lead to loss of energy and the evolution of

hydrogen gas. (Swinburne, Joum. Imt Elec. Eng. 1886.)
Even where impurities do not exist in the materials, they
are often introduced by small bits of metal being carelessly

dropped into the cell, A not unusual habit of engineers
is to scrape copper connecting-wires in close proximity to
the cells, thus endangering their capacity and hfe very
considerably. Besides this chance of local action on the
negative plate, acid of density 1*210 acts directly on the
finely - divided lead. Swinburne also drew attention to
this in 1886, and indicated its effect on the capacity of the
cells, which may be seriously reduced. (3) There is a local
action on each of the plates, whenever the acid in one
part of the cell differs in density from that in another^
This often bapj:)ens. There is a constant tendency for the
acid to get stronger at the bottom of the cell, because
during charge the stronger acid brought to the positive
plate tends to fall, and in discharge the weaker acid diffnsiTrg

from the porous plugs of both plates tends to rise. Further
stEl, during charge the acid is strongest in the inner parts of
the spongy material, and differences of 25 to 30 per cent,
may e3^t between the mner and outer parts of a plug.
A similar difference may exist during discharge, but m
this case the acid is strongest on the outside and weakest

accumulators
in the interior. The following table gives the e.m.jb\

between a plate of peroxide in weak and another in strong

acid • corresponding values are also given for load plates

in acid of different strength (Gladstone and Hibbert, Journ.
-rrr « .

^ E.M.F. aribing from JDifferences m Strength of Aciid.

Two lead plates. Two peroxide iilates.

Acid round
+lead plate.

Acid round
-lead plate.

E.M.F.
in volts.

Acid 10and
- Pb02 plate.

Acid round
+Pb03 plate.

E M F.

Ill volts.

Per cent. Per cent. Per cent. Pei cent.

0*0720-2 1-35 0-047 0-2 1-35

2*85 0-060 2-85 0-09.')
j j

5-5 0-066 5*5 0-107

10-5 0-082 10-5 0*131

14-5 0-094 14-5 0*1.00

22*5 0-109
i )

22-5 0*168
55

36-5 0-150
j ?

86-5 0-215
5 5

1

57*5 0*204
f }

57-5 0-3.09

' 85*5 0-247 )}
8.>-5 0-537

55
I

98-0 0*266
) 1

99-0 0*643

The lead in the weaker acid is + to the other
;
with the

peroxide plates the case is reversed. With these figures

it is easy to picture the local currents flowing between an

inner and an outer part of a single plug during the

discharge, owing to the different strength of acid then

existing.

The importance of these three kinds of local action

arises not so much from the magnitude of the actions

they set up as from the special parts of the plates affectesd

by them. Sulphate of lead is formed in each case, but

not in the course or path of the regular current. On the

positive plate the local action forms sulphate along the

interface between the plugs and the grid, and may effec-

tively isolate a large proportion of the peroxide. On the

negative plate, when due to deposited copper, <fec., it

cannot he so definitely followed, but may even give an
outside surface coating of sulphate. That arising on
both plates by reason of variable acid strength in the
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Fig. a

plugs cannot be localized, but must necessarily be out of
the regular lines of flow of the working currents. It is
partly by virtue of these special localizations of the
chemical changes that an accumulator seems to be seriously
damaged by a rest, whether charged or discharged, and it
is a further consequence that subsequent charges only
slowly get at this deep-seated sulphate, so that many
cycles of work are required to bring back the cell to its
earlier value as a working machine.

The electromotive force of a ceU varies with the strength
of the acid, as may be seen from Fig. 11, taken Biectra
from Gladstone and HibberFs paper. The motive^
observations with very strong acid were very force.

difficult to obtain
j
but one good experiment made with
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98 per cent, acid is marked by x. Streintz {Ann, Phijs.
Chem, 46j p. 449) gives for the e.m.f. tke expression

E= 1-850 + 0*917 {b-b^)

between tbe density limits r055 and 1-279; {s-b^ is

tbe excess of the specific gravity of the acid over that of
water. It must be understood that the acid referred to

in the foregoing curve is that existing in the pores of the
spongy masses of the plates. If there be any inequality

Time in minuter

Fig. J2

between that and the acid outside a process of diffusion

sets in between them, and the e.m.e. varies so rapidly that

no exact measurement can be made. The importance

of this diffusion was first pointed out by Duncan and
Wiegand {Electrical World, K.Y. 1889), who took plates

before and after discharge, soaked them in sulphuric

acid of 1*175 density, and then transferred them to vessels

of distilled water. The acid which diffused out in a given

time was estimated, with the results shown in Fig. 12.

The plates contained about 5 grams of acid altogether,

so that about one-half diffused out in thirty minutes,

a good illustration of the slowness of diffusion. It is

noteworthy that the rate of diffusion is much the same

for both positive and negative plates, but that the rate

for a discharged is considerably less than that for a

charged plate. This last difference is undoubtedly due to

the formation of sulphate in the porous plugs, with the

expansions indicated in the paragraph on the properties

and volumes of materials. Discharge affects the rate of

diffusion on the lead

fig, iS about the dependence
|

of on acid !

strength, it is obvious that wnile diffusion is proceeding

there will be a corresponding change in e.m.f. Curve I.,

in Fig. 13, shows the rise when a positive plate, hitherto

standing in 20 per cent, acid, is suddenly placed in 34

per cent.
;
curve II., the rise when a similar plate is taken

from 20 to 58 per cent, acid (Gladstone and Hibbert, Phil,

Mag. 1890).

In applying these diffusion and electromotive force

curves to working conditions, it may be noticed that a

given quantity of H
2SO4

diffiising into very w^k acid

produces a much greater change in the electromotive force

than if it pass into stronger acid. Thus if the acid be

very weak, say, 2 per cent., a dififusion of 1 per cent.

H2
SO4

raises the e.m,f. by 0*036 volt, whereas if the acid

be 10 per cent, a diffusion of 1 per cent, raises the e.m.f.

by 0*006 volt only (see Fig. 11 ).

The important practical questions concerning an ac-

cumulator are—its maximum rate of working, its capacity
at various discharge rates, its efficiency, and its charge
length of life. Apart from mechanical injury, and dis-

all these depend on the way the cell is charged charge.

and discharged. For each type and size of cell there is a
normal maximum current. Up to this limit any current

may be taken, beyond it the cell may suffer. Again, it

is desirable that the charge and discharge be confined

between certain limits of potential difference at the

terminals. Injuriously excessive currents or a discharge

below a potential difference of 1 *8 volt are often accom-

F/g.

panied by more or less disintegration. To illustrate and
explain these points a connected series of observations on
a given set of cells is here used, the data having been

given by Ayrton, Lamb, Smith, and Woods {Journ. List,

Elec. Eng, 1890). The cells employed contained three

negative plates, weighing 17 B) 2 oz., two positive plates,

weighing 11 8 oz., and acid of 1*206 density. The
plates measured 9 by 9 inches, and were intended for

maximum currents of 9 amperes in charging and 10 amperes

in discharging. For reasons given in the paper, it was
decided to make the potential difference at terminals the

governing condition of working, the limits to bo 2‘4 and
1*6 volt.

Fig, 14: shows a typical discharge curve; noteworthy points

are :—(1) At the beginning and at the end there is a rapid tall in

p. D. ,
with an intermediate period of fairly uniform \ alue. (2) When

the F.n. reaches 1*6 volt the fall is so rapid that there is no advan-

tage in continuing the action. When the p.d. had fallen to 1*6

volt the cell was automatically switched into a charging circuit,

and with a current of 9 amperes yielded the curve in Fig. 15. Here

Ftg.iS

again there is a rapid variation in p.d, (in these cases a rise) at the

beginning and end of the operation. The cells were now carried

through the same cycle several times, giving almost identical

values for each cycle. After some days, however, they became

more and more difficult to charge, and the return on discharge was

proportionately less. It became impossible to charge up to a P.D. of

2-4 volts, and finally the capacity fell away to half its first value.

Examination showed that the plates were badly scaled and that

some of the scales had partially connected the plates.
^

These

scales were cleared away and the experiments resumed, limiting

the fall of P.D. to 1*8 volt. The difficulties then disappeared.
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be useful to examine these two cases in the light of the t y

affQse away at once and the B.M.P. falls rapidly. Even tne

r>„n were not dischart'cd this fall would occur, and li it were allowed

Jf^rfor thWy Si^utes or so the discharge would h^e begun

with fte dotted ^line (Fig. U). (i) Fvmd fall. ^8 P®”®

bein«- clogged bv sulphate the plugs cannot get acid by <iifftisw“.

andWn 5 per cent, is reached the fall in I!.M.r. is^proporfao -

atelv lar-'o (see Fig. 11). If discharge be stopped,
_
there is an

almost mstantaneous diffusion inwards and a rapid rise in E.M.F.

(c) The rise in, s.3r.P. at beginning and end ofthe (^rgvng is du®

acid in the pores being strengthened, mrtly

formation of sulphuric acid from sulphate,

lytic carrring of strong acid to the positive plate. The mjurioM

results at 1 ‘6 volt arise because then the pores contain water, ine
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Capacity and Efficiency under Various Conditions
nf Wnrlfincr.

Discharge. Charge. Efliciency.
^

Ampere
Hours.

Watt
Hours.

Ampere
Hours.

Watt
Houis.

Quantity. Eiieigy.'

102 201-7 104-5 230-7 97-2 87*4
1

100 190 103-8 228-2 96-8 85*8

91 176*7 96*8 213-2 94*1 82*8

82*6 161*3 86-2 190*5 95-8 84-7

56*6

56*5

110*5
'

110*5

86-2

71-1

190*5
158*3

65-5
79-6

.58'

69-0
1

80 156*9 83-8 184*6 95-5
j

8.5

Experiment.

Kormal cycle .

Restoration
after 1st rest

.

Ditto, after 2nd

Ditto, after 3rd

rest

Dischpge'l
immediat^y l-

after rest J
Restoration
after 8 cycles

.

The table shows that the efficiency in a normal cycle may be as high

as 87*4 per cent. ;
that during a rest of sixteen days uio charged

accumulator is so affected that about 30 per cent, of its charge is

not available, and in subsequent cycles it shows a dmunishfMl

capacity and efficiency ;
and that by repeated charges and dischai ges

the capacity may be partially restored and the efiiciency mure

completely so. These changes might be due to (eii) leakage or

shortcirenit, (J) some of the active material having fallen to the

bottom of the cell, or (c) some change in the active mateiialb.

mMmmwmmi

MHKMSMMBIMBMMI
lBa8l

I
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Ffg. f6-27,

chemistry is altered, oxide or hydrate is formed, which will

partially dissolve, to be changed to sulphate when the sulphuric

acid subsequently diffuses in. But formed in this way it will not
appear mixed with the active masses in the electrolytic paths, but
more or less alone in the pores. In this position it will more or

less block the passage and isolate some of the peroxide. Further,
when forming in the narrow passage its disruptive action will tend
to force off the outer layers. It is evident that limitation of p.d.
to 1*8 volt ought to prevent these injuries, because it prevents
exhaustion of acid in the plugs. The other curves will now be
easy to follow, Fi^. 16 and 17 show a normal charge and dis-

char^ between the limits of 2*4 and 1*8 volt.

After the next charging the cells were allowed to rest for ten
days. On discharge they showed a smaller capacity, and thia was
the case for several subsequent charges and discharges, though
repeated chargings at last brought them back to something like
the previous values. Compare Figs. 18 and 19. Two other
similar series were tri^

j that is, rest followed by repeated and
continuous work to bring the cell back to its first state (see Figs.
20, 21, 22, 23). Then another charge was followed by a rest of
sixteen days. The discharge which ^medicMyfollowed the rest is

in Fig, 24, while Fig, 25 shows the next charge— great
falling*’ off. The cells were now taken through eight cycles of
cjtorge and discharge, and were then so far restored as to give
Figs, 26 and 27, rntegxating the curves, the following numbers
were ohtaiued

®

{a) is excluded by the fact that the subsequent charge is smaller,

and (6) hy the continued increase of capacity during the cycles

that follow the rest. Hence the third hypothesis is the one which
must be relied upon. The change in the active materials has

already been given. The formation of lead sulphate (on both
plates) explains the loss of energy shown in Fig. 24, while the

fact that it is probably formed, not in the path of the regular

currents, hut on the wall of the grid (remote from the ordinary
action), gives a probable explanation of the subsequent slow recovery.
The action of the acid on the lead during rest must not be over-

looked.

We have seen that capacity diminishes as the discharge rah*-

increases ; that is, the available output increases as the current
diminishes. Crompton’s diagram illustrating this fact is given in

Fig. 28. At the higher rates the consumption of acid is too rapid,
diffusion cannot maintain its strength in the pores, and the fall

comes so much earlier. The resistance varies with the condition
of the cell, as shown by the curves in Fig. 29, It may bo unduly
increased by long or narrow lugs, and especially hy dirty joints
between the lugs.

It is interesting to note that it increases at the end ofboth charge
and discharge, and much more for the £.rst than the second. How

^ the composition of the active materials near the end of charge is
almost exactly the same as at the beginning of discharge, and at
first sight there seems nothing to account for the great fall in
resistance from 0 *0115 to 0 *004 ohm

; that is, to about one-third
the value. There is, however, one difference between charging
and. discharging—namely, that due to the strong acid near the
positive, with a corresponding weaker acid near the negative
electrode. The curve of conductivity for sulphuric acid shows

^ discharge is here compared with the charge tbat preceded the
rest

; in the next line the same discharge is compared with the charge
following the rest.
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that both strong and weak acid have much higher resistances than
the liquid usually employed in accumulators, and it is therefore
reasonable to suppose that local variations in strength of acid
cause the changes in resistance. That these are not due to the

Fig 29

constitution of the plugs is shown by the fact that, while the plugs
are almost identical at end of discharge and beginning of charge,
the resistance falls from 0*0055 to 0*0033 ohm.

"While a current flows through a cell, heat is produced at the rate

„ of C^Kx *24 calories (water-gram-degree) per second.

ture^ofc^L ^ consequence the temperature tends to rise.

But the change of temperature actually observed is

much greater during charge, and much less during discharge, than
the foregoing expression

would suggest ; and it

is evident that, besides

the heat produced ac-

cording to Joule’s law,

there are other actions

which warm the cell

during charge and cool

it during discharge.

Messrs. Duncan and
Wiegand (loc. dt), who
first observed the ther-

mal changes, ascribe the
chief influence to the
electro - chemical addi-

tion of H2SO4 to the

Kquid during charge
and its removal during
discharge. Big. 30
gives some results ob-

tained by Ayrton,
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Lamb, &c. This elevation of temperature (due to electrolytic

strengthening of acid and local action) is a measure of the energy

lost in a cycle, and ought to he minimized as much as possible.

The chemical theory whicli has been adopted in the

foregoing pages is very simple. It declares that sulphate

of lead is formed on both plates in discharge,
em s xy,

chemical action being reversed in charge.

Most of the other actions— associated with varia-

tions in the e.m.f. of the cell— arise from local

variations in strength of acid brought about by chemical

action and the electrolysis of the acid. It will contribute

to a clear understanding if the chemical actions be con-

sidered under various heads :—(1) Those occurring during

ordinary charge and discharge
; (2) the cause of high

at end of charge
^ (3) the rapid fall of and P.n, at

end of discharge
; (4) the rapid recuperation of a dis-

charged cell when allowed to repose; (5) the effect of

repose on a charged cell ;
and (6) the agreement of the

experimental e.m.f. and that calculated by the Kelvin-

Helmholtz thermodynamic equation.

(1 )
Plante thought that the chemical action during charge and

discharge was due to electrolytic hydrogen and oxygen simply.
He ignored the chemical action of the acid. In IbSU Gladstone
and Tribe published a seiits of papers, showing, by analyses, that
sulphate of lead was formed on both plates, the action being,
before discharge,

-i- plate.

j*. PbO^ -f-

and after discharge

y. HsSOn
+ 71. H.OJ

- plate

+ c. Pb

+ plate. Liquid. - plate.

nx-p)VhOf\ r{y-2p)K,SO,'l r{z-j))?h 1
L+i^. Pbsoj L + J L+i?. PbSOj

These results are in harmony with Gladstone and Tribe’s analyses,

W’hich showed that in every case some of the active material
remained unchanged. During charge, the substances are restored
to their original condition, and the equation must be reversed.
The theory received abundant confirmation—fiom Frankland in
1883, Eeymier (1884), Crova and Garbe (1SS5), Tchellt/ow (1886),
Heim and Kohlrausch (1889), Ayrton, &c., -with Kobertson (1890),
Dolezalek (1897), and Mugdan (1899). Notwithstanding this body
of evidence it has been objected to, chiefly on the gtound that
sulphate of lead is a white substance and is difficult to reduce to
lead, whereas the substance formed in a cell is not vbite and is

easy to reduce. But Gladstone and Tribe (and afterwaids Suiii-

burne) showed in 1883 that sulphate was easy enough to reduce
when mixed with other substances like peroxide, or lead itself,

which is just the condition in wdiich it occurs in all normal
w’orking of the cells. Darricus suggests that sulphate is formed
only on the negative plate, oxide of lead on the positive, and that
the spongy lead is in an allotropic condition, which helps to give a
higher This theory is contrary to the results obtained
by the numerous experimenters already mentioned. Mugdan has
especially shown that oxide cannot he detected on the positive

plate. It is doubtful if the experiment in favour of an allotropic

condition of the lead can be confirmed. The body of evidence in
favour of the formation of sulphate on both plates is exceedingly
strong—^in fact, decisive. Figs. 31 and 32 embody a complete series

of chemical and physical observations
;
many of the preceding

statements are illustrated by these curves and can be tested by
their relationships. The current was stopped at the points marked
A, B, C, D, to take active material for analysis

;
and the rise of

E.M.F. in discharge, and fall in charge, during this short interval is

noteworthy.

(2) Plante attributed the high charging e.m.f. to hydrogen
dioxide, and similar oxygenized bodies. Gladstone and Tribe
thought that occluded hydrogen and oxygen gases, though very
small in quantity, might account for it. Robertson thought that
the oxygenized bodies arising from persulphuric acid might raise

or lower the e.m.f. according to their exact position in a cell. If,

however, these substances are added to a cell (without changing

the acid strength) they do not produce a change at all comparable

a I —5
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with, that here dealt with, and there is no positive evidence that
they will do what is required by the theory. The only knovm
change which has been shown to be competent to affect the E,M.F.

to this degree is the change which may locally and temporarily
occur in the strength of the acid.^

(o) Theze are two explanations of the rapid fail at the end of
discharge. The one already given ascribes the fall to a weakening
of the acid in the spongy masses. This has already been considered
and need not be further elaborated. The other explanation was
first given by Plant^ and adopted by Gladstone and Tribe, and
afterwards by Robertson. All these workers observed that, at the
end of a diacharge, patches or small films of peroxide of lead were
formed on the surface of the lead plate. Such films speedily tend
to annul the and bring the current to zero. Which of
these two hypotheses (both representing actual facts and both
competent to produce the change under consideration) contributes
most to the result is a difficult question. But if a careful com-
parison be made of the time at which peroxide appears on the
negative, with the fall of E.M.F., it will be seen that the fall begins
before the films can be detected with certainty. Thus (in Fig, 32)
Kobertson could not be sure of peroxide on the negative at the
point C, although the fall had fairly begun at that time.

(4) The explanation of the rapid recuperation after discharge is
that the cause of the rapid fall nas ceased and that the conditions
existing before it are now re-established. If the discharge fall be
^cribed to peroxide films on the negative, then on stopping the
discharge the films are destroyed by local action, and the is
restored. If tlie fall be due to exhaustion of acid, then stopping
the current allows acid to difiuse into the pores almost instantly
and so restores the E.3if.F. If the discharge has not been carried
too far, this is most probably the true cause. If the potential
difference is below 1*8 volt, both actions take place,

(5)

^

As to the effect of repose on a charged cell, Gladstone and
Tribe s expenments showed that peroxide of lead lying on its lead

sj^lered from a local action, which reduced one molecule
ol FbOa to sulphate at the same time that an atom of the grid
below it was also changed to sulphate. There is thus not only
a loss of the available peroxide, but a corrosion of the grid or

li
the supports gradually give

an action arises between the Snely-

^ let free

^ sulphuiuc acid, with the result that hydrogen

Pb+H2S04=PbS04-}-H2. i

This mvolves a diminution of available spongy lead, or loss of i

occasionally with serious consequence^^ The capacity ofthe lead plate is reduced absolutely, of course, but its relative
^

seriously affected. In the discharge it gets sulphated ^

* became the better positive keeps up the e.m.f. too long «In the succeed^ charge, the positive is fuRy charged before t^e 1and the differences hel^^een them ten5 to
^

(6)_ Eel^ and Helmholtz have shown that the u m f of a
''

I

value is so small and it is not easy to secure a good cycle of
observations. Streintz has given the following values :

—

E 1 *9223 f 1 -9828 ( 2*0031 1

2 *0084 ( 2*0105 [ 2*078 1 2-907011-9828 12*0031 2*0084 2*0105 2*078

1

228
j

335 285 255
j

130
,

I These figures illustrate the difficulty of getting good determin-
3 ations ; it is quite improbable that cells so nearly alike as those
[

giving 2*003 and 2*008 volts should have temperature coefficients
» niffer^ by 16 per cent. Unpublished experiments by the writer

‘ gi^e density 1 *156. With stronger acid, a

' true cycle could not be obtained. Taking Streintz’s value, 335 for

25 per cent, acid, the second term of the equation is T~,p=:290x

•000335= 0*0971 volt. The first term gives 88800 calories

=

1*9304 volt. Adding the second term, 1*9304 + 0*0971 = 2 *0275
volts. The observed value is 2*030 volts (see Fig. 11 and table 2)
a remarkably good agreement. This calculation and the general
relation shown in Fig. 11 render it highly probable that, if the
temperature coefficient were known for all strengths of acid, the
result would be equally good. It is worth observing that the
reversal of relationship between the observed and ealcuLitcd cnrv(‘3

which takes place at 5 or 6 per cent., suggests that the chtiuistiy
must be on the point of altering as the acid gets weak, a conclusifjn
wnich has been already arrived at on purely chemicid giounds.
The thermodynamical relations are thus seen to conjiixn very
strongly the chemical and physical analyses.

-

As the efficiency of accumulators is not generally
higher than 75 per cent., and machines must be used to
charge them, it is not directly economical to use
cells alone for public supply. Yet they play an
important and an increasing part in public work, central
because they help to maintaiu a constant voltage
on the mains, and can be used to distribute the load on
the running machinery over a much greater fraction of
the day. Used in parallel with the dynamo, they quickly
^eld current when the load increases, and immcrliately
begm^ to charge when the load diminishes, thus largely
reduemg the fluctuating stress on dynamo and engine' for
sudden variations in load. Their use is advantageous if
they can be charged and discharged at a time when th(>ste^ plant would otherwise be working at an uneconomical
load.

^gulation of the potential difference is managed in
TOrious ways. More cells may be thrown in as tlie dLs-

during charge; but this
chemical action. For a dyad cram

charge proceeds, and taken out during ckarge * but this
hydrogen, 207 grains of lead, to.),^eeqwtion^oimttin|am fa

leads to trouble, as some cell? get unduly

4600.^^^ tte number of ceDs is kept fixed forsujujly
where E h the e.m:.f, in volts, H is the heat develoned hrr ^ Arr a is reduced durini^
^mvalent^f the reacting anbstances, T fa the absolute temjera^ wSi? r

reflating cells in opiiosition. TIm
ta«, and ^ is the temperature coefficient of the Ku.r. If the these

all kept in_ similar condition. But

composed are :-For PbofflsXX ’ ’ ’ ' ^ '

of cellsmal values for the nxeu ana the battery loined fn fluv

> -ening-s disclJrge tS
coefficient term,

® ignoring the temperature x
charge the cells. But they must be charsa'dcoefficient tenn;

^ the to

,

385840 +432420+136720

2^27Xfts^^^«*
120860 calories. Dividing by 46C

Gladstone aoi| ace
2-627Wta 'Se erperfmentaT^-- W ^8000
Gladstone and Hibbert fa 2-607 mut ®^iif acid aceording to
For otiar strengths ofaoid ^the^ene^ fose approxima&n.
evolved when lie acid fa dfluW the quantity
mtotes the calculated nmy. S vari^ ^
mto ac^unt. The difference betoeSTa^T^
niust, if theehemioal theoiy beSt contmnous curvem the equation. The Wa sh^a term
above the theoretioal for affstren^h^f^*iSi®j®^®®^®'* is
Below 5 the position fa rTve^ Tht^“3®9

^ 5 P«r cent

fflsasSvbiStis

1890,
• iS98. Mngdan, JEUkt.

_ uinerence tnau that keut on tliomams, othermse they cannot be said to bo brought Iiackto good condition. This maybe done by discSoctinnthe batteiy and charging from a dynamo which irives the

ite f£v- jf?’ dynamo arranged so that

any comrel^'S-cT obtained from

thJ anSaSe to J T*
mains.

^ ^ ^ the

__
^ere are certain disadvantages in carr.ying accumulators

Hoppe, MektroUeh. JimOs. 1898.
^ ^
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on tramcars. The cells add largely to the weight of the

Tramways. ^ there is^ much expense in handling, owing
to the substitution of charged for discharged

cells every few hours
; and there is a very rapid deteriora-

tion of the plates, consequent upon shaking and the heavy
starting currents. For these reasons the use of cells on
the cars has not generally been a commercial success,
though at the present time a few lines are being run.
The following table gives some particulars of two systems
worked by ‘‘ chloride '' cells

Items. Birminglum. Pans.

Weight of battery in pounds .

Avemge discharge in amperes during run
Maximum discharge during run
Length of run with one charge in miles .

Speed in miles
No, of passengers cairied

6048
50

120-150

45

8 to 15
50

6615
35

100-120

37
8 to 15

50

At Birmingham some cells have comjDleted 20,000 car
miles before renewal was necessary. Cost of renew’al per

car mile is approxi-
mately 1

1 penny.
But if the accumu-
lators be used in the
central or a sub-
station, there are

35
the hollow. For woik like thh, the cells ought to have a low
resistance^ and it is desirable that the shunt-wound dynamo blull
have a falling characteristic. Compound -wound hoosteis aie
sometimes used to help the accumulators to share the load.
Fig. 34 is a diagram of the arrangement. The following data
illustrate the way in which accumulatois are enijiloyed in the
station belonging to the Plymouth Corpoiation. Alternate current
is used for lighting and continuous current for the tramway line.
There are two combined sets ; that is, engine, alternator, and
tramway generator coupled on the same shatt. Other and larger
alternators are in use during the “peak” of the load. In the
combined sets the alternator and generator are each 100 kilowatt
machines; the Beiliss engine is 150 b.ii.p. The engine is
theiefore only large enough to diive either of the machines at
full load, hut can run both at any combination of load not greater
than 100 K.w. total. The generator gives 535 volts, and is
in parallel with 260 cells of the Tudor type. The ears begin
to run at 7,30 a.m:. The cells and one generator are in parallel
sliaring the tramway load through the day, with results very
similar to those shown in Fig. 33. The alternator on the same
shaft supplies the small day lighting load. When the evening
lighting load comes on, the direct current generators are uncoupled,
the accumulators take the tramway work, and the total engine
power is available for running the fully-loaded alternators. This
continues till the cars stop at 11 o’clock, by which time the
lighting load has gone down again. The pressure of the cells has
diminished from 520 to 475 volts. A generator is now coupled up
and charges the accumulators from 11 P.M. to 2.30 or there-
abouts

; a booster adding from 70 to 130 volts, as may be required.
The booster motor takes from 15 to 20 amperes at 530 volts, depend-
ing on the output from its dynamo. These arrangements give a
well-distributed load and economical conditions of working for such

±1 :::u

Fig 3=?-

many advantages. In a traction station, the load varies

no rapidly that the plant is generally working at a low
average load factor ; and the machinery must be capable of

meeting the maximum demand, while the average load does

not exceed one-haK of the maximum. Now accumulators

will take the peaks of the load, relieving the machinery

from suddeu jerks, and further allowing the running

plant to be reduced to that which suffices for the average

load. Some idea of the significance of this may be gained

from Fig. 33.

The cells are in parallel with the generator. Eight cars were
running. The thick line A shows the dynamo current, varying

from 115 to 160 amperes. The line current varies from 0 to 375

amperes. It is evident that engine and generator are kept fully

loaded, the cells supplying the peaks and taking a charge during

machinery as is at any time running, while the cells are a stand-by
for exciting plant, &c.

The following books and papers may be consulted in addition to

those already cited :

—

Plani:6. Rocherchcs sur ViZedrkiU, Paris, 1879.—GLADsroxjs
and Teibe. Ghemistry of Secondary Batteries. London, 1884.

—

Retnier. L'AccrnmUateur Voltalquc. Paris, 1888.

—

Heim. Die
AJckumulatoren. Berlin, 1889.

—

Hoppe. Die AkJcurriulatorenfdr
DleJctricUdt. Berlin, 1892.

—

Schoop. JfaiidbuchfdrAkkuTrLulatoren.

Stuttgart, 1898.

—

Franklakd. ‘ ‘ Chemistry of Storage Batteries,”

Froc. Boy. Soc. 1883.

—

Reynier. “ Essai sur la Throne Chimique
des Accumulateurs,” Jour, Soc. Fran^, d. Fhys. 1884.

—

Heim.
“ U. d. Einfluss der Sauredichte auf die Kapazitat der Akk.,” EUk.
Zeits. 1889.

—

Kohleausoh v. Heim. “ Ergebnisse von Tersuchen
an Akk. fur Stationsbetrieb,” Elek. ZeUs. 1889.

—

Darrictjs.

“La Theorie Chimique des Accumulateurs Plomb.,” BuU. Soc.

Intern, des ^ZeciTkiem^ 1892,—E. J. Wade. Secondary Baiterics,

London, 1901. (w. Hx.)

Acetylene, klumene or ethine, is one of the gaseous

compounds of hydrogen and carbon, and on analysis is

found to contain

—

Carbon 92*3

Hydrogen ...... 7 *7

The molecule is represented by the formula C^H^. It is

a clear, colourless gas, having a density of 0*92. When
prepared by the action of water upon calcium

.

carbide, it has a very strong and penetrating ^^pcrties.
odour, but when it is thoroughly purified from

sulphuretted and phosphuretted hydrogen, which are in-

variably present with it in minute traces, this extremely100*0



36 ACETYLENE
pungent odour disappears, and the pure gas has a not

unpleasant etherial smell. It can be condensed into the

liquid state by cold or by pressure, and
Liqaeiao^

experiments by Ansell show that if the gas

be subjected to a pressure of 21*53 atmo-

spheres at a temperature of O'" C., it is converted into

the liquid state, the pressure needed increasing with the

rise of temperature, and decreasing with the lowering of

the temperature, until at - 82'’ C. it becomes liquid under
ordinary atmospheric pressure. The critical point of the

gas is 37° C., at which temperature a pressure of 68
atmospheres is required for liquefaction. A great future

was expected from its use in the liquid state, since a
cylinder fitted with the necessary reducing valves would
supply the gas to light a house for a considerable period,

the liquid occupying about the volume of the gas,

but in the United States and on the Continent of Europe,
where liquefied acetylene was made on the large scale,

several fatal accidents occurred owing to its explosion
under not easily explained conditions. As a result of

these accidents Berthelot and Violle made a

fmyof valuable researches upon the explosion

Ifqa^ acetylene under various conditions. They
acetylene, found that if liquid acetylene in a steel

bottle be heated at one point by a platinum
"wire raised to a red heat, the whole mass decomposes and
gives rise to such tremendous pressures that no cylinder
would be able to withstand them. These pressures varied
from 71,000 to 100,000 ib per square inch. They,
moreover, tried the effect of shock upon the liquid, and
found that the repeated dropping of the cylinder from a
height of nearly 20 feet upon a large steel anvil gave no
explosion, but that when the cylinder was crushed under
a heay blow the impact was followed, after a short
interval of time, by an explosion which was manifestly
due to the fracture of the cylinder and the ignition of
the escaping gas, mixed with air, from sparks caused by
the brewing of the metal. A similar explosion will
frequently follow the breaking in the same way of a
cylinder ciarged vdtt hydrogen at a high p^gure.Contin^g these expenments, they found that in acetylene

under ordinary pressures the decomposition brought
about m one portion of the gas, either by heat or thetog m it of a s^ll detonator, did not spread far beyond
the point at which the decomposition started, while i/the

M a pressure of more than

+1,

square mch, the decomposition travelled^roughout the mass and became in reality detonation
showed clearly that Uquefied acetylene was

ns^ ana in trreat Bntam the storage and n<!ft nf^l^^ed acetylene are prohibited.
® “

When hquefi^ ^etjjene is allowed to escape from the

ataiowL^
^ contained into ordinary

^ceirJtae. toosphenc pressure, some of the liauid

^or-30- a,

acetylides of the metals. The solubility of the gds in
various liquids, as given by different observers, is—

100 Volumes of

Brine
Water
Alcohol
Paraffin

Carbon disulphide
Fusel oil

Benzene
Chloioform
Acetic acid

Acetone

Volumes oi Acetylene,

absoib . 5

110
600
150
100
100
400
400
600

3100

tat© with silver nitrate thJ^A
^ precipi^uver nitrate, these precipitates consisLg of

It will be seen from this table that where it is desir(‘d
to collect and keep acetylene over a liquid, brine, i.e,, water
saturated with salt, is the best for this purpose, but in
practice it is found that, unless water is agitated with
acetylene, or the gas bubbled through, the top layer ^oon
gets saturated and the gas then dissolves but slowly. Ilie
great solubility of acetylene in acetone was pointed out l)y
MM. Claude and Hess, who suggested charging
acetone with the gas under pressure, a litre (ff

acetone dissolving 360 times its own volume of
the gas under a pressure of 12 atmospheres. WIkmi tln^
pressure is relieved the gas again escapes, and it was
thought that in this way a better method of storimr tlu*^
gas would be provided by liquefaction. Kxpeiiment
however, has shown that acetone thus saturated under
pressure shares many of the disadvantages of liouid
acetylene itself,

^

T^en acetylene was first introduced on a conmien^ial
scale grave fears were entertained as to its safety, it beim^
represented that it had the power of combining

^

with certain metaJs, more esj)ecially cojiper and Explosive
silver, to form acetylides of a highly explosive
character, and that even with coal gas, which
contains less than 1 per cent., such copper
compoun^ h^ been known to be formed in cases where
the gas toributing mains were composed of copi.cr, andt^t accidents had happened from this cause, it was
therefore predicted that the introduction of acetylene ona We scale wo^d be followed by numerous accidents

contact with the gas. These fears have, however, fortu-

ean h .*? Unfounded, and ordinary gas tittimascan be used with perfect safety with this gas.
Acetylene was at one time supposed to be a liighly^isoEoim gas, the researches of Bistrow and

^
Jjiebreich having apparently shown that it
acts upon the blood in the same way as carbonmonomde to form a stable compound. Very evtonsive^enments, however, made by Drs Grehan? iSorMalooz, Cnsmer, and others, all conclusively .show that

fp.W /%-P -I. t
J.X ell

Tf
depositing its carbon in the form of soot

e^sed? ^t?e"s£i3^7becomes dimmed sn/l ^1’ I
of glass soon

for

polymeri2ation changes which lead tf
film of heavy hyitoYi 7 deposition of a

y yorocarbons on the surface of the tube.
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Detona-
tion.

It has also been observed by Cailletet and later by Villard
that when allowed to stand in the j^resence of water at a
low temperature a solid hydrate is formed* Acetylene is

readily decomposed by heat, polymerizing under
Acetylene its influence to form an enormous number of

ing-pQintin compounds
;
indeed the gas, which can

synthesis, itself be directly prepared from its constituents,

carbon and hydrogen, under the influence of the i

electric arc, can be made the starting-point for the construc-
tion of an enormous number of different organic compounds
of a complex character. In contact with nascent hydrogen
it builds up ethylene

;
ethylene acted upon by sulphuric

acid yields sulphovinic acid; this can again be decom-
posed in the presence of water to yield alcohol, and it

has also been proposed to manufacture sugar from this

remarkable body. Picric acid can also be obtained from it

by first treating acetylene with sulphuric acid, converting
the product into phenol by solution in potash, and then
treating the phenol with fuming nitric acid.

Acetylene is one of those bodies the formation of which
is attended with the disappearance of heat, and
it is for this reason termed an “ endothermic ’’

compound, in contra-distinction to those bodies

which evolve heat in their formation, and which are called

“exothermic.” Such endothermic bodies are nearly always
found to show considerable violence in their decomposition

as the heat of formation stored up within them is then
liberated as sensible heat, and it is undoubtedly this

property of acetylene gas which leads to its easy detonation

by either heat or a shock from an explosion of fulminating

mercury when in contact with it under pressure. The
observation that acetylene can be resolved into its con-

stituents by detonation is due to Berthelot, who started

an explosive wave in it by firing a charge of OT gram of

mercury fulminate. It has since been shown, however,

that unless the gas is at a pressure of more than two
atmospheres this wave soon dies out, and the decomposi-

tion is only propagated a few inches from the detonator.

Heated in contact with air to a temperature of 480“ C.

acetylene ignites and burns with a flame, the
Ignition appearance of which varies with the way in

* which it is brought in contact with the air.

With the gas in excess a heavy lurid flame emitting dense

volumes of smoke results, whilst if it be driven out in a

sufficiently thin sheet, it burns with a flame of intense

brilliancy and almost perfect whiteness, by the light of

which colours can be judged as weU as they can by daylight.

Having its ignition point below that of ordinary gas,

it can be ignited by any red-hot carbonaceous matter,

such as the brightly glowing end of a cigar. For its

complete combustion a volume of acetylene

needs approximately twelve volumes of air,
^

* forming as products of combustion carbon

dioxide and water vapour. When, however, the air is

present in much smaller ratio the combustion is incom-

plete, and carbon, carbon monoxide, carbon dioxide,

hydrogen, and water vapour are produced. This is well

shown by taking a cylinder one-half full of acetylene and

one-half of air; on applying a light to the mixture a

lurid flame runs down the cylinder and a cloud of soot is

thrown up, the cylinder also being thickly coated with it,

and often containing a ball of carbon. If now, after a

few moments’ interval to allow some air to diffuse into

the cylinder, a taper again be applied, an explosion takes

place, due to a mixture of carbon monoxide and air. It

is probable that when a flame is smoking badly, distinct

traces of carbon monoxide are being produced, but when

an acetylene flame burns properly the products are as

harmless as those of coal gas, and, light for light, less in

amount. Mixed with air, like every other combustible

gas, acetylene forms an explosive mixture. Clowes has
shown that it has a wider range of explosive

proportions when mixed with air than any of

the other combustible gases, the limiting per-

centages being as follow's :

—

Explosive
mixtures.

Acetylene
Hydrogen
Carbon monoxide
Ethylene
Methane

3 to 82
5 to 72

13 to 75
4 to 22
5 to 13

The methods w^hich can be and have been employed
from time to time for the formation of acetylene

in small quantities are exceedingly numerous,

Before the commercial production of calcium tion!^^“

carbide made it one of the most easily obtain-

able gases, the processes which were most largely adopted

for its preparation in laboratories w'ere :—first, the decom-

position of ethylene biomide by dropping it slowly into a
boiling solution of alcoholic potash, and purifying the

evolved gas from the volatile bromethylene by washing

it through a second flask containing a boiling solution of

alcoholic potash, or by passing it over moderately heated

soda lime; and, second, the more ordinarily adopted process

of passing the products of incomplete combustion from a

Bunsen b^urner, the flame of which had struck back,

through an ammoniacai solution of cuprous chloride,

when the red acetylide of copper was produced. This on

being washed and decomposed with hydrochloric acid

yielded a stream of acetylene gas. This second method of

production has the great drawback that, unless proper

precautions are taken to purify the gas obtained from the

copper acetylide, it is always contaminated with certain

chlorine derivatives of acetylene. Edmund Davy first made
acetylene in 1836 from a compound produced during the

manufacture of potassium from potassium tartrate and
charcoal, which under certain conditions yielded a black

compound decomposed by water with considerable violence

and the evolution of acetylene. This compound was
afterwards fully investigated by Berzelius, who showed it

to be carbide of potassium. He also made the correspond-

ing sodium compound and showed that it evolved the

same gas, whilst in 1862 Wohler first made carbide of

calcium, and found that water decomposed it into lime

and acetylene. It was not, however, until 1892 that the

almost simultaneous discovery was made by Willson in

America and Moissan in France that if lime and carbon

be fused together at the temperature of the electric

furnace, the lime is reduced to calcium, which unites with

the excess of carbon present to form calcium carbide.

The cheap production of this material and the easy

liberation by its aid of acetylene at once gave the gas a
position of commercial importance. In the manufacture

of calcium carbide in the electric furnace, lime

and hard metallurgical coke of the highest Manuiac*

possible degree of purity are employed. A ^^^cium
good working mixture of these materials may carbide.

be taken as being 100 parts by weight of lime

with 68 parts by \veight of carbonaceous material. About
1-8 5) of this is used up for each pound of carbide

produced. The two principal processes utilized in making

calcium carbide by electrical power are the ingot process

and the tapping process. In the former, the coke and

lime are finely ground and carefully mixed in the right

proportions to suit the chemical actions involved. The

arc is struck in a crucible into which the powdered

mixture is allowed to flow, partially filling it. An ingot

gradually builds up from the bottom of the crucible, the

carbon electrode being raised from time to time auto-

matically or by hand to suit the diminution of resistance

due to the shortening of the arc by the rising ingot. The
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crucible is of metal and considerably larger than the ingot,

the latter being surrounded by a mass of unreduced

material which protects the crucible from the intense heat.

"When the ingot has been made and the crucible is full,

the latter is withdrawn and another substituted. The

process is not continuous, but a change of crucibles only

takes two or three minutes under the best conditions,

and only occurs every ten or fifteen hours. The essence

of this process is that the coke and lime are only heated

to the point of combination, and are not boiled ” after

being formed. It is found that the ingot of calcium

carbide formed in the furnace, although itself

consisting of pure crystalline calcium carbide,

is nearly always surrounded by a crust which
contains a certain proportion of imperfectly converted

constituents, and therefore gives a lower yield of acetylene

than the carbide itself. In breaking up and sending out
the carbide for commercial work, packed in air-tight

drums, the worst of the crust is as far as possible picked
out and rejected. A statement of the amount made per kilo-

watt hour may be misleading, since a certain amount of loss

is of necessity entailed during this process. For instance,

iu practical working it has been found that a furnace return
of 0*504 fi) per kilowatt hour is brought down to 0*406 Ba per
kilowatt hour when the material has been broken up, sorted,
and packed in air-tight drums. In the tapping process a

„ „ fixed crucible is used, lined with carbon, the

c^bide.
electrode is nearly as big as the crucible, and a
much higher current density is used. Fine

grindingis unnecessary, as combination probably only takes
place after fusion of the raw materials which mix more
or Jess as liquids. The carbide is heated to complete
liquefaction and^ tapped at short intervals. There is no
unreduced material, and the process is considerably simpli-
fied,^ while less e^^ensive plant is required. The run
carbide, however, is never so rich as the ingot carbide
since an excess of lime is nearly always used in the
mixture to act ^ a flux, and this remaining in the carbide
lowers its gas-yielding power. Many attempts have been
made to produce the substance without electricity, but
have met with no commercial success.

Carbide of calcium, as formed in tie electric furnace, is
crystalline semi-metallic solid, having

oicatdam ? of 3-22, and showing a fracture which
caH>Ue. IS otteu shot with iridescent colours. It can

+«... t
’unaltered in dry air, but the smallest

trace of moisture in the atmosphere leads to the evolution
®f acetylene and gives it a distinctive

oaour. it IB infusible at temperatures up to 2000° C hut

^ be fused in the electric arc. When heated to a
0. in a stream of chlorine gas itbeTOmes moand^cent, forming calcium chloride and hber-atmg carbon, and it ran also be made to burn in oxygen

red brat, leaving behind a residue of caldm

earboa disulphide; 4e^apc^of phosphorus wiU also unite with it at a red hea.tIt IS a compound of

Calcium
Carbon

.

62*5 per cent.
37*5

100*0

Acted upon by water it is at once decomposed, yieldinff
ra*y/eW Metylene and calmum hydrate. ^Pure^vstaf

which in the electric furnace surrounds the ingot, yield.s

an average of 5 cubic feet of gas per pound under
proper conditions of generation. The volume of gas
obtained, however, depends very largely ujion the foirn

of apparatus used, and while some will give the full

5 cubic feet, other apparatus will only yield, -ttilh tlie

same carbide, 3| feet. The purity of the carbide entirely

depends on the purity of the material used in its manu-
facture, and before this fact had been fully gia.spcd by
manufacturers, and only the purest material obtainable
employed, it contained notable quantities of compound.s
which during its decomposition by water yielded a some-
what high proportion of impurities in the
acetylene generated from it. Although at the
present time a marvellous improvement has taken jilace
all round in the quality of the carbide prodiued, the
acetylene nearly always contains minute traces of hydiogen,
ammonia, sulphuretted hydrogen, phosphuretted hydrogen,
siliciuretted hydrogen, nitrogen, and oxygen, and some-
times minute traces of carbon monoxide and dioxide. The
forimtion of hydrogen is caused by small traces of metallic
calcium occasionally found free in the carbide, and case.s
have been known where this was present in such qu.int,itie.s

that the evolved gas contained nearly 20 per cent, of
hydrogen. This takes place when in the manufacture of
the carbide tbe mterial is kept too long in contact with
the arc, since this overheating causes the dissociation of
some of the calcium carbide and the solution of metallic
calcium in the remainder. The presence of free hydrogen
IS nearly always accoinpanied by siliciuretted hjdrogcn
formed^ by the combination of the nascent hydrogen w ith
the silicon in the carbide. The ammonia found in tins
^etylene is due to the presence of magnesium nitride in
the carbide. This is formed by the metallic magnesium
in the molten condition taking up nitrogen from the air.On decomposition by water ammonia is produced hy the
action of steam or of nascent hydrogen on the nitride, the,
quantity formed depending very largely upon the tempeiu-
tme at which the carbide is decomposed. The formation
of nitrides by actions of this kind and their ca.sy coiiveivion
mto ammonia, will probably at some no very distant date
prove a useful method for fixing the nitrogen of the
atmosphere and rendering it available for manurial nur-
poses, although it could never compete in price witluheammoma formed m the destructive distillation of coal for

hydrogen, which Ls invariably
preront in commercial acetylene, is formed by the decoiii
position of alumimum sulphide. Murlot has showi that

£ sulphide, zme sulphide, and cadmium sulphide

S the
compounds which can resist the lieat

decomposition or volatiiiza-

is den£
^ ^’™uuum sulphide is the only one which

hySSTlJSj'^*T f® ^JoMion of sJlphurette<l

nSdTL ^ ®srbide this compoundH “ considerable quantity, but nowrS
nydrogen, one of the most important impurities whichbeen blamed for the haze formed by the comwS

of pure materials that the averace
0T5 ner cent

“c average quantity is i-arely above

amLT ’ of that

In the generation of acetylene from calciumcarbide and water, all that has to be done is to

they mut™iirr.rr^ '«^hen fromtaey mutually react upon each other with the
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formation of lime and acetylene, wMle, if there be suf-
ficient water present, the lime combines with it to form
calcium hydrate.

1. Calcium carbide. Water. Acetylene Lime.
CaCa + HaO = CaHo -t- CaO.

2. Lime. Water. Calcium hydrate.
CaO + HaO = Ga(HO)2.

Every operation, no matter how simple it appears at
first sight, is capable of being performed in several ways,
and decomposition of the carbide by water may be brought
about either by bringing the water slowly into contact
with an excess of carbide, or by dropping the carbide into

an excess of water, and these two main operations again
may be varied by innumerable ingenious devices by which
the rapidity of the contact may be modified or even
eventually stopped. The result is that although the forms
of apparatus utilized for this purpose are all based on the

one fundamental principle of bringing about the contact

of the carbide with the water which is to enter into double

decomposition with it, they have been multiplied in number
to a very large extent by the methods employed in order

to ensure control in working, and to get away from the

dangers and inconveniences which are inseparable from a

too rapid generation.

In attempting to classify acetylene generators some
authorities have divided them into as many as

six different classes, but this is hardly necessary,

as they may be divided into two main classes :

—

first, those in which water is brought in contact with the

carbide, the carbide being in excess during the first portion

of the operation
;
and, second, those in which the carbide

is thrown into water, the amount of water present being

always in excess. The first class may again be subdivided

into generators in which the water rises in contact with

the carbide, in which it drips upon the carbide, and in

which a vessel full of carbide is lowered into water, and
again withdrawn as generation becomes excessive. Some
of these generators are constructed to make the gas only

as fast as it is consumed at the burner, with the object of

saving the expense and room which would be involved by
a storage-holder. Generators with devices for regulating

and stopping at will the action going on are generally

termed “ automatic.” Another set merely aims at develop-

ing the gas from the carbide and putting it into a storage-

holder with as little loss as possible, and these are termed

“non-automatic.” The points to be attained in a good

generator are :

—

1. Low temperature of generation.

2. Complete decomposition of the carbide.

3. Maximum evolution of the gas.

4. Low pressure in every part of the apparatus.

6. Ease in charging and removal of residues,

6. Removal of all air from the apparatus before generation of

the gas.

When carbide is acted npon by water considerable heat

is evolved
^
indeed, the action develops abont one-twentieth

of the heat evolved by the combustion of carbon. As,

however, the temperature developed is a function of the

time needed to complete the action, the degree of heat

attained varies with every form of generator, and wMe
the water in one form may never reach the boiling-point,

the carbide in another may become red-hot and give a

temperature of over 800* C. Heating in a generator is

not only a source of danger, hut also lessens the yield of

gas and deteriorates its quality. The best forms of

generator are either those in which water rises slowly in

contact with the carbide, or the second main division in

which the carbide falls into excess of water.

It is clear that acetylene, if it is to be used on a large

scale as a domestic iUuminant, must undergo such pro-

39

cesses of purification as will render it harmless and in-

nocuous to health and property, and the sooner

it is recognized as absolutely essential to purify

acetylene before consuming it the sooner will

the gas acquire the popularity it desei\es. The only one
of the impurities which offers any difficulty in removal is

the phosphuretted hydrogen. There are three substances

which can be relied on more or less to remote this com-
pound, and the gas to be purified may be passed either

through acid copper salts, through bleaching pow^der, or

through chromic acid. In experiments with these various

bodies it is found that they are all of them effective in

also ridding the acetylene of the ammonia and sulphuretted

hydrogen, provided only that the surface area presented

to the gas is sufficiently large. The method of washing
the gas with acid solutions of copper has been patented

by Herr A. Frank of Charlottenburg, w’ho finds that a

concentrated solution of cuprous chloride in an acid, the

liquid being made into a paste with kieselguhr, is the

most effective. W‘"here the production of acetylene is

going on on a small scale this method of purification is

undoubtedly the most convenient one, as the acid present

absorbs the ammonia, and the copper salt converts the

phosphuretted and sulphuretted hydrogen into phosphates

and sulphides. The vessel, however, w’hich contains this

mixture has to be of earthenware, porcelain, or enamelled

iron on account of the free acid present ; the gas must be
washed after purification to remove traces of hydrochloric

acid, and care must be taken to prevent the complete

neutralization of the acid by the ammonia present in the

gas. The second process is one patented by Dr UUmann
of Geneva, who utilizes chromic acid to oxidize the

!

phosphuretted and sulphuretted hydrogen and absorb the

ammonia. The third process owes its inception to Lunge,
who recommends the use of bleaching pow^der. Dr Wolff
has found that when this is used on the large scale there

is a risk of the ammonia present in the acetylene forming

traces of chloride of nitrogen in the purifpng boxes, and
as this is a compound which detonates with considerable

local force, it occasionally gives rise to exjJosions in the

purifying apparatus. If, however, the gas be first passed

through a scrubber so as to wash out the ammonia this

danger is avoided. Dr Wolff employs purifiers in w’hich

the gas is washed with water containing calcium chloride,

and then passed through bleaching powder solution or

other oxidizing material.

When acetylene is burnt from a 000 union jet burner,

at all ordinary pressures a smoky flame is obtained, but

on the pressure being increased to 4 inches a magnificent

flame results, free from smoke, and developing an illuminat-

ing value of 240 candles per 5 cubic feet of gas consumed.

Slightly higher values have been obtained, but 240 may
be taken as the average value under these conditions.

When acetylene was first introduced as a commercial

niuminant in England, very small union jet nipples were

utilized for its consumption, but after burning

for a short time these nipples began to carbonize,

the flame became distorted, and then smoking

occurred with the formation of a heavy deposit of soot.

While these troubles were being experienced in England,

attempts had been made in America to use acetylene

diluted with a certain proportion of air which permitted it

to be burnt in ordinary flat flame nipples ; but

the danger of such admixture being recognized,

nipples of the same class as those used in England wrere

employed, and the same troubles ensued. In France,

single jets made of glass were first employed, and then

Bisener, Luchaire, Eagot, and others, made burners in

which two jets of acetylene, coming from two tubes i)laced

some little distance apart, impinged and splayed each other
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out into a butterfly flame. Soon afterwards, Billwffler in-

troduced the idea of sucking air into the flame at or just

below the burner tip, and at this juncture the Naphe;^ or

Dolan burner was introduced in .toerica, the pmcip

employed being to use two small and mdely separated jete

instead of the two openings of the union jet burner, and

to each a minute Bunsen, the acetylene dragging in

from the base of the nipple enough air to s^round and

protect it while burning from contact with toe steatite.

This class of burner has been very successful, and ite

introduction, together with the realization of toe import

ance of purifying the gas before combustion, has removed

perhaps the most important obstacle to the use of this

beautiful iiluminant.

Authorities.— VAcetyUne et ses applications. Paris,

1S96.

—

Lewes, Acetylene. London, 1900.

—

Liebetanz, CcUci'mn--

catbid uvd Acetylcn. Leipzig, 1899.

—

Pellissieb, X Sclaira^e a

Vacdtylene. Paris, 1897.—Pereodil, Le carhure de caleinrti et

Vaotiylhne. Paris, 1897.—Por a complete list of the various papers

and memoirs on Acetylene, see Ludwig’s Fuhrer durcK die gcsammte

CalcvavwavMd’' UKid Acetylen~Lit&i*atur

.

Berlin, 1899.

(v. B. L.)

Achili Island, off the west coast of Ireland, part

of the county of Mayo. Now under the control of the CoH'

gested Districts Board, who have made efforts to improve

the condition of the people. There is now a station at

Achili Sound, which is crossed by a swivel bridge, opened

in 1888. Population, 4677.

geological description of a small portion of the same coast

has been given by the mining engineer Konaud, hut the

interior, possibly a continuation of the Batta plateau, is

nnexplored. The population of Achin in 1898 wa.s esLi-

mated at 535,432, of whom 328 wore Europeans, 39.‘5.3

Chinese, 30 Arabs, and 372 other foreign Asiatics. The

natives of this commercial state arc of very mi.wd origin

(Hindu, Klings, Malay, Arab). They live in

collections of houses and gardens, which coiubino to form

muMms or districts, which again combine to form xaffix,

of which there are three. The chief of a miikini is called

an imemn, of a sagi a panglinM sagi. The people of the

highlands {orang tvMong) differ in many respects from

those of the lowlands {prang haroK). The means ol suIj-

sistence are furnished by the culture of rice, betel ([lenang),

tobacco, and pepper, but agriculture and stock- r.using

both declined during the war. The following induslries

are of some importance—gold-working, weaiion-making,

silk-weaving, the making of pottery, fishing and coasting

trade. The value of the exports (chiefly pepper) has of

late years been about ^658,000, of too imports from

£165,000 to £250,000.

Keuijt. Atjeh en dc Atjehers. Leiden, 1R77 .—Van' I.VN'c.nsf.

Atjeh's Wesskiaty Tijdschr^ Aardrijko. Axustcrdaiu,

1888, p. 226 .—Rekaud. Jaa/rhoth nan. het Ati/nwt'zi'ri. 18h2.

—

Jacobs Setfamille-en Kamponglemn op Oroot Atjrh. Loidcii, 1 89 1,

—SsroucK HuRsaoHJE. De Atje/iers. Batavia, 189 1.

((;. M. K.)

Achin (Dutch Atjeh) and its dependencies form a

government of Northern Sumatra, extending from 2“ 53' N.

on the W. coast to 4“ 32' N. on the E. coast. The area of

Achin is estimated at 20,520 square miles. Since 1874
the valley of the Achin river has been subjugated by
the Dutch. The restriction of export and import to

Achin (1888) and further regulation of the ports (1892),

the death of the traitor Tuku Umar, and the suc-

cessful expeditions of General van Heutsz (1898-99) on
both coasts and in the valley, have broken resistance and
firmly established Dutch government. A scheme to imite

the coasts by a railway is under consideration. The adminis-

trative divisions are as follows—1. Great Achin (the nine
districts within and beyond the military posts) with Poeloe
Wai (isle) ; 2. dependencies (west coast, with the island

of Simalu [Babi or Hog], north coast, east coast, and the
southern settlements of Great Achin). Under the military
and civil chief is a resident (for the regulation of shipping
and Achin affairs), and under him again assistant-residents

for the dependencies. Geographical knowledge of the
Achin valley, river, and coast has been considerably
advanced since 1874. In its upper part, near Selimun,
the vaUey is 3 miles broad, the river having a breadth of 99
feet and a depth of 1^ feet; but in its lower course, north
of its junction with the Krung Daru, the vaUey broadens
to 12| miles. The marshy soil is covered by rice-fields,
and on higher ground by Jeampongs fuU of trees. The
river at its mouth is 327 feet broad and 20-33 feet deep,
but before it lies a sandbank covered at low water by a
depth of only 4: feet. The coasts are low and the rivers
insignificant, rising in the coast ranges and flowing through
the coast states (the chief of which are Pedir, Gighen, and
^malanga on the N., Edi, Perlak, and Langsar on the
E., Kluwah, Rigas, and Melabuh on the W.). The chief
ports are Olehleh, the port of Eotaraja or Achin (formerly
Kraton, now the seat of the Dutch Government), Segli on
Si? Analabu or Melabuh on the

steamers of the Royal Packet Company.
The ^^ief of the soil of Achin is imperfectly under-

wood. With regard to the west coast, Resident vanLa^n has spoken of the Barisan and other parallel ranges
which are characteristic of the island of Sumatra, and a

Achinski a district town of Ilutisia, liast xSiht^ria,

government of Yeniseisk, 110 miles by rail W. of Kims-

noyarsk, and on the Chulym river. It w<i-> fouu(lv<l in

1642, and remained quite insignificant till lately, whon
steamers began to ply on the Chulym to tlit? gold luino.s.

There are tanneries and soap and caudle works. P»q>ula-

tion (1860), 2501 ,• (1897), 6714.

Achronnatic Objectives.—The gcuf iul cMiua-

tion for two lenses in contact and of negligible thick-

nesses is,

P= A(;i--l)-i-B(?t'-. 1),

where P is the power of the combined system, or the
reciprocal of it^ focal length, A and B are the sums of the
reciprocals of the radii of curvatures of the fiivt and
second lenses respectively, and n and n' are the indices of
refraction of the materials of w''hich these two h'ltsrs are
made. It is obvious that in general the value of I* varit'.s

with the refrangibility of light, i.e., with its wave-h^ngth.
The mathematical condition which must obtain in onicr
that the power shall be invariable is that the dexuvative of
this equation shall vanish, or

s=»-''+4;'
Lenses, whether binary or multiple, subject to this con-
dition and employed for the formation of real iim^ros are
called achromatic objectives. These two e<iuations would
serve to determine toe values of A and B, when P is
assumed, and thus completely solve too problem in its
elementary form, were it not unfortunately true that the
value of toe coeffleient (called the dispersive ratio),

for all practicable materials is far from constant throughont
toe range of wave-lengths which are involved in optical
mages. For example, for toe kinds of glass moist generally
employed for large telescopes, this quantity varies from
rSO m the ertreme red to 2-20 in toe extreme violet.

method of fixing upon toe most advantageous value to
substitute in the second equation was not obvious to the
^rher opticians, even to those who produced some of the
finest telescopes now in use • but it is easily demonstrated
that toe value should be that which obtains for li-tot of
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maximum efficiency for the purpose to which it is to be
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Thus, for visual use tile value of correspond-

ing to a wave-length of about 5600 is best, while for
photography with ordinary sensitive plates that for a wave-
length of about 4300, a materially larger value, should be
substituted.

The variability in the dispersive ratio for different
regions of the spectrum gives rise to an imperfection in
achromatic combinations, which, immaterial in small
lenses, becomes of serious consequence in large telescopes
and in spectroscopes. In astronomical telescopes the
defect appears as a fringe of colour, properly violet, about
bright objects

;
it also renders such instruments quite un-

available for photography. In spectroscopes it necessitates
a continuous change in adjustment from one end of the
spectrum to the other. As it constitutes the gravest error
in the modern telescope, many efforts have been made
during more than a century for its elimination. A review
of the success attained necessitates a consideration of
other defects to which objectives are subject. These may
be tabulated as follows :

—

1. Chromatic differences of focal length, or secondary
colour.

2. Chromatic differences of spherical aberration.

3. Chromatic differences of magnification.

4. Zonal differences of magnification.

5. Images by reflections which illuminate the field.

All of these are inherent in refracting objectives, and no
maker, however skilful, is able wholly to eliminate them.
The highest success in designing an objective is only
attainable by a due regard to the relative importance of

these errors, and an adjustment of them to the purpose to

which the instrument is to be applied.

In the table of errors the first is that already considered

and shown to be dependent on the optical properties of the

materials employed; 3 is not distinguishable from this

except in cases where the members of the optical system

are separated, as in microscopes and camera objectives,

and in some forms of telescope; 5, known as “ghosts”
to opticians, is fixed as to number, but the positions of the

images can be advantageously restricted. To explain the

errors 2 and 4, especially important for our present pur-

pose, another term must be first defined.

When a single lens is used for forming an image of a

remote object, it is found that the povrer of the lens always

increases continuously with the distance of the portion

used from the axis
;
in other words, the focal lengths of

the concentric zones, into which the lens may be regarded

as divided, continuously decrease with their diameters.

This phenomenon, whose magnitude depends upon the

shape as well as upon the power of the lens, is called

spherical aberration. It is easy to see that it would be

possible to combine a positive lens of such a shape as to

yield a small degree of spherical aberration with a properly

formed negative lens, even numerically less in power, so

as to give a combination free from aberration for light

of a chosen refrangibility. An achromatic combination

which meets this condition for remote sources of light is

a telescope objective. If free from spherical aberration

for yellow light it vdll still possess aberration for light of

less refrangibility, while for shorter wave-lengths it will be

over-corrected, or have negative aberration. This property,

given as 2 in the table, is quite negligible in telescope

objectives constructed of ordinary materials, but in micro-

scopic objectives of high efficiency it becomes by far the

most serious error.

The error 4 is illustrated in the preceding paragraph

as accompanying spherical aberration. In a combined

system it may exist independently of such aberration,

41

and it is especially to be avoided in all instruments in

vhich precision of images at even moderate distances from
the axis is desired, such as mendian instruments, helio-

meters, and in all photographic objectives. The analjlical

condition for this end is that the sine of the angle of

deviation of the light of each zone, in the production of

an axial image, shall bear a constant ratio to the diameter
of the zone.

The extent of secondary colour error (1 of the table)

is pretty nearly independent of the kinds of glass em-
ployed, provided that only uilicic acid, soda, potash, lime,

or oxide of lead enter into the composition of the materials.

Fraunhofer seems to have experimented with boracic acid

as a partial substitute for silica, but without satisfactory

results. The experiments of the eminent Jena glass-

makers with [)hosphate crovns and borate Hints are

optically highly successful, but unfortunately none c»f these

materials is permanent. Piecent expeiiments by the same
makers with a very light Hint and a dense crov n are more
promising, but the chromatic differences of spherical aber-

ration are so great, even when the ratio of focal length to

aperture is unduly increased over the customary value,

that the gain for astronomical use is problematical.

Doubtless the Jena potash crown and a boro-silicate Hint

make the best binary combination for visual telescopes,

although the crowm has the great disadvantage of being

strongly hygroscopic. A triple combination of ordinary

crown and Hint with a boro-silicate flint has been used

with success, but the necessary increase of focal length,

together vith the fact that the number of harmful reflec-

tions is increased from six, the nmnber of the binary lens,

to fifteen, renders the advantage in telescopes of large size

questionable. A quadruple cemented combination of

ordinary crown and flint with ])otabh crown and boro-

silicato flint, is practically peifcct for small telescopes, and
can be unhesitatingly recommended for spectroscopic use.

In microscope objectives the unrecognized error of

chromatic differences of spherical aberration rendered all

advance in the improvement of that important aid to

scientific research nearly stationary for a third of a century,

until Abbe made the brilliant discovery that it is possible

to eliminate it by a prox')er separation of the parts of the

optical system. Yery summarily stated, his method is

this—a front, often quite comiJex in construction,

strongly under-corrected for both colour and sphericity,

is increased in power by a back system over-corrected in

both particulars to the requisite degree. The character of

the image produced is found to vary greatly with the

sexiaration of the two systems, so that with successive

trials a solution may ultimately be discovered in w^hich the

defect in question disappears. It is true that this process

necessarily introduces the error 3 in a very marked degree,

but this may bo x^ractically comx^ensated by employing an

ocular with equivalent errors of an ox>x^osite sign.

The x^roper method of designing an objective, after

finding the ox^tical constants of tlie materials which are to

be eniX3loyed, is to deduce the values of A and B from the

equations above, and then, assuming a ratio for the two

radii of the first lens which exx^erience has sliowm to

apx^^oximate to the form desired, find by successive trigo-

nometrical computations (not neglecting thicknesses and

sexmrations) the remaining constants of construction which

adjust the various errors to the best values for the purposes

to which the objective is to be apxffied/ (c. s. H.)

Acid and Alkali Manufacture. — We
comprise under this heading the manufacture of the three

great mineral acids (sulphuric, hydrochloric, and nitric),

and that of the carbonate and hydrate of sodium, from

which, however, the manufacture of chlorine and its com*

S. 1 — 6
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j) hiukI-; CJXnnot be entirely .seiiaratecl. The manufacture of

.. Ms and alkaU, understood .v. above, is by far the most

1. iiHjrUat of inorganic elieniical industries, and occupies

tb • neat bulk of the cai>ital and labour employed in that

du.s-tiun. It Is, at the aiine time, the indispen^ble ^ound-

aork <it all organic chemical industries, as well as of glass-

i>a])eMnakiiig, and iiuiiiy other Lranches of

i ‘llvitV. We can here give merely an outline of the

made in thc.se inaniifactiirea during the last

} v'tmty-tive years, and of their actual state and their

prfh.neet^ for the iinniediate future.
__

Suip/iunc Acid (comp. Fnc^. Brit. vol. xxii. p. 636),—

Niarly all sulphuric acid, in its various states of dilution

witli water, is still made by the old lead-chamber process,

while all sulphuric anhydride, SO3, together with its solu-

tions in sulphuric acid, known as fuming or Nordhausen

oil of \itriol, is now made by the “contact process. The

l.i 'll-named process is probably destined to supersede the

lead-chamber process in the near future for the manu-

facture of concentrated sulphuric acid, i.e,j acid containing

Ufl [)er cent, HjS04 and upwards. Acid, however, of less

<‘oacentration (iSO per cent, and below) has so far been

made more advantageously by the old process, and this

atatt* of alBiirs will probably continue, at least until the

rPNpective patents liave run out, especially since the large

capiUl sunk in lead chambers is necessarily looking for

isOimo return, and is not likely to be abandoned without a

deteimined struggle.

Thu first step is common to both processes, viz., the

Tuauufacture of more or less dilute sulphur dioxide from

cl ‘incntary sulphur, or from such sulphur compounds as

readily act upon atmospheric oxygen with formation of

sulphur dioxide {sulphurous anhydride, SO3). The ele-

lacutiry sulphur is generally native brimstone, though in

excei>tional cases use is made of the sulphur recovered as

a by-product in the manufacture of coal-gas, or from

alkali wnste, &c. The great bulk of the brimstone of

couuiinerce still comes from Sicily (comp. Byicy. Brit, vol.

xxii. p. 634) ; m comparison mth this source of supply,

the brimstone obtained in Japan and a few other localities

plays but a very secondary part, and the great deposits of

sulx>hur stated to exist in other localities, such as the

southern states of North America, Mexico, Daghestan, &c.,

have not as yet been made available to any considerable

extent. The production of sulphur dioxide from element-

ary sulphur seems a very simple operation; yet room has
been left for many improvements made during the last

by the introduction of continuously working
burners, and by the utilization of the heat generated during
the process. In most localities brimstone is too expensive

an agent for the manufacture of sulphuric acid
;

in Eng-
land it is used to a very limited extent for the manufac-
ture of acid fi*ee from ar&enic, and to a much larger

extent in North America and Japan, but hardly at all in

other countries. The great bulk of sulphuric acid is made
by “ roasting metallic sulphides, principally pyrites and
blende^ Pyrites in the pure state, FeS^, occurs in many
countriesJm large quantities

;
most of that burned in the

Ifnited Kingdom comes from Spain, and contains a small
qtiantifey of copper which is extracted from the residues
(“dnders”), Spanish pjuites is also used in Germany,
h'nuice, and America, together with the pyrites mined in
those countries. Good pyrites contains from 48 to 50 per
cent-, and exceptionally good, 52 per cent, of sulphur, of
whicli from 1 to 4 per cent, or upwards is left in the
cinders^ Blende, the most important of zinc ores, contains
only about half as much sulphur, which is, moreover,
Immed off with much more difficulty

;
but as this has to be

in any case, in order to prepare the ore for the ex-
trwston of the metal, and as suitable apparatus has been

alkali manufacture
constructed for tke purpose, verj large quantities of sul-

phuric acid are now made from blende, especially

Germany and Belgium, and to some extent also m Jlng-

land and America.
-.i .

The roasting of pyrites always takes place witnout

using any extraneous fuel, the heat given off by the oxida-

tion of the sulphur and the iron being quite sufficient to

carry on the process. If the ore is in pieces of the size of

a walnut or upwards, it is roasted in j^lain “ kilns or

“burners,” provided with a grating of suitable construction

for the removal of the cinders, with a side door in the

upper part for charging in the fresh ore on the top of the

partially burned ore, and with an arch-shaped roof, from

which the burner-gas is carried away in a ffue common to

a whole set of kilns. The latter are always set in a row

of twelve or more, and are one after another charged once

or twice a day at appropriate intervals, so that a regular

evolution of gas takes place all the day round. By em-

ploying suitable precautions, a gas of approximately

uniform composition is obtained, containing from 6 to 8

per cent. SO2, with a little SOo, and about 12 ]">er cent.

of oxygen, which is more than sufficient for converting

later all the SOg into SO3 or HgSO^. The burning ot

“ smalls ” or “ dust ” was formerly"considered much more

difficult and incomplete than that of pieces, but this diffi-

culty has been entirely overcome in various ways, prin-

cipally by the “shelf-burner,” originally constructed by

Maletra, and by mechanical burners, which were formerly

almost entirely confined to America, where the saving of

labour is a primary consideration. Quite recently the

Herreshoff mechanical burner (developed from a burner

constructed many years ago by M‘Dougal Bros., of Liver-

pool) is making its way also in Europe. The roasting ot

blende is nothing like so easy as that of pyrites, since the

heat developed by the oxidation of the zinc sulphide

itself is not sufficient for carrying on the process, and ex-

ternal heat must be applied. It is now usually performed by
a series of muffles, superposed one over another, so that the

whole forms a kind of shelf-burner, with internally heated

shelves (the “Bhemania” furnace). This operation is

both more costly and more delicate than the roasting of

pyrites, but it is now perfectly well understood, and gas is

obtained from blende furnaces hardly inferior in quality to

that yielded by pyrites kilns. In America, and quite

exceptionally also in Europe, mechanical furnaces are used
for the roasting of blende.

Both kinds of gas, when issuing from the burner, hold
in mechanical suspension a considerable quantity of “ fine-

dust,” wffiich must be removed as far as is practicable

before the gas is subjected to further treatment. Flue-
dust contains principally ferric oxide, zinc oxide, arsenious
and sulphuric acids, and small quantities of the various
metals occurring in the raw ore. All the thallium and
selenium on the market is obtained from this source.

Sometimes the burner-gas is employed directly for the
sake of the SOg which it contains, principally in the
manufacture of “ sulphite cellulose ” from wood. If it m
to be utilized for the manufacture of sulphuric acid, the
practice up to the present has been, with few exceptions,
to carry it into “ lead chambers ” (vitriol chambers), which
are immense receptacles constructed of sheet-lead burned
together without any solder and suitably supported out-'

side by wooden or iron framework. In these the sulphur
dioxide acts upon the oxygen contained in the same gas,
and upon water introduced as a spray or in the shape of
steam, and the reaction 80

^
+ 0 + H^O = HgSO^ is brought

about. As, however, this reaction of its own accord takes
place only to a very small extent, an “ oxygen carrier ” is
always introduced in the shape of the vapours of nitric
acid or the lower oxides of nitrogen. By the play of
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reactions induced in tliis way, practically the whole of the
SO2 is ultimately converted into sulphuric acid, and at
the same time the nitrogen oxides are always recovered
with comparatively very slight losses and made to serve
over again.

The reactions taking place in the vitriol chambers are
very complicated, and have been explained in many differ-

ent ways. The view now accepted by most chemists is

that developed by Lunge, according to which there are
two principal reactions succeeding each other, it may be
in quite contiguous places, but under different conditions.

Where the nitrous fumes prevail and there is less water
present, sulphur dioxide combines with nitrous acid and
oxygen to form nitroso-sulphuric acid, a crystalline sub-

stance of the formula S02(0H)(0N0). The reaction is

therefore;—SOg + O + NOgH^SOgl^H. The solid sub-

stance is, however, only exceptionally met with, as it at

once dissolves in the mist of sulphuric acid floating in

the chamber, and forms “nitrous vitriol.” WTierever this

nitrous vitriol comes into contact with liquid water (not

steam), which is also present in the chamber in the shape

of mist, and practically as dilute sulphuric acid, it is

decomposed into sulphuric and nitrous acid, thus :
—

S02(0H)(9N0) + H2O = H2SO4 + NOoH. The re-formed

nitrous acid, although not stable, any more than is its

anhydride, nevertheless the “oxygen carrier” in

question, as the products of its spontaneous decomposition,

when meetingAvithother compounds, alwaysreactlikenitrous
acid itself and thus may transfer an indefinite quantity of

oxygen to the corresponding quantities of SOg and HgO,
with the corresponding formation of H2SO4. This theory

at once explains, among other things, why the acid formed

in the vitriol chambers always contains an excess of water

(the second of the above-quoted reactions requiring the
“ mass action ” of this excess), and why the external cool-

ing produced by the contact of the chamber sides with the

air is of great importance (liquid water in the shape of

a mist of dilute sulphuric acid being necessary for the

process).

The commercial production of sulphuric acid impera-

tively requires that the nitrogen oxides (which originally

were always introduced in the shape of nitric acid) should

be available as long as possible, before being lost mechanic-

ally or by reduction to the inactive forms of nitrous oxide

or elementary nitrogen. The first step towards securing

this requirement was taken as early as 1827 by Gay-

Lussac, who discovered that the nitrous fumes, otherwise

carried away from the lead chambers by the waste atmo-

spheric nitrogen and oxygen, could be retained by bringing

the gases into contact with moderately strong sulphuric

acid, the result being the formation of nitroso-sulphuric

acid: 2H2S04 + N2<^3 = 2S02(OH)(ONO) + H20, and the

latter remaining dissolved in sulphuric acid as “nitrous

vitriol.” But this important invention was of little use

until John Glover, about 1866, found that the nitrous

vitriol could be most easily reintroduced into the process

by subjecting it to the action of burner-gas, before this

enters into the lead chambers, preferably after diluting it

with chamber acid, that is, acid of from 65 to 70 per cent.,

H0SO4, as formed in the lead chambers. The reaction is

then : 2S02(0H)(0N0) + SOg + 2H2O = 3H2SO4 + 2NO ^

that is to say, all the “nitre ” is returned to the chambers

in the shape of KO ;
the sulphuric acid employed in the

Gay - Lussac process is not merely recovered, but an

additional quantity is formed from fresh SO2 j
as the heat

of the burner-gases also comes into play, much water is

evaporated which supplies part of the steam required for

the working of the chambers j
and the acid issues from

the apparatus in a “ denitrated ” and sufficiently concen-

trated state (78 to 80 per cent. HgSOJ to be used over
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again for absorbing nitrous vapours or any other purpose
desired. Since that time, in every properly appointed
sulphuric acid manufactory, the following cycle ol opera-

tions is carried out. To begin wdth, in the burners pyrites

(or, as the case may be, brimstone or blende) is made to

yield hot burner-gas, containing about 7 per cent, (in the

case of brimstone 10 or 11 per cent.) of fe02- This, after

having been deprived of most of the flue-dust, is passed

through the “ Glover tower,” i,€.^ an upright cylindrical or

square tower, consisting of a leaden shell lined with heat-

and acid-proof stone or brick, and loosely filled or “ packed ”

with the same material, over w^hich a mixture of acid from
the Gay-Lussac tower and from the chambers trickles

down in such proportions that it arrives at the bottom a.s

denitrated acid of from 78 to 80 per cent. The gases

then pass on to the “ chambers,” structures of lead,

generally about 20 ‘feet wide, 18 feet high, and 100 or

150 feet long. Several such chambers are usually com-
bined to a “set,” with a cubic capacity of as much
150,000 cubic feet or even more. Here the gases meet
with more nitrous vapours, and with steam, or with water,

converted into a fine dust or spray. Here the reactions

sketched above take place, so that “chamber-acid” as

already described is formed, while a mixture of gase^

escapes containing all the atmospheric nitrogen, some
oxygen in excess, about 0*5 per cent, of the total SOg, and
some oxides of nitrogen. This gas is now passed through
the Gay-Lussac tow^er, which somewhat resembles the

Glover tower, but is usually filled with coke, over which
sulphuric acid of about 80 per cent., H^SO^, trickles

down in sufficient quantity to retain the nitrous vapours.

Ultimately the w^aste gas is drawn off by a chimney,
or sometimes by mechanical means.

Of course a great many special improvements have been
made in the plant and the working of chamber systems

;

of these we mention only some of the most important.

By judiciously watching all stages of the process, by
observing the draught, the strength of the acid produced,

the temperature, and especially by frequent analyses of

the gases, the yield of acid has been brought up to 98 per

cent, of the theoretical maximum, with a loss of nitre

sometimes as low as two parts to 100 of sulphur burned.

The supply of the nitric acid required to make up this

loss is obtained in England by “ potting,” that is, by
decomposing solid nitrate of soda by sulphuric acid in, a
flue between the pyrites burners and the chambers. On
the Continent makers generally prefer to employ liquid

nitric acid, which is run through the Glover tower to-

gether with the nitrous vitriol. Although this method
appears more troublesome, it allows the amount of nitre

to be more easily and more accurately regulated. The size

of the Glover towers, and more especially that of the Gay-
Lussac towers, has been progressively increased, and
thereby the cube of the lead chambers themselves has

been diminished to a much greater extent. By improved
“packing,” the towers have been rendered more durable,

and in the case of the Gay-Lussac tower, the loss of nitre

has been diminished by avoiding the use of a coke pack-

ing, which acts upon that substance as a reducing agent.

Many attempts have been made to reduce the chamber

space by apparatus intended to bring about a better

mixture of the gases, and to facilitate the interaction of

the misty particles of nitrous vitriol and dilute acid flioat-

ing in the chamber with each other, and with the chamber

atmosphere. The earliest really successful, and stiU the

most generally applied apparatus of this kind, is the

Lunge-Eohrmann “plate columns” or “reaction towers”

placed between the chambers, but though this and similar

apparatus has proved to be very useful in the later stages

of the process, it has not been found practicable to do
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away witli the lead chambers entirely.^ The pumping of

tlie acids up to the top ol the towers is now always per-

torniod by means of compressed air, either in the old

‘‘acid eggs/^ or more economically in “pulsometers.”

of the sulphuiic acid manufactured is not required

to be of higher strength than is furnished by the vitriol

chambers, either directly (65 to TO per cent.), or after a

passage through the Glover tower (78 to 80 per cent.)

This, for instance, holds good of the acid employed in the

manufacture of sulphate of soda and hydrochloric acid

from common salt, and in the manufacture of superphos-

phates. But for many purposes more highly concentrated

acid is required Until quite recently all such acid was
made by boiling down the dilute acid, for which purpose
a great variety of apparatus has been invented. The first

question is always that of material. Lead can be used
for the purpose only when the boiling-point of the acid is

reduced by means of a vacuum—a plan which has not met
with much success. Formerly glass vessels were generally
employed and they still survive in England, but elsewhere
they are not much used Porcelain, enamelled iron, for
high concentrations even cast-iron without any protection,
are also in use. On the Continent platinum vessels have
been for a long time almost universal, and they have been
recently greatly improved by an internal lining of gold.
The second consideration is the form of the vessels

;
these

niay be open pans or dishes, or closed retorts, or combina-
tions of both. We also note the Faure and Kessler
apparatus, which consists of a platinum pan, surmounted
by a double-walled leaden hood, in such a manner that,
while the hood is constantly cooled from the outside by
water, the thin acid condensing on its inside is carried
away without being allowed to flow back into the pan.
The majority of acid makers, however, prefer retorts made
entirely of platinum, preferably provided by the Heraeus
process with a dense, closely adherent coating of gold, includ-
ing the top or “ dome.” The new Kessler furnace is a very
ingenious apparatus, in which the Are from a gas-producer

sulphuric acid contained in a trough made
of Volnc lava, and surmounted by a number of perforated
p^tes, over which fresh acid is constantly running down •

the temperature is kept down by the production of a
vacuum, wMch greatly promotes the volatilization

of the water, whilst retarding that of the acid. This

w ^ is al^ very well adapted for impure acids, unsuit-
able fo^pktmum or pktinum-gold stills on account of the
crusts forming at the bottom of the retorts: and it ismore and more coming into use both in Great Britainand on the Continent A third consideration is the con-
densalaou of the -vapours formed in the concentrating pro-fu^» the concentration proceeds the^more
snlphnrm md they contain. Condensation is a cmnSS

task in the case of platinum appar^t^St
or pomelam beakers or retorts it presents greatd^taes. In this respet the Kesder furmce has also

KitSiSK The highest strength practi-^y i^tamble by boiling down is 98 per cent. ILSO^ this is ody exceptionally reached, ^ce it

SJtfSSSr S

Mm zrr »» I«r H,SO,
nor cfiTif if j process beyond 98p« wt, It IS foni^ that the add which distils ol.

°

stronfr a*
acid which distils over is as

bftHnd. Beal “mono-DeuiucL Keal “mono
approaching 100 per cent can be made

V the addition a£ an-™ the shape of foniing acid.
«• ^wiat4a«se» ml of vitriol, a mixture or

chemical compound of with more or less SO^, lias

been made for centuries by exposing pyritic schist to tlio

influence of atmospheric agents, collecting the solution < >f

ferrous and ferric sulphate thus formed, boiling it dow ri

into a hard mass (“ vitriolstein ”) and heating this to a
low red heat in small earthenware retorts. fc:>ince about
1800 this industry had been confined to the north-west of

Bohemia, and it survived just till 1900, when it was
entirely abandoned—not because its product had become
any less necessary, but, quite on the contrary, becaiuso thi^

enormously increasing demand for fuming sulphuric acKl,'

arising through the discovery of artificial alizarine <uul
other coal-tar colours, could not possibly bo supplied by tlic

clumsy Bohemian process. Other sources of siqqily jiad
accordingly to be sought, and they were found by going
back to a reaction known since the first quarter of tlu^ J 9 t h
century, when Doebereiner discovered the combination ol
SO^ and O into SO3 by means of spongy i>latinnni. 'I'liis

reaction, now known by the name of the catalytic or ('on-
tact process, was made the subject of a patent by Philips,
in 1831, and was tried later in many Avays, but iiad
been always considered as useless for practical pm poses
until 1875, when it was simultaneously and indc»perid-
ently l^ken up by Clemens Winkler in .Freiberg, ami
by Sq^uire and Messel in London. Both these luvtmtojs
began in the same way, viz., by decomiiosing or<ltn«iry
sulphuric acid by a high temperalurc into SO.,, O, anilH2O (the last of course being in the shape of sb'am),
absorbing the water by sulphuric acid, and (‘arising tin*
SO^andO to combine to by means of rnodcrat(*lv'
heated platinum in a fine state of division. Winkler
showed that this division was best obtained by soakim*'
asbestos with a solution of platinum chloride and re<hi^
cing the platinum to the metallic state, and he (Ie«(‘ribed
later a specially active kind of “ contact substance
prepared^ from platinum chloride at a low temperature
This revival of the synthetical production of SO at 1
period when this article had suddenly become great
importance, caused the greatest excitement among ch<‘nustH
and led to numerous attempts in the same direction, some

sufiiciently successful to comprUe
•with the Bohemian process. It was soon found tluit the
production of a mixture of and 0 from hulpliuric

described, was both too troublesoiuo and
costly, and after a number of experiments in other (lin>c-
tious inventors went back to the use of ordinary bunicr-
gas from pyntes and sulphur burners. For a good manvyears the further development of this industry was sur-

StS'J is now knovvn that .isatisfactory solution of the difficulties existing in theabove respect wm attained in several places, for instanceat Fraberg^d in London, by the labours of the orifrin-J

^cffities were mostly caused by the solid impuritk-s

•ho™ lis t««p«mtop.“»iniAd for ae“?,«aosS"of SO°

^et^h, (rf the Badische AniUn-uS
Ludwigshafen. hut kenf- Qtni/»+i x

^^da-Fabnk, atg naien, out xept stnctly secret until 1899, when
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tlie patents were published. The principal features of
this invention are, first, a much more thorough purifica-
tion of the burner-gas than had been practised up to that
time, both in a chemical and a mechanical sense, and
second, the prevention of superheating of the contact
substance, which formerly always occurred by the heat
generated in the process itself. As the Badische process
effects this prevention by cooling the contact apparatus by
means of the gaseous mixture to be later submitted to
the catalytic action, the mixture is at the time heated
up to the requisite temperature, and a considerable saving
of fuel is the consequence. Altogether this process has
been brought to such a pitch of simplicity and perfection,

that it is cheap enough, not merely for the manufacture
of fuming oil of vitriol of all strengths, but even for that
of ordinary sulphuric acid of chamber-acid strength, while
it is decidedly cheaper than the old process in the case of
stronger acids, otherwise obtained by concentration by
fire. It should be noted that these are not the results of
a few years’ working with an experimental plant, but of

many years’ work with large plant, now equal to a
capacity of 120,000 tons of pyrites per annum. It is

therefore not too much to say that, in all probability, the
contact process will ultimately be employed generally for

concentrated acids. Still, for the reasons given in the
beginning of this article, the revolution thus impending
will require a certain time for its accomplishment. Since
the Badische process has become known, several other new
contact processes have come into the field, in some of which
ferric oxide is employed as contact substance, but we must
refrain from describing these in detail.

Hydrochloric Acid and Sulphate of Soda.—^As long as

the Leblanc process was paramount in alkali manufacture,

the decomposition of sodium chloride (common salt) by
sulphuric acid was in the first instance carried on for the

purpose of obtaining sulphate of soda, commercially known’
as ‘‘ salt-cake.” Hydrochloric acid (muriatic acid) was a
necessary by-product of the reaction : 2NaCl + HgSO^=
Na^SO^ -1- 2HC1, but in some cases it was altogether treated

as a waste-product, which at the same time constituted a
great nuisance. Generally it was more or less perfectly

recovered, but only exceptionally was it utilised to the

fullest possible extent. The technical progress of the

manufacture of hydrochloric acid (comp. Hncy. Brit. vol.

V. p. 678, and vol. xxii. p. 243) was promoted, to an extent

perhaps unique in the history of legislative efforts, by
the passing of the Alkali Acts, in 1863, 1874, 1881,

and 1892, owing to the exemplary way in which the

duties as inspector under these Acts were carried out by

the late Dr R. Angus Smith and his successors, who
directed their efforts not merely to their primary duty

of preventing nuisance, but quite as much to showing

manufacturers how to make the most of the acid formerly

wasted in one shape or another. Not merely Great Britain

but all mankind has been immensely benefited by the

labours of the British alkali inspectors, which were of

course supplemented by the work of technical men in all

the countries concerned. The scientific and technical

principles of the condensation of hydrochloric acid are

now thoroughly well understood, and it is possible to

recover nearly the whole of it in the state of strong

commercial acid, containing from 32 to 36 per cent, of

HCl, although probably the majority of the manufacturers

are still content to obtain part of the acid in a much

weaker state, merely to satisfy the requirements of
^

iihe

law prescribing the prevention of nuisance. The principles

of the condensation, that is of converting the gaseous HCl

given off during the decomposition of common salt into a

strong solution of hydrogen chlonde in water, can be sum-

marized in a few words. The vapours of HCl, which are
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always diluted with air, sometimes to a very great extent,
must be brought into the most intimate contact possible
with water, which greedily absorbs the gas, forming
ordinary hydrochloric acid, and this process must be
carried so far that scarcely any HCl remains in the
escaping gases. The maximum escape allowed by the
Alkali Acts, viz., 5 per cent, of the total HCl, is far above
that which is now practically attained. For a proper
utilization of this condensed acid it is nearly always
impei-ative that it should be as strong as possible, and this

forms a second important consideration in the construction
of the condensing apparatus. Since the solubility of HCl
in water decreases with the increase of the temperature,
it is necessary to keep the latter down—a task which is

rendered somewhat difficult both by the original heat
retained by the gases on their escape from the decomposing
apparatus and by the heat given off through the reaction

of HCl upon w’ater.

Very different methods have been employed to effect all

the above purposes. In Great Britain Gay-Lussac’s coke
towers, adapted by Gossage to the condensation of hydro-
chloric acid, are still nearly everywhere in use, frequently
combined with a number of stone tanks through which
the gas from the furnaces travels before entering the
towers, meeting on its way the acid condensed in the
tower. This process is excellent for effecting a complete
condensation of the HCl as prescribed by the Alkali Acts,
and for recovering the bulk of the acid in a tolerably

strong state, but less so for recovering nearly the whole
of it in the most concentrated state, although even this is

occasionally attained. On the Continent, where the last-

named requirement has been for a long time more urgent
than in Great Britain, another system has been generally

preferred, namely, passing the gas through a long series

of stoneware receivers, and ultimately through a small
tower packed with stoneware or coke, making the acid

fiow in the opposite direction to the gas. Great success

has also been obtained by specially - constructed ‘‘jdate

towers ” (already mentioned in connexion with their

application to the manufacture of sulphuric acid), which
allow both the coke towers and most of the stoneware
receivers to be dispensed with.

Improvements in the construction of the condensing
apparatus had to go hand in hand with those in the con-

struction of the “salt-cake furnaces” for treating the

common salt with sulphuric acid. The ordinary way of

effecting this treatment is to carry out the first reaction

in cast-iron pans or “ pots,” fired from below, and to com-
plete it by applying a higher temperature in a “roasting-

furnace.” ’ If the latter is constructed as a reverberatory

furnace, where the HCl given off is mixed with the pro-

ducts of the combustion of the fuel, the acid obtained

during this part of the operation is necessarily weak. It

is therefore altogether preferable to construct the roasting-

furnace as a “ muffle,” heated only on the outside, although

the expenditure of more fuel is thus involved. Tie
drawback formerly caused by leakages of acid gases into

the fire-flues through cracks in the muffle has been re-

moved by the construction of “plus-pressure furnaces.”

Many and often very costly attempts have been made
to construct mechanical salt-cake furnaces. Of these

Mactear’s furnaces have met with the greatest success,

though this is limited by the fact that, apart from their

great cost, they yield the hydrochloric acid in a weaker

state than hand-wrought furnaces. For this reason they

have been abandoned in some places, and are not likely to

be generally introduced. The same holds good of the

“direct salt-cake process’* of Hargreaves and Robinson,

in which salt is subjected to the action of bumer-g^ses

and steam at a low red heat, thus effecting the reaction :
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without the

iiXaGl -h SO , + 0 +HP =:= Na^SO^ + 2HC1,
^

interveiition*^of lead Chambers.

ciuires complicated and costly plant, has been most

ingeniously elaborated by the inventors, and has been

nude a perfect success for the manufactoe of very pure

sulphate of soda, also for the complete condensation of the

HCl but the latter is less easily obtained in the strong

sUte possible with muffle furnaces, owing to the dilution

of the gas with nitrogen, &c. (comp. Fncy. JBnt. vol. xxii.

^
*

The manufacture of sodium sulphate and hydrochloric

acid has been put on an entirely^ different economical

basis through several great changes in the alkali industry,

wliich have checked the further expansion of the Leblanc

process. This process, which formerly absorbed most of

the salt-cake produced, is giving place more and more to

the ammonia - soda process, which starts directly from

sodium chloride. Outside Great Britain the Leblanc

process now plays a very subordinate part, and in Great

Britain itself it will certainly not spread any farther

and will probably ultimately succumb, although this may

be in a somewhat remote future. The only other con-

siderable outlet for salt-cake is the manufacture of glass,

which naturally cannot be indefinitely extended. These

circumstances, by restricting both the quantity and still

more the value of the sodium sulphate, necessarily con-

ferred a greater value upon the hydrochloric acid manu-

factured along with it
j
and as this acid was until recently

indispensable for the production of chlorine, the enhanced

price of bleaching-powder and chlorate of potash for a time

compensated the manufacturer for his loss on the salt-cake,

and thus again reacted favourably on the economical

aspect of the Leblanc process. Much more attention is

now devoted than formerly to the preparation of the

hydrochloric acid in a strong state, and to processes

intended to make it yield a greater amount of chlorine.

The recent development of the electrolysis of the alkaline

chlorides necessarily again decreases the value of the

hydrochloric acid obtained in the manufacture of salt-cake,

and must in the end lead to a further restriction in the

production of the latter.
*

The Manufacture of Alkali—^The term “alkali” is

usually applied to several sodium compounds, viz., the

hydrate (caustic soda), the carbonate (soda-ash), and the
bicarbonate. The corresponding potassium compounds
are almost exclusively made in Germany, from Stassfurt

salts, and in France, from the “ vinasse ” of beet-root

manufactures. The alkaH manufacture in this sense is

intimately connected with the chlorine industry, and both
have for a long time formed the most important bf British
chemical industries. In voL xxii. p, 342 a description
has been given of the two principal forms of the soda
manufacture, viz., the Leblanc process and the ammonia-
soda process. The Lehlanc process was for a long time
that by which nearly all alkali was made. During the
last decade many improvements have been effected in all
its stages, principally by the development of mechanical
furnaces and by attention to details

i
in this connexion

Dr Hurter^s name should be especially mentioned. Its
gimte^ drawback, viz., the loss of the sulphur originally
introdi^ into the process, and formerly only imperfectly
and at not sufficiently small cost recovered from the
Jta^-wasfce^ by the processes of Mond and Schafiher,
has been overcome by tim Olaus-Chance sulphur recovery
pro^sa This consists in decomposing the calcium sulphidem tank-wastCy whMi had been previously reduced to
# ton wate^ paste, by means of impure carbonic acid in
itomm of hmaiiln^ and converting the resulting

into snlphurie acid, or, preferably, into a very
JiNto of free sulphur. Thus 85 per cent, of the

sulphur is recovered in a much more valuable form than

it originally possessed in the shape of pyrites, and

remaining 15 per cent, as well as the solid residue of the

operation are at least rendered innocuous.

In spite of these great improvements the Leblanc

process cannot economically compete with the a7}imoma'

soda process, principally for two reasons. The sodium in

the latter costs next to nothing, being obtained from

natural or artificial brine in which the NaCl possesses an

extremely slight value. The fuel required is less than

half the amount used in the Leblanc process.
^

Moreover,

the process has been gradually elaborated into a very

complicated and costly, but perfectly regularly working

scheme, in which the cost of labour and the loss ot

ammonia are reduced to a minimum. The only way in

which the Leblanc process could still hold its own was by

being turned in the direction of making caustic soda, to

which it lends itself more easily than the ammonia-soda

process; but the latter has recently invaded even this

field. One advantage, however, still remained to the

Leblanc process. All endeavours to obtain either hydro-

chloric acid or free chlorine in the ammonia-soda procc^ss

turned out economical failures, all the chlorine of the

sodium chloride being ultimately lost in the shape c>f

worthless calcium chloride. The Leblanc 2)rocess tlms

remained the sole purveyor of chlorine in its active shapes,

and in this way the fact is accounted for tliat, at le<ist hi

Great Britain, the Leblanc process still furnishes near!

y

half of all the alkali made, while in other countrioH its

proportional share is very much less. The jirolit madt*

upon the chlorine produced has to make up for the loss

on the alkali,

But the position still held by the Ixblanc process is

seriously threatened by the development of the clecf7'oli/tir

decomposition of the alkaline chlorides, which has taken

place principally since 1890. These processes possess *soiut^

of the advantages of both the old processes. They start

with the cheapest form of NaCl, viz., brine ; and they at

once furnish the most valuable form of alkali, viz., caustic

soda, and at the same time either free chlorine, or, directly,

bleaching-liquor of chlorates. Up to a certain stage they

require no fuel, except for the production of energy, which
maybe furnished by the cheapest kind of motors,—best of

all, by water-power. Only for the conversion of the strong

solution of alkali obtained in the electrolytic cell into a
solid form is some fuel indispensable. The great diffi-

culties at first experienced with electrodes and diaphragms
do not seem to exist any more

;
and so far as the produc-

tion of chlorine compounds is concerned, there seems to be
nothing to stop the triumph of electrolysis over the old
processes, which were described in vol. v. p. C78. We
must not omit to notice that the electrolysis of sodium
chloride and the manufacture of alkali in a commercial
shape are decidedly more difficult than the corresponding
operations in the case of potassium chloride. But
to the inroads of electrolysis into the domain of alkali
manufacture, there is one natural limitation brought about
by the fact that this process produces for each 40 parts
of NaOH, equivalent to 53 parts of Na^COj, 35-5 parts of
chlorine, which yield about 100 parts of bleaching-powder,
whereas the present consumption of chlorine products is
in the proportion of about one part of bleaching-powder
(or its equivalent of chlorates) to five parts of alkali.
Maiufestly only that quantity of alkali can be made which
corresponds to the sale of the chlorine products necessarily
made at the same tune, and this means that about nine-
tenths of the alkali consumed must he made in other
ways. As far as we can see, the ammonia-soda process^ supply the principal portion of the great remainder,
but for sotue time the Leblanc process will still contribute
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a bhare, and “

natural soda ” from California, from Egypt
.fee (comp. Tol. sdi. p. 240) wiU come in to a cerUii^
extent.

Mine aad (comp. voL zvii. p. 518).—The manufacture
of to acid has been very largely extended, on account
both of the enormously increased production of explosives
for en^eenng and mining purposes and of the substitu-
tion of smokeless powders for the old gunpowder made
from saltpetre. But it is still effected by the wasteful
process of decomposing sodium nitrate by sulphuric acid
producing as residue “ nitre-cake,” a product of very little
value. Several attempts have been made to decompose
the nitrate in a more profitable way, e.ff., by means of ferric
oxide, in which case the soda is converted into the
valuable shape of NaOH, and the ferric oxide is recovered
as such

j
but none of these processes have emerged beyond

the experimental stage. The old process has been im-
proved on various sides, chiefly by the elaboration of more
rational systems of condensation, and by conducting the
operation in such a manner that it furnishes at once a
maximum of strong and sufflciently pure acid, which does
not need to be freed from the lower oxides of nitrogen by
the process of bleaching ”

j
also by separating the decom-

position of sodium nitrate into two stages and conductiiio’
it as a continuous process, with the employment of com-

|

paratively weak sulphuric acid even for the production of i

strong nitric acid (the Ehenania-Uebel process).
|

Refeuenoes.— The principal work on acids and alkali is 1

Lnnge’s Sulphuric Acid and Alkali, 2nd ed. 3 vols. 1891-96. The
I

same work has also appeared in French (by Lunge and Naviile),
3 vols. 1879-81, and in German, 2nd ed. 3 vols. 1893-96. The
fiame author has given a synopsis of the manufacture of sulphuric
acid up to 1899 in liis article “Schwefel'* in Muspratt’s Olumie,
4:th ed. vii. 1114-1368. Other works are :

—

Jurisch, Sandbuch
der Schwefelsaurcfdbrikation, 1893.

—

Soeel, Fabrication de Vadde
sulfuriguc, 1887.

—

Annual Reports on Alkali, &c., IForks, from
1864 upwards.— of the Society of Chemical Industry, fiom
1882.

^

Fischer's Jdhresberichte der chewischen Technologic,
Chemische Industrie. ZeitschriftfUr angewandte Cheniic.

(G.L.)

Acirea.le, a town and episcopal see of the province
of Catania, Sicily, Italy, 9 miles N. by E. from Catania by
rail. It has a school of the industrial arts and sciences.

Population, 25,900 (1881); 35,459 (1901).

Acland, Sir Henry Wentworth Dyke,
Bart. (1815-1900), British medical professor and man of

learning, was born 23rd August 1815, and was the fourth

son of Sir Thomas Dyke Acland. He was educated at

Harrow and Christ Church, was elected Fellow of All Souls'

in 1841, and, following the medical profession, took his

Oxford degree of M.D. in 1848, having in 1845 been ap-

pointed Lee's Reader in Anatomy. The revival of medical

^tudy and the introduction of the study of natural science

into Oxford were in great measure due to Sir Henry Acland.

He promoted in every way the foundation of laboratories

and of the Oxford Museum, formed an extensive series of

physiological preparations on the plan of John Hunter,

and did far more to overcome the indifference and re-

move the suspicion generally prevalent when he com-

menced his labours than could have been achieved by one

less generally acceptable from his birth, his amenity, and

the elevation of his character. “ To Henry Acland," says

Buskin, “physiology was an intrusted gospel of which

he was the solitary preacher to the heathen.” On the

other hand, as has been well observed, his thorough

classical training preserved science at Oxford from too

abrupt a severance from the humanities. In conjunction

with his intimate friend, Dean Liddell, he revolutionized

the study of art and archaeology, so that the cultivation of

these subjects, for which, as Buskin declared, no one at

Oxford cared before their time, began to flourish in the

ACOUSTICS
University. He published a memoir on the visitation of
cholera in 1854, and another on the topography of the
Troad

; but his claims to remembrance rest chiefly on his
systematic, sedulous, and successful promotion of bis
favoni-ite objects. He was Badcliffe librarian (1851),
Begins Professor of Medicine (1858), and president of the
General Medical Council from 1874 to 1887 ; he was
also a cniator of the University Galleries and of the Bod-
leian library. He \vas created a baronet in 1890. He
resigned the Begins Professorship in 1894, and died in
October 1900.

Acoustics*—The original article in the ninth
edition of this EncycLopcedia (hereafter referred to as O. A.)
contains an account of many of the leading phenomena of
acoustics and their elementary theory, so that it is onlj'

necessary here to supplement that account by discuss-
ing certain theoretical points, and by describing certain
phenomena and methods of investigation which have
been brought into more prominent notice, or have been
discovered, in recent years.

The following elementary method of obtaining the
velocity of plane waves of longitudinal disturbance in air

brings into prominence the fact that the velocity

depends on and varies slightly with the excess

and defect of pressure from the normal or undis-

turbed value. The method with appropriate modification
will give the velocity of transverse disturbance in strings

and longitudinal disturbance in rods. We suppose that a
disturbance, the same at every point in a plane perpendicu-
lar to the direction of propagation, is in some way made and
started in the air, and that external forces are applied to
every particle in such a manner that the disturbance is con-
strained to move on with uniform velocity unchanged in
form. The force per unit mass can be expressed in terms
of the pressures due to the state of strain together with the
applied force, and it can also be expressed in terms of the
acceleration which is obtained from the condition that the
disturbance moves on unchanged in form with constant
velocity U. For this implies that the change in velocity

of a particle at a given point during a small time dt is

equal to the difference in the velocities at a given instant

at that point, and at a point a distance TJdt back along

the line of propagation.

In Fig. 1 let QP represent the displacement curve of the
disturbance (0. A. § 12). Let KM repre-

*sent two points distant Vdt apart along v

the line of propagation. Let MP, NQ, \Q
represent at a given instant the displace- .p

ments of the particles which were origin-
g

ally at rest at M, K, but which are now
displaced in the direction of propagation
by amounts proportional to MP and NQ.
Let wm, represent the velocities of the
particles. Then the velocity of the M
particle will change from to in N M
time dt, so that the acceleration a is given

^

“— dt KiT" • •

since KM=TJ(ir^.

But, drawing the tangent PT at P, the velocity at P is the
rate at which the displacement is growing at P as the displace-
ment curve travels along, and tliib is evidently at the rate TS per
time taken by the disturbance to travel over NM.

dt KM

This may be written as But we may express the

pressure excess at M in terms of the displacement. For if the
layer of air originally between M and K were all compressed as

it is at P, the surface through K would be displaced forward NT,
while that through M would only be displaced forward MP, or there

would be a compression TS in length MN. Since the disturbance

is purely longitudinal, this implies that there is a diminution of
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volume i,roi,ortio«al to TS m volume
^ ^

i5» the diCitJbc oi volume pm volume ,

S T I C S
Substituting these values in (6)

V" UN’

E
. (3)

fioin(2) —

Tin. relation sliows that wherever the particle velocity is

forliia uud that.herever it is baokv..id is lu

dUeot oi the undisturbed or noimal pressure.

, T?

We may evidently put p^L = "

forming a similar expiession for pn and subtracting

E

and substituting in (1)

"E

Turiiinu now to the fotces acting on the layer originally

between M and N and 1 sq. cm. in cross section, we

at K and at M, where P is the normal pressure There is

.dso the apph^ tbice. If this is X per mass 1, and if the normal

density is p, then the total force on mass pMJN is

and the acceleration is

/>NM

Equating (4) and (5) we obtain

p[ Ps-PkJ

(5)

(6)

If tile disturbance is so small that the change^ in volume may
taken as exactly proportional to the change in pressure, then E
is constant. If then X=0, or there is no external applied force,

TJ2=E/p

(the value found in 0. A. § 15). But if the disturbance is great

we can no longer assume that E is the same for all changes of

volume. We may, however, suppose that the change of pressuie

consists of two terms
; (1) a term exactly proportional to the

change in volume ; (2) a term, in general very small, expressing

the Sivergence tVom proportionality. If we like, we may regard

the second term as an applied force superposed on the force ex-

pressed in the first term, and then trace the effect in equation (6).

lie relation between pressure and volume in air for sound dis-

turbance is the adiabatic relation

PV^= constant,

where 7= ratio of specific heats. If P change to P+jp and V to

(P+l>) (V-

1+^
f-('-i)

-y

theExpanding the right hand and neglecting powers above
second)

p-7y-t*7
2 ya

If the second term on the right did not exist, we should have

J>=TPf

and the elasticity would have the constant value

E=7P.

We assume now that the elasticity does have this value, and that
the second term is an applied force superposed on the pressures
deduced from a constant elasticity which were used in obtaining
equation (6). In that equation we must take the applied forcem element cross section F, length KM, as

p.KM.X=3 excess of pressure denoted by second term at K,
"*

>» « jj at M.

sst7 P,

he fraotion in (6), jp

:stant elastsieily^ so
*

TJ^= [

.5{i+(r+i)f}

or

Fi;r 2

m the denominatoir of the fraotion in (6), p^-px represents
dsdnoed &mL a constant elasffieity^ so that,

(^smee E=7P (v)m)

-A*Ai)

=VAA ••<»)
This result implies that the different parts of a wave

move on at different rates, so that its form must change.

As we obtained the result on the supposition of unchanged

form, we can of

course only apply

it for such short

lengths and such

short times that

the part dealt

with does not ap-

preciably alter.

We see at once

that, where w= 0,

the velocity has

its “normal”
value, while where

u is positive the

velocity is in ex-

cess, and where u
is negative the

velocity is in de-

fect of the normal value. If, then, a (Fig. -) repre cut

the displacement curve of a train of waves, 6 will re-

present the pressure excess and particle velocity, and from

(7) we see that while the nodal conditions of 6, with

p= 0 and u^O, travel with velocity the crests exceed

that velocity by and the hollow^s fall short of it by

u, with the result that the fronts of the pressure

waves become steeper and steeper, and the train b changes
into something like c. If the steepness get very great our
investigation ceases to apply, and neither experiment nor

theory has yet showm what happens. Probably there is a
breakdown of the wave somewhat like the breaking of a
water-wave when the crest gains on the next trough, lu
ordinary sound-waves the effect of the particle velocity in

affecting the velocity of transmission must be very smalL

Experiments, referred to later, have been made to find the
amplitude of swing of the air particles in organ pipes. Thu.s
Mach found an amplitude 0*2 cm. when the issuing “waves W(*re
250 cm, long. The amplitude in the pipe was probably much
greater than in the issuing waves. Let us take it as 0*1 mm,
in the waves—a very extreme value. The maximum particle
velocity is 2Trna (where n is the frequency and a the amplitude),
or 2?raU/X. This gives maximum w= about which
would not seriously change the form of the wave in a few wave
lengths. Meanwhile the waves are spreading out and the value
of is falling in inverse proportion to the distance from the
source, so that very soon its effect must become negligible.

But ia loud sudden sounds, such as a peal of thunder
or the report of a gun, the effect maybe more considerable,
and there is no doubt that with such sounds the normal
velocity is quite considerably exceeded. Thus there is the
old observation of Parry (§ 23, 0. A,) that from a distance
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tlie report of a gun was heard before the word “ Fire ”

More recently Jaques {Phil Mag, 1879, vii. p. 219) h^
transmission of the report from a cannon

1
finding that it rose to a maximum
90 feet in the rear, and then fell

off. If, too, the sound be confined in pipes so that the
intensity cannot diminish rapidly the normal velocity is
exceeded. Thus Regnault in his classical experiments
{Phil Mag. 1868, xxxv. p. 161) found that the velocity of
the report of a pistol carried through a pipe diminished
with the intensity, and his results have been confirmed by
Violle and Yautier {Phil Mag. 1888, xxvi. p. 77). Possibly
the prolonged boom into which the report of a gun changes
at a distance is due to some kind of break-down and
lengthening out of the original disturbance when the front
of the pressure wave becomes impossibly steep.
Some light has been thrown on the curious whispering

gallery ” case of reflection of sound by observations made

Reflection
Eayleigh in the circular gallery at the

base of the dome of St. Paul's Cathedral. An
old explanation of the effect consisted in ascribing it to the
concentration of the sound rays after single reflection from
the surface to a focus conjugate to the source, or to the
crowding in a caustic (0. A. § 38). But Lord Bayleigh finds

that “ the abnormal loudness with which a whisper is heard
is not confined to the position diametrically opposite to that
occupied by the whisperer, and therefore, it would appear,
does not depend materially upon the symmetry of the dome.
The whisper seems to creep round the gallery horizontally,

not necessarily along the shorter arc, but rather along that
arc towards which the whisperer faces. This is a conse-

quence of the very unequal audibility of a whisper in front
and behind the speaker, a phenomenon which may easily

be observed in the open air ” {Sounds ii. § 287).

Let Pig. 3 repiesent a horizontal section of the dome through
the source P. Let OPA he the radius through
P. Let PQ represent a ray of sound making
6 with the tangent at A. Let 0!N‘=0P cos d

I f perpendicular on PQ, Then the re-

( (
Ojv Y j

fleeted ray QR and the ray reflected at E, and
V ) so on, will all touch the circle drawn with OIST

/ as radius. A ray making less than Q with
the tangent will with its reflections touch a
larger circle. Hence all rays bet\^een + ^ vill

Pig. 3. be confined in the space between the outer

dome and a circle of radius OP cos 0, and the
weakening of intensity will be chiefly due to vertical spreading,

Eayleigh points out that this clinging of the sound to

the surface of a concave wall does not depend on the

exactness of the spherical form. He suggests that the

propagation of earthquake disturbances is probably affected

by the curvature of the surface of the globe, which may act

like a whispering gallery.

In some cases of echo, when the original sound is a

compound musical note, the octave of the fundamental

tone is reflected much more strongly than that tone itself.

This is explained by Eayleigh {Sounds ii. § 296) as a

consequence of the irregularities of the reflecting surface.

The irregularities send back a scattered reflection of the

different incident trains, and this scattered reflection

becomes more copious the shorter the wave length.

Hence the octave, though comparatively feeble in the

incident train, may predominate in the scattered reflection

constituting the echo.

Osborne Reynolds {Proc. R. S. xxii. 1874, p. 531) first

pointed out that refraction would result from a varia-

Tempera- tion in the temperature of the air at different

tare heights. The velocity of sound in air is inde-

refraction. pendent of the pressure, but varies with the

temperature, its value at f C. being (0. A. § 18)—

TJ = Uo(i+f).
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where is the velocity at 0° 0., and a is the coeificient of
expansion *00365. Now if the temperature is higher
overhead than at the surface, the velocity overhead is

greater. If a wave front is in a given position, as a 1,

(Fig. 4), at a gi^en instant, the upper i)art mo\nng taster

1 ‘2 3 4 12 3 4

a b

Fig. 4.

gains on the lower, and the front tends to swing round as

shown by the successive positions in a- 2, 3, and 4 ;
that is,

the sound tends to come dovm to the surface. This is well

illustrated by the remarkable horizontal carriage of sound
on a still clear frosty morning, when the suiface layers of

air are decidedly colder than those above. At sunset, too,

after a warm day, if the air is still, the cooling of the
earth by radiation cools the lower layers, and sound carries

excellently over a level surface. But usually the lower
layers are warmer than the upper layers, and the velocity

below is greater than the velocity above. Conseciuently a
wave front such as 6 1 tends to turn upwards, as shown in

the successive positions b 2, 3, and 4.
^
Sound is then not

so w^ell heard along the level, but may still reach an
elevated observer. On a hot summer's day the tempera-
ture of the surface layers may be much higher than that

of the higher layers, and the effect on the horizontal

carriage of sound may be very marked.
It is well known that sound travels far better wdth the

wind than against it. Stokes showed that this effect is

one of refraction, due to variation of velocity of

the air from the surface upwards {B. A. Rep.

1857, p. 22). It is, of course, a matter of

common observation that the vind increases in velocity

from the surface upwards. An excellent illustration of

this increase was pointed out by Osier in the shape of old

clouds
j
their upper portions always appear dragged for-

ward and they lean over, as it were, in the direction in

which the wind is going. The same kind of thing happens
with somid-wave fronts when travelling with the wind.

The velocity of any part of a w^ave front relative to the

ground Avill be the normal velocity of sound + the

velocity of the wind at that point. Since the velocity

increases as we go upwards, the front tends to swing

round and travel downwards, as shown in the successive

positions a 1, 2, 3, and 4, in Fig. 4, when we must suppose

the wind to be blowing from left to right. But if the

wind is against the sound the velocity of a point of the

wave front is the normal velocity - the wind velocity at

the point, and so decreases as we rise. Then the front

tends to swing round and travel upw’-ards as shown in the

successive positions 6 1, 2, 3, and 4, in Fig. 4, where the

wind is travelling from right to left. In the first case the

waves are more likely to reach and be perceived by an

observer level with the source, while in the second ease

they may go over his head and not be heard at all.

Many of the well-known phenomena of optical diffrac-

tion may be imitated with sound-waves, especially if the

waves be short. Lord Eayleigh has given various ex-

amples, and accounts of experiments and theory will be

found in his Sounds voL iL

A simple mode of forming Lissajous figures, to find the

ratio of the frequencies of two forks, consists in attaching

two small plane mirrors, one on the prong of

one fork, the other on a prong of another

fork. The two forks are arranged so that

one vibrates in a vertical, the other in a horizontal

plane, and they are so placed that a converging beam

of lieht, received in one mirror, is reflected to the
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other and then brought to a point on a screen. If the

iirst fork alone vibrates, the point on the screen appears

lengthened out into a vertical line through the changes in

iiichnation of the first mirror, while if the second fork

nlone vibrates, the point appears lengthened out into a

horizontal line. If both vibrate, the point describes a

curve which appears continuous through the persistence of

the retinal impression. The curve is named a Lissajous

figure after *the deviser of this method of investigation.

Lissajous also obtained the figures by aid of the vibration

microscope, an instrument which he invented. Instead of

a mirror, the objective of a microscope is attached to one
prong of the first fork and the eye-piece of the microscope

IS fixed behind the fork. Instead of a mirror the second

fork carries a bright point on one prong, and the micro-

scope is focussed on this. If both forks vibrate, an observer

looking through the microscope sees the bright point

describing Lissajous figures. If the two forks have the
same frequency, it is easily seen that the figure will be
an ellipse (including as limiting cases, depending on rela-

tive amplitude and phase, a circle and a straight line).

If the forks are not of exactly the same frequency the
ellipse will slowly revolve, and from its rate of revolution
the ratio of the frequencies may be determined (Eayleigh,
Sounds i. § 33). If one is the octave of the other a figure
of 8 may be described, and so on.

Koenig has devised a clock in which a fork of frequency
64 takes the place of the pendulum (Wied. Ann. ix. p.

Koeni *s

ISSO). The motion of the fork is main-

iaatff%fork ^y the dock acting through an escape-
cioek, mailt, and the dial registers both the number

of Tibrations of the fork and the seconds,
minutes, and hours. By comparison with a clock of
known rate the total number of vibrations of the fork
in any time may be accurately determined. One prong
of the fork carries a microscope objective, part of a
vibration microscope, of which the eye-piece is fi-ypH at
the back of the clock, and the Lissajous figure made by
the clock fork and any other fork may be observed. With
this apparatus Koenig studied the effect of temperature
on a standard fork of 256 frequency, and found that the
frequency decreased by *0286 of a vibration for a rise of
1 , the frequency being exactly 256 at 26-2° 0 Hence
the frequency may be put as 256 {1 - -000113 («-26-2)}.
Koei^ also used the apparatus to investigate the effect

on the frequency of a fork of a resonating cavity olaced

below that of the fork the pitch of the fork was rLed,
and ^ v«rsd. But when the pitch of the cavity wai
exactly that of the fork when vibrating alone, thoimh it^imd^ most strongly, it did not affect the frequency of

^en explained by Lord
Rayleigh (SoutuI, i § 117).

^

^ the strobo^pio method of M'Leod and Clarke the
^ originalmLS

1880, part i, p. 1), a cylinder
aarf m ruled with equidistant white lines parallel to

It is set so that

of the nght-^ud praugja the cylmder be rotated^ place of the

Hence

m and mt off iJte same length from view. The

most will be cut off in the position of the lines corre-

sponding to the furthest swing out, then less and less

tiU the furthest swing in, then more and more till the

furthest swing out, when the appearance will be exactly

as at first. The boundary between the grey cylinder and
the black fork will therefore appear wavy with fixed un-
dulations, the distance from crest to crest being the
distance between the lines on the cylinder. If the fork

has slightly greater frequency, then a w'hite line will not
quite reach the next place while the fork is nuking its

swing in and out, and the waves wdll travel against tlu*

motion of the cylinder. If the fork has slightly less

frequency the waves will travel in the opposite direction,

and it is easily seen that the frequency of the fork is the
number of w^hite lines passing a point in a second i

the number of waves passing the point per second. This
apparatus was used to find the temperature coefficient of
the frequency of forks, the value obtained - -00011 being
the same as that found by Koenig. Another inq)ortan{
result of the investigation was that the ])hase of vibration
of the fork was not altered by bowing it, the amjditude
alone changing. The method is easily ada])ted for the
converse determination of speed of revolution when the
frequency of a fork is known.

The phonic wheel, invented independently by La Gour
and Lord Eayleigh (see Sound, i. § 68 c), consists of a
wheel carrying several soft iron armatures fixed
at equal distances round its circumference,
The wheel rotates between the i)oles of an
electro-magnet, which is fed by an intermittent
current such as that which is working an electrical h'
maintained tuning-fork (see infra). If the wheel bV
driven at such rate that the armatures move one j)lace
on in about the period of the current, then on putting
on the current the electro-magnet controls the rate of the
wheel so that the agreement of period is exact, and tlu*
wheel settles down to move so that the electri(j driving
forces just supply the work taken out of the wheel If
the wheel has very little work to do it may not be neces^
sary to apply dnving power, and uniform rotation may be
maintained by the^ electro - magnet. In an expt^rimeut
described by Eayleigh such a wheel provided with biur
armatures was used to determine the exact fretmency of a
dnving fork knovm to have a frequency near 32. Thus the
wheel made about 8 revolutions per second. There was
one opening m its disc, and through this was viewed tln^^nd^um of. a clock beating seconds. On the pendulumwas fixed an illuminated silver bead which appkred as abnght point of light when seen for an instank Suppose

be looking from a fixed point at thebead through the hole in the phonic wheel, he will sec thebead as 8 bright points flashing out in each beat, and insuccession at intervals of J second. Let us sup^hS
e notes the positions of two of these next to ea<K other

SSul ® revolutions in one

fwn 1 positions will be fixed, and everywo seconds, the time of a complete pendulum vibratiorfhe toU see the two positions looked at flash out in succos^Sion at an interval of | second. But if the fork has savrather ^ater frequency, the hole in the wheel comesr^nd at the end of the two seconds before the bei has

SuXto and the two flashes appear^auaiiy to move back m the onnosite •watr fr.
dulm. Soppm that in S’ £e
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the wheel makes 8 N + 1 revolutions in N clock beats, and
the fork makes 32 N + 4 vibrations in the same time. If
the clock is going exactly right, this gives a frequency for

the fork of 32 + If the fork has rather less frequency

than 32 then the flashes appear to move forward and the

frequency will be 32 In Eayleigh^s experiment the

32 fork was made to drive electrically one of frequency
about 128, and somewhat as with the phonic wheel, the
frequency was controlled so as to be exactly 4 times that
of the 32 fork. A standard 128 fork could then be com-
pared either optically or by beats with the electrically driven
128, and the frequency of the standard determined.
A very noticeable illustration of the alteration of pitch by

motion occurs when a whistling locomotive moves rapidly

Do ler*s
observer. As it passes, the pitch of the

principlL quite appreciably. The explanation
is simple. The engine follows up any wa've that

it has sent forward, and so crowds up the succeeding waves
into a less distance than if it remained at rest. It draws
off from any wave it has sent backward and so spreads the
succeeding waves over a longer distance than if it had
remained at rest. Hence the forward waves are shorter

and the backward waves are longer. Since U where
U is the velocity of sound, X the wave length, and n the

frequency, it follows that the forward frequency is greater

than the backward frequency.

The more general case of motion of source, medium, and re-

ceiver, may be treated very e isily if the motions are all in the
line joining source and receiver. Let S (Fig. 5) he the source at a
given instant, and let its frequency of vibration, or the number of
waves it sends out per second, be Let S' be its position, one
second later, its velocity being u. Let R be the receiver at a
given instant, R' its position a second later, its velocity being v.

Let the velocity of the air from S to R be and let U be the
velocity of sound in still air. If all were still, the n waves
emitted by S in one second would spread over a length IT. But
tlirough the wind velocity the first wave is carried to a distance

s t' + R k'

w

period corresponds to the pitch or frequency. Hence \ve

must put down the quality or timbre as depending on the
form.

The simplest form of wave, so far as our sensation goes, that
is, the one giving rise to a pure tone, is, w'e have every reason to
suppose, one in which the displacement is represented by a
harmonic curve or a curve of sines,

?/=asin7?i.(a;- e).

If we put this in the form
• Stt, .

X sx
we see that y=0, for x=c, e+^, e + and so on, that y

X X 2X
is -h froma;=e tox=e + ^^

-from e + ^ to e + and so on, and

that it alternates between the values + a and - a.

The form of the curve is evidently as represented in Fig. 6,
and it may easily be drawn to exact scale from a table of sines.

Fig. 6.

In this curve ABCD are nodes. OA=« is termed the epoch,
being the distance from 0 of the first ascending node. AC is the
shortest distance after which the curve begins to repeat itselt

;

this length X is termed the wave length. The maximum
height of the curve HM=a is the amplitude. If w'-e transfer 0
to A, e=0, and the curve may be represented by

. 27r
2/=asin yay.

If now the curve moves along unchanged in form in the direc-
tion ABC with uniform velocity U, the epoch 5=0A at any time
t will be TJi, so that the value of y may be represented as

2—
y=asin ... (1)

The velocity perpendicular to the axis of any point on the curve
at a fixed distance x from 0 is

dif

dt

27rITrr

X

2t
cos

I.*®
- m) (2)

Fig. 5.

U + -k; from S, while tlipugh the motion of the source the last

wave is a distance u from S. Then the n waves occupy a space

U +w-u. Now turning to the receiver, let us consider what
length is occupied by the waves which pass him in one second.

If he were at rest, it would be the waves in length U+^^?, for the

wave passing him at the beginning of a second would be so far

distant at the end of the second. But through his motion v in

the second, he receives only the waves in distance V + w-v.
Since there are n waves in distance XJ +w-u the number he
actually receives is

Xf + w-v
X! +w~u

If the velocities of source and receiver are equal then the fre-

quency is not affected by their motion or by the wind. But if

their velocities are different, the frequency of the waves received

is affected both by these velocities and by that of the wind.

The change in pitch through motion of the source may

be illustrated by putting a pitch-pipe in one end of a few

feet of rubber tubing and blowing through the other end,

while the tubing is whirled round the head. An observer

in the plane of the motion can easily hear a change in the

pitch as the pitch-pipe moves to and from him.

A musical note has a definite pitch or frequency, that

is, it is a disturbance of definite periodicity. Yet notes

of the same pitch, emitted by different instru-

Qaality.
Lave quite different timbre or quality.

The three characteristics of a longitudinal periodic dis-

turbance are its amplitude, the length after which it

repeats itself, and its form which may be represented by

the shape of the displacement curve. JTow the amphtude

-evidently corresponds to the loudness, and the length of

The accelerdtioji perpendicular to the axis is

dt^ X^

47r2U2

X^ ^

'jiii yC*® “ EO

which is du equation characteristic of simple harmonic motion.

The chief experimental basis for supposing that a train

of longitudinal waves with displacement curve of this kind

arouses the sensation of a pure tone, is that the more
nearly a source is made to vibrate with a single simple

harmonic motion, and therefore, presumably, the more
nearly it sends out such a harmonic train, the more nearly

does the note heard approximate to a single pure tone.

The average energy per cc. of a harmonie train of v aves may
easily be calculated. If p is the density, the kinetic energy in a

length X parallel to ABC, of cross section 1 sq. cm., is

2

i
‘/ ^\dt )

dx

If.

iTT^V^a^ ,27r,
from (2)

""

X
'

The potential energy in volume cross section 1 length dx,

manifested by the strain, may be calculated since it is equal to

average pressure x strain produced,

or vdx,

where p is the pressure excess and v the volume change per unit

volume.
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wave length The successive terms of (1) are called the Aar

w hile putting y= 1

dtf

dx

Inserting these values and integi iting the potential energy be-

tween J3 = 0 and x = \ ve have

_ p - ^JYJidr: = - p 1NfYdx.
./gV J^dx 2j Q\dxJ

But diiferentzating (1) above

„os (a; -TO,
dx X X

and as this has equal -{- and - values over a length aj=X, the first

integral 2= 0, The second gives on integration

r^Ea-
X

*

Then, since E=pTJ2, the potential energy in one wave length,

crobs section 1,

_ pTT-TJ^a^

X
*

The total energy, kinetic -r potential, in a length X of cross section
1 is equally di\ ided between the two kinds, and is

X

If 'we regard this energy as travelling on with velocity TJ, the
quantity passing aciobs one sq. cm in one second ib U/X times
as great, or

2^^2XJ3^3

x-^

*

This gives the measure of the intensity of the sound on the
sujipodtion that loudness oi intensity is to be measured by
eneigy received pei sq. cm. per second. Trom the values of the
particle velocity and the pressure excess, it is easy to exjuess the
intensity in terms of these quantities.

Any periodic curve may be resolved into sine or liarmonic

Poirrhr^s
Pourier’s theorem.

tbeorem. Suppose that any periodic sound disturbance,
consisting of plane waves, is being propagated

in the direction ABCD, Fig. 7, Let it be represented by

Fig 7.

^ displacement curve AHBKC. Its periodicity implies
that after a certain distance the displacement curve exactly
repeats itself. Let AC be the shortest distance after

occurs, so that CLDME is merely
AtlBKG moved on a distance AG. Then AG= A is

wave length or period of the curve. Let ABCD be
drawn at such level that the areas above and below it
are equal

j then ABCD is the axis of the curve, Since
the curve represents a longitudinal disturbance in air it is
always continuous, at a finite distance from the axis
and with only one ordinate for each abscissa.

'

Fourier's theorem asserts that such a curve may be built u-n bvthe superpoBition, or addition of ordinates, Ta series oFsS
ernes of wave lengths X,

^
. if amplitudes a, J, o

iif

epoolm «, /, ff . . . are suitably actuated, and the proofof the theorem raves rules for finding these quantities when theonginal curve islnown. We may iSrelbre pT
sin + j sia^ +o sin^ (*-g) +etc. (l)

wave length yn,

monies ojt the Jlist term.

It follows from this that any periodic disturbance iu

air can be resolved into a definite series of simple har-

monic disturbances of wave lengths equal to the origauii

wave length and its successive submultiples, and each of

these would separately give the sensation ot a i>uie tune.

If the series were complete, we should have terms which
separately would correspond to the fundamental, its octa\e,

its twelfth, its double octave, and so on. Now^ we <mu
see that two notes of tlio same pitch, but of (lilieitmt

quality, or different form of displacement curve, will, wIhui
thus analysed, break up into series having the same Jiar-

monic wave lengths; but they may differ as regards llu^

members of the series present and their amplitudes and
epochs. We may regard quality, then, as determined })y

the members of the harmonic series present and llunr

amplitudes and epochs. It may, however, be stated here
that certain experiments of Helmholtz ap])e<ir to show' that
the epoch of the harmonics has not much effect on the
quality.

Fourier’s theorem can also be usefully applied to the diisLurb-
ance of a source of sound under ceitain conditions. Tlio uaLiuc
of these conditions will be best realized by cunaidering tin* case
ofa btretclied string. It is shown, in 0. A. § 55, how the \ i])rations
of a string may be deduced from stationaiy waves. Lt t us h< re
suppose that the string AB is displaced into the toim AllB (hg.
8). Then let us imagine it to toim half a wa\t* length oi the
extended train ZGAHBKC, on an indelinitely ext» nded .stT<*t< In <1

string, the values of y ct equal dhtances fioiu A (or from Ib bt ing
equal and opposite. Then w^e may suppose the vihi itions (d tlio
string to be represented by the tiavoUing of two liain^iii ui>i>oatc
directions each with velocity

s! tension-~mas& i)oi unit length

each half the height of the train re])rGs(*ntcd in Fig. 8, For
the superposition of these trains will give a stilionaiy
between A and B. ITow we may resolve these liaiiis by
Fourier’s theorem into haimonics of wave lengtlw X,

where X=2AB and the condition as to the values of^ n Wn lx*
shown to require that the harmonics shall all hav c nodes,' t oiiudd-mgwith thenodes

H
' N.

A

Fig. 8.

of the funda-
mental curve.
Since the velo-
city is the same
for all disturb-
ances they all

travel at the same

If then we resolve AHBkG into hanuoniob by Fourier'a tliwjreni,
?iofion of the separate harmouics, auj their

the form of the string at any iiibUiit.

We s^, the^ that the conditions for the ajiplication
ot houners theorem are equivalent to saying that all
disturbances will travel along the system with the same
velocity. In many vibrating systems this docs not hold

5^™r's theorem is no longer an appropriate
r^olution. But where it is appropriate, the disturbance
sent out into the air contains the same harmonic series asthe source.

whether the sensation producedby a periodic disturbance cam be analysed in correspond-
geometrical analysis. Using the^enu

P’^oduced by a periodic disturbance,
tiiere is no doubt that a well-trained ear can resolve anote into pure tones of frequencies equal to those of the

PK^ctice enablesus to hear both the octave and the twelfth with the funda-
especially if we have previously directed ourattentiou to these tones by sou^ndiug l£in ?he
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harmonics are^ most readily heard if we fortify the ear
by an air cavity with a natural period equal to that of

Resonators, harmonic to be sought. The form used
by Helmholtz is a globe of thin brass with a

large hole at one^ end of a diameter, at the other end of
which the brass is drawn out into a short, narrow tube
that can be put close to the ear. But a card-board tube
closed at one end, with the open end near the ear, will
often suffice, and it may be tuned by more or less covering
up the open end. If the harmonic corresponding to the
resonator is present its tone swells out loudly.

This resonance is a particular example of the general
principle that a vibrating system will be set in vibration

'

by any periodic force applied to it, and ultimately in the
period of the force, its own natural vibrations gradually

down. Vibrations thus excited are termed Forced
Vibrations, and their amplitude is greater the more nearly
the period of the applied force approaches that of the system
when vibrating freely. The mathematical investigation of
forced vibrations (Rayleigh, Sound, i. § 46) shows that, if

there were no dissipation of energy, the vibration would in-

crease indefinitely when the periods coincided. But there is

always leakage of energy either through friction or through
wave-emission, so that the vibration only increases up to

the point at which the leakage of energy balances the
energy put in by the applied force. Further, the greater

the dissipation of energy the less is the prominence of

the amplitude of vibration for exact coincidence over the
amplitude when the periods are not quite the same, though
it is still the greatest for coincidence.

According to Helmholtz, the ear probably contains within
it a series of resonators, with small intervals between the

periods of the successive members, while the

V^Pourier
extends over the whole range of audible

analyser, pitch. We need not here enter into the ques-

tion of the structure constituting these re-

sonators. Each of them is supposed to have its own
natural frequency, and to be set into vibration when the

ear receives a train of waves of that frequency. The
vibration in some way arouses the sensation of the corre-

sponding tone. But the same resonator will be appreciably

though less affected by waves of frequency differing slightly

from its own. Thus Helmholtz from certain observations

(Rayleigh, Sound, ii. § 388) thought that if the intensity

of response by a given resonator in the ear to its own tone

is taken as 1
,
then its response to an equally loud tone a

semitone different may be taken as about According to

this theory, then, when a pure tone is received the auditory

apparatus corresponding to that tone is most excited, but

the apparatus on each side of it is also excited, though by

a rapidly diminishing amount, as the interval increases.

If the sensations corresponding to these neighbouring

elements are thus aroused, we have no such perception as

a pure tone, and what we regard as a pure tone is the

mean of a group of sensations. The sensitiveness of the

ear in judging of a given tone must then correspond to the

accuracy with which it can judge of the mean.

Determinations of the pressure changes, or extent of

excursion of the air, in sounding organ pipes have been

made by Kundt {Fogg. Ann. cxxxiv. 1868, p.
Amplitude

^ 03 ^^
Topler and Boltzmann {Fogg. Ann. cxli.,

Rayleigh, Sound, § 422a), and Mach {Optisch-

Ahustischen Tersuchi). Mach’s method is per-

haps the most direct. The pipe was fixed in a hori-

zontal position, and along the top wall ran a platinum

wire wetted with sulphuric acid. When the wire was

heated by an electric current a fine line of vapour de-

scended from each drop. The pip6 was closed at the

centre by a membrane which prevented a through draught,

yet permitted the vibrations, as it was at a node. The

vapour line, therefore, merely vibrated to and fro when the
pipe was sounded. The extent of vibration at different

parts of the j^ipe was studied through a glass side wall,

a stroboscopic method being used to get the position of

the vapour line at a definite part of the vibration. Mach
found an excursion of 0*4 cm. at the end of an open pipe
125 cm. long. The amplitude found by the other observers
w’as of the same order.

Lord Rayleigh has made experiments by two different

methods to determine the amplitude of vibration in waves
only just audible {Sound, ii. § 384). It will jynnimum
be sufficient to indicate the second method, amplitude

A fork of frequency 2oG was used as the of audible

source. The energy of this fork wdth a given
amplitude of vibration could be calculated from its dimen-
sions and elasticity, and the amplitiide was observed
by measuring w ith a microscope the line into which the
image of a starch grain on the prong was drawn by
the vibration. The rate of loss of energy was cal-

culated from the rate of dying down of the vibration.

This rate of loss for each amplitude was determined

( 1 ), when the fork was vibrating alone, and
(
2
)
when a

resonator was placed wdth its mouth under the free ends

of the fork. The difference in loss in the twm cases

measxired the energy given up to and sent out by
the resonator as sound. The amplitude of the fork was
observed when the sound just ceased to be audible at 27*4

metres away, and the rate of energy emission from the
resonator was calculated to be 42-1

Isecond.
Assuming

this energy to be propagated in hemispherical waves, it

is easy to find the quantity per second going through
1 sq, cm. at the distance of the listener, and thence from
the energy in a wave, found above, to determine the

amplitude. The result was an amplitude of 1’27 x 10“"

cm. Other forks gave results not very different. M. Wien
{Wied. Ann. xxxvi. 1889, p. 834) by another method
has obtained a smaller value still, though one of the same
order. He used a globular resonator in which the pressure

variations could be determined by a contrivance some-
thing like a delicate aneroid barometer. From the pressure

changes the amplitude was knowm, and from Helmholtz’s

theory of the resonator the amplitude in the external

exciting waves was calculated. All the results show that
“ the streams of energy required to infltience the eye and
ear are of the same order of magnitude.”

The simple theory of the vibration of air in pipes, due
to Bemouilli, practically assumes that a stationary wave
is formed vdth a node at a closed end and
a loop at an open end. But (as pointed out

in O. A. § 85) the condition for a loop at an
open end, that of no pressure variation, can-

not be exactly fulfilled. This would require that the

air outside should have no mass in order that it should at

once move out and relieve the air at the end of the pipe

from any excess of pressure, or at once move in and fill up
any defect. There are variations, therefore, at the open

end, and these are such that the loop may be regarded as

situated a short distance outside the end of the pipe. It

may be noted that in practice there is another reason for

pressure variation at the end of the pipe. The stationary

wave method regards the vibration in the pipe as due to

a series of waves travelling to the end and being there

reflected back down the pipe. But the reflection is not

complete, for some of the energy comes out as waves;

hence the direct and reflected trains are not quite equal,

and cannot neutralize each other at the loop.

The position of the loop has not yet been calculated for an

ordinary open pipe, but Lord Rayleigh has shown {Sound,

ii. § 307), that for a cylindrical tube of radius R, provided

withaflat extended flange, the loop may be regarded as about
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0*82 R, in advance of the end. That is, the length of the

pipe must be increased byO'82Rbefore applying Bernouilli's

theory. This is termed the end correction. Using this

result Rayleigh found the correction for an unflanged

open end by sounding two pipes nearly in unison, each

provided with a flange, and counting the beats. Then the

flange was removed from one and the beats were again

counted. The change in virtual length by removal of the

flange was thus found, and the open end correction for the

unflanged pipe was 0*6 R. This correction has also been

found by Blaikley by direct experinaent (FKil. Mag, vii.

1879, p. 339). He used a tube of variable length and
determined the length resounding to a given fork, (1)
when the closed end was the first node, (2) when it was
the second node. If these lengths are l-y and then

h is the correction for the open end.

The mean value found was 0*576 R.

Helmholtz investigated the velocity of propagation of

sound in pipes, taking into account the viscosity of the air

Propaga- (Ra^yleigh, Bounds ii. § 347), and Kirchhoff in-

vestigated it, taking into account both the
viscosity and the heat communication between
the air and the walls of the pipe {Sounds ii
Both obtained the value for the velocity

C \

tion of

waves fp
pipes.

350).

TJ(1-
E V25rN/)>

where U is the velocity in free air, E is the radius of the
pipe, N the frequency, and /) the air density. 0 is a con-
stant, equal to the coefficient of viscosity in Helmholtz’s
theory, but less simple in Kirchhoffs theory. Experiments
on the velocity in pipes were carried out hy Schneebeli
(Foffg. Ann. cxxxvL 1869, p. 296), and by Seebeck (Poaa
Ann. cxxxix. 1870, p. 104) which accorded with this resSt
as far as K is concerned, but the diminution of velocity
was found to be more nearly proportional to N" Kimdt
also obtained results in general agreement with the formula
(Rayleig^ Sound, ii. § 260). He used his dust-tube
method (0. A. § 93).

Euudt's dMt-tube may also be employed for the determination
SpedtHc “®. the speoiflo heats of a gas or vapour.
beats' ", Y “ the velocity of sound m a gas at pressure P
ratio. ^th deMity p, and rf waves of length X and fre-

«ioebetweerffi7dSt“ta^X^‘*®‘^

d=^=JL=A Ap
2 2N asrv 7’

^ ^ specific heats. If d is measuredwr two gases in sucoession for the same frequency we have

*^® S“®® to which the quantities relate.

mcThSi Varhurg applied themetod to find y for mercury vapour {Fogg. Ann. olvu? 1876 n

d^-ttSre wortS *^®®PP«»tus in which there are iwo^e sounding rod. This rod is sup-portea at i and f of its length where it enters the two dust tubes

[

to be 1*66. Rayleigh and Ramsay {Phil. Trans. A. 1895, part i.

p. 187) also used a single dust-tube \\ith a sounder to Imd y lor

argon, and again the value was 1 *66.

When a system is set vibrating and left to itself, tlie

vibration gradually dies away as the energy leaks out
either in the waves formed or through friction.

In order that the vibration may be maintained,
a periodic force must be applied either to aid the vtbratLas
internal restoring force on the return journey, or
weaken it on the outgoing journey, or toth. Thus if a pen-
dulum always receives a slight impulse in the direction of
motion just about the lowest point, this is equivalent to an
increase of the restoring force if received before i)absage
through the lowest point, and to a decrease if received after
that passage, and in either case it tends to maintain the
swing.

^

If the bob of the pendulum is iron, and if a coil is

placedjust below the centre of swing, then, if a current passes
through the coil, while and only while the bob is moving
towards it, the vibration is maintained. If the current is

on while the bob is receding, the vibration is ohec*k(‘(L Jf
it is always on it only acts as if the value of gravity weie
increased, and does not help to maintain or chock the
vibration, but merely to shorten the period.
In a common form of electrically maintained ^^ectricaiiy

— j. 1 -• T .1 tnalataintd

%. 9.

&s fcA
in ^g, 9. It is stroked in the

ensures that b
The method

the merenry experime^ the
exactly the same. In

®®“l«d into the

:

!<»>*»»»» was sttsinsdle sOnX
));.<«K^hsmessuTed. SVomliheteM^^

T^reould^^pbaSmiTd.

fork, tbe fork is set horizontal with its jirongs
in a vertical plane, and a small electro-magnet
is fixed between them. The circuit of the ch'ctro-magnet
is made and broken by the vibration of tlie lork in
^fferent ways—say, by a wire bridge attached to the
lower prong which dips into and lift', out of two mi r-
cury raps. The mercury level is so adjusted that the cir-
cuit is just not made when the fork is at rest. When it
is set vibrating contact lasts during some part of tlie out-
ward and some part of the inward swing. But paitly
owing to the delay in making contact through the carriti.'c
down of air on the contact piece, and partly owing to the
delay in establishing full current through .sclf-indiution,
tfiie attracting force does not rise at once to its full \ulncm the outgoing journey, whereas in the return iournt \
t e mercury tends to follow up the contact piece, aiul theMl current continues up to the imstant of break. Hence
the attracting force does more work in the return jourm 1

OTitgoing, and the balance i'-,

available to increase the vibration.

shi^?/ common whi.stlo—a thin^TOt of air IS forced through a narrow slit at the bottomof the embouchure and impinges against the top
edge, which is made very sharp. The disturbance

*® will no doubt .SI t
tJie air m tbe pipe vibratmg in its own natural wriod iu 4

^^y irregidar air disturbance will set a susjiended body
natural period, but we are to consider howe vibration is maintained when once set going. W'km themoMn due to the vibration is up along lie Jpo from the

2:Srth^:£t7r.^ fnrthirtsia rana carries the sheet-like stream in with it to the inside
!?®®‘ work on the airaidmg the motion. When the motion is reversed and the

^sdi
^

i-li6 mamtenanco of tho vibratinn • • tsm^g tube (described O. A. § 89) has beeif^
^

e^kin^ by Rayleigh (Somd, h. § 322 M siasleg
as due to the way in wkch the heat k Iv
-nnicated to the vibrating a? "^^hS X' air in a
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pipe open at both, ends is vibrating in its simplest
mode, tbe air is alternately closing into and out from
the centre. During the quarter swing ending with
greatest nodal pressure, the kinetic energy is changed to
potential energy manifested in the increase of jiressure.
This becomes again kinetic in the second quarter swing,
then in the third quarter it is changed to potential energy
again, but now manifested in the decrease of pressuie.
In the last quarter it is again turned to the kinetic form.
Now suppose that at the end of the first quarter swing, at
the instant of greatest pressure, heat is suddenly ghen to
the air. The pressure is further increased and the poten-
tial energy is also increased. There will be more kinetic
energy formed in the return journey and the vibration
tends to grow. But if the heat is given at the instant of
greatest rarefaction, the increase of pressure lessens the
difference from the undisturbed pressure, and lessens the
potential energy, so that during the return less kinetic

energy is formed and the vibration tends to die away.
And what is true for the extreme points is true for the
half periods of which they are the middle points

;
that is,

heat given during the compression half aids the vibration,

and during the extension half damps it. Now let us
apply this to the singing tube. Let the gas jet tube be
of somewhat less than half the length of the singing tube,

and let the lower end of the jet tube be in a wider tube
or cavity so that it may be regarded as an “ open end.”

When the air in the singing tube is singing, it forces the
gas in the jet tube to vibrate in the same period and in

such phase that at the nozzle the pressure in both tubes

shall be the same. The lower end of the jet tube,

being open, is a loop, and the node may be regarded as

in an imaginary prolongation of the jet tube above the

nozzle. It is evident that the pressure condition will be
fulfilled only if the motions in the two tubes are in the

same direction at the same time, closing into and opening

out from the nodes together. When the motion is up-

wards gas is emitted
;
when the motion is downwards it is

checked. The gas enters in the half period from least to

greatest pressure. But there is a slight delay in ignition,

partly due to expulsion of incombustible gas drawn into

the jet tube in the previous half period, so that the most
copious supply of gas and heat is thrown into the quarter

period just preceding greatest pressure, and the vibration

is maintained. If the jet tube is somewhat longer than

half the sounding tube there will be a node in it, and now
the condition of equality of pressure requires opposite

motions in the two at the nozzle, for their nodes are

situated on opposite sides of that point. The heat com-

munication is then chiefly in the quarter vibration just

preceding greatest rarefaction, and the vibration is not

maintained.

When a flame is just not flaring, any one of a certain

range of notes sounded near it may make it flare while

the note is sounding. This was first noticed by
Senshive ^econte (PhiL Mag, xv. 1858, p. 235), and

later by Barrett {Phil Mag, xxxiii. 1867, p.

216). Barrett found that the best form of

burner for ordinary gas pressure might be made of glass

tubing about f inch in diameter contracted to an orifice

inch in diameter, the orifice being nicked by a pair of

scissors into a V-shape. The flame rises up from the

burner in a long thin column, but when an appropriate

note is sounded it suddenly drops down and thickens,

Barrett further showed by using smoke jets that the flame

is not essential. Tyndall {Sound, Lecture YI. § 7 et seq,)

describes a number of beautiful experiments with jets at

higher pressure than ordinary, say 10 inches of water,

issuing from a pinhole steatite burner. The flame may be

16 inches high, and on receiving a suitably high sound it
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suddenly drops down and roars. The sensitive point is at

the orifice. Lord Rayleigh {Sound, ii. § 370), using as a
source a bird-call,” a whistle of high frequency, formed
a series of stationary waves by reflection at a flat surface.

Placing the sensitive flame at different parts of this train,

he found that it was excited, not at the nodes where the
pressure varied, but at the loops where the motion was the
greatest and where there was little pressure change. In hih

Sound (ii. chapter xxi.) he has given a theory of the sensi-

tiveness. When the velocity of the jet is gradually increased

there is a certain range of velocity for which the jet is un-

stable, so that any deviation from the straight rush-out tends

to increase as the jet moves up. If then the jet is just on
the point of instability, and is subjected at its base to alter-

nations of motion, the sinuosities impressed on the jet

become larger and larger as it flows out, and the flame is

as it were folded on itself. Another form of sensitive jet

is very easily made by putting a piece of fine wire gauze
2 or 3 inches above a pinhole burner and igniting the

gas above the gauze. On adjusting the gas so that it

burns in a thin column, just not roaring, it is extra-

ordinarily sensitive to some particular range of notes^

going down and roaring when a note is sounded. If a

tube be placed over such a flame it makes an excellent

singing tube.

If a jet of water issues at an angle to the horizontal

from a round pinhole orifice under a few inches pressure,

it travels out as an apparently smooth cylinder
^

for a short distance, and then breaks up
drops which travel at different rates, collide,

and scatter. But if a tuning-fork of appropriate fre-

quency be set vibrating with its stalk in contact with
the holder of the pipe from which the jet issues, the

jet appears to go over in one continuous thread. Inter-

mittent illumination, however, with frequency equal to

that of the fork shows at once that the jet is really broken
up into drops, one for each •vibration, and that these move
over in a steady jirocession. The cylindrical form of jet is

unstable if its length is more than ir times its diameter, and
usually the irregular disturbances it receives at the orifice

go on growing, and ultimately break it up irregularly into

drops which go out at different rates. But, if quite

regular disturbances are impressed on the jet at intervals

of time which depend on the diameter and speed of out-

flow (they must be somewhat more than times its diameter

apart), these disturbances go on growing and break the

stream up into equal drops, which aU move with the same
velocity one after the other. An excellent account of

these and other jets is given in Boys^ Soap Bubbles,

Lecture LEI.

The formation of beats (as described in O. A, § 102) may
be illustrated by considering the disturbance at any point

due to two trains of waves of equal amplitude a
and of nearly equal frequencies If we
measure the time from an instant at which the two are

in the same phase the resultant disturbance is

y= a sin + a sin 2^
2
*

= 2a cos Tr{n-^ — n^t sin 2Tr f,

which may be regarded as a harmonic disturbance of fre-

quency {n-^ + n2)l2 but with amplitude 2a cos 77
(
72^—

slowly varying with the time. Taking the square of the

amplitude •to represent the intensity or loudness of the

sound which would be heard by an ear at the point, this is

Aa^ cos® 7r(7ij — n^t
= 2a® { 1 H- cos 2'3r{n^ - ^2)^}

>

1 a value which ranges between 0 and -ia® with frequency

j

nj^ - Tig. The sound swells out and dies down - ti^

i times per second, or there are beats per second.
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If, iasteail of considering one point in a succession of

instants, we consider a succession of points along the line of

propagation at the same instant, we evidently have waves

of amplitude varving from '2a down to 0, and then up to

2a again in distance If the difference of

frequency of the two tones is so great that the beats are

not heard sepaiately, and it the two sounds are of sufficient

loudness, tnen a tone is heard of the same frequency,

n.-n,, as the beats. This tone was first discovered by

Sorgo “in 1710, and independently a few years later by

Tai'tini, after whom it is named. It may easily be heard

"when a double whistle w^ith notes of different pitch is

Idovn strongly, or when two gongs are loudly sounded

close to the hearer. It is heaid, too, when two notes on

the harmonium are loudly sounded. Formerly, it was

generally supposed that the Tartini tone was due to the

belts themselves, that the mere variation in the amplitude

was equivalent, as far as the ear is concerned, to a super-

position on the two original tones of a smooth sine dis-

placement of the same periodicity as that variation. This

view has still some supporters, and among its recent

advocates are Koenig and Hermann. But it is very diffi-

cult to suppose that the same sensation would be aroused

by a truly periodic displacement represented by a smooth

curve, and a displacement in which the period is only in

the amplitude of the to-and-fro motion, and which is

represented by a jagged curve. No explanation is given

by the supposition
;

it is merely a statement which can

hardly be accepted unless all other explanations fail.

Helmliolti! has given a theory which certainly accounts

for the production of a tone of the frequency of the beats,

and for other tones all grouped under the name

iion times.
combination tones. The only question is

whether the intensity of the tones heard is

accounted for by the theory. Combination tones may be
produced in three ways :— (1) In the neighbourhood of

the source; (’2) in the receiving mechanism of the ear;

(3) in the medium conveying the waves.

(1) We may illustrate the first method by taking a case dis-
cussed by Helmholtz {SensatioTis of Tone, App, xvi

) where the
two sources are reeds or pipes blown fiom the same wind-chest.
Let us sui^pose that with constant excess of pressure, p, in the
wind-chest, the amplitude produced is proportional to the pressure,
BO that the two tones issuing may be represented by pa sin 27rui^
andp 2>sm 2irj2«^ ITow as each source lets out the wind periodi-
cally it affects the pressure in the chest so that we cannot re-
garti this as constant, hut may take it as better represented by
y/ 4- X«!6 sin (27r7i.g -I- ^) + jwS sin (27r7i2^ +/). Then the issuing dis-
turbance will bo

{p sitt + e) + sin {27ni^ +/)} {a sin 2imjf+ 5 sin 27m,
^pa sin -j- jp6 sin 2Tni2t

•f-^cosc- ^ cos {^Trn-^i + e)

h^ cos/-^ cos +f)

.
uh\ CL\-b

cos {23r(w,;^ - Tt^t + c}—^ cos
{
27r(»j^

+

n^t+ e}

+~ cos {2w(ni - -/} -^ cos {27r(jii+ +/} (1

Thus, aoeotaj^ymg the two original pure tones there are (ll t
octave of

; (2) a tone of frequency
: (8) a tone

Is termed by Helmholtz the eiifee/w and the third the summation tone. The amphtud^the^ tones aw proportional to the prodncts of it and J Liltiphi
combination tones wiU in turn react on^tlIHWsnre produce new combination tones with the oriein

Sl'^thM such tones may be temed ofS

A»i *Hs iaj-fetj JiMx+hii,
* are any integers. But inasmuch as the sucoessix

decreasing importance, and it iIW m^n that any beyond those in equation
(1 ) eorrespon

I to onr actual sensations. The combination tones thus pro-

duced in the source should have a physical existence in the

air, and the amplitudes of those represented in (1) should

! be of the same order. The conditions assumed in tins inves-

tigation aie probably nearly realized in a liaimonium and in i

double siren of the form used by Helmholtz (O. A § 51), and

in these cases there can bo no doubt that actual objectiv t tones no
pioduced, foi they may be detected by the aid ol losoiiatois ot the

frequency of the tone sought for. If the tones had no exist eiue

outside the ear then lesonatois would not inciease then louducss.

There is not much difficulty in detecting the dill eic nee torn by

a resonator if it is held, say, close to the reeds ol a h unn nunn,
and Helmholtz succeeded in detecting the summation ton<‘ ])y the

aid of a I esonator. Fuithci, Ruckei and Edsei, usim? a siieii as

source, have succeeded in making a folk of the appiojaiite pitch

respond to both difference and summation tones {PhiL Maq
xxxix 1895, p. 341). But thcie is no doubt that it is \<iv
difficult to detect the summation tone by the eu, and miiiy
workers have doubted the possibility, notv ithstiiidnujf tin* e\ id( m e

of such an observer as Helniholt/ Piobihly tlie fact notul hy

Mayer {Phil. Mag li. 1878, p 500, or UL;ykigh, Sound, ^80/ fii it

sounds of considerable intensity when heiid by tiumsthts n*
liable to be completely obliterated by gi i\( t sounds ol sufln n iit

force goes far to explain this, for the summitiori tones lu o!

course always accompinied by such giiver rounds.

(2) The second mode of pioduction of comlnnition fonts b\

the mechanism of the receiver is discusst d ]»y Tltdrnliolt/ ( s'f

Uons of Tone, App. XII.) and Kayleigh {Sounds 1(

depends on the restoring force due to the disphumunt ol the

receiver not being accurately propoitional to the displ ummih nt.

This want of proportionality will have a p« iiodicity, that ui the
impinging weaves, and so will pioduce vibi itions "just as d<j< s tin

variation of pressure in the case last investigit*‘<i. Wt* iju\ sn
how this occurs by supposing thit the lestoiing forte ol the
receiving mechanism is represented by

Xx -f-

where as is the displacement and is very sm ill Li t an
external force F act on the system, and for simpliiity supito-e rfs

period is so great compared with that of the im*ihanisin tii it we
may take it as practically in equilibrium with the xestonnq hue*

.

Then
F=Xaj-l-At5i:^.

Now fxs^ is very small compared with Xv, so tlut .r is iif it ly t pi il

to F/Xj and as an approximation,

— A'n-L ^F=Xa;-f
X^

or
F F-

^suppose now xnar r = a sin -h o sm zttjw, t nc cotid rerni will
evidently produce a senes of combiiutiorf tones of p<naihmtn *

2ni, 2n2, and + as in the first method, Th< re e u* h*

no doubt that the ear is ah unsymmetneal vibr.itor, am! th it it
makes combination tones, in some such ivay as is In re in in it* d,
out of two pure tones. Probably in most eises the eoinbnutiMn
tones which we hear are thus made, and possibly, too, the tom *

detected by Koenig, and by him named btat-tom s.** IL
that if two tones of frequencies p and g arc souiifi, d, and if qli^ between FTj? and (K + l);?, then a tone of fiupnmn ujh*r

frequency 7 - Is>, is luaid. Tin dith* dti m
Helmholtz s theory is to account for the an(libilit\ of stub br it

^ higher ojdei than the-fu^. Huk*r
and Edser quite failed to detect then e\tt*rnal e\int» nee, -to that
apparently they are not produced in the source. Il w« to
assume that the tones received by the car are pure aiel Jim
from j^rtials, the loudness of the beat-tones would .ippeir to

Helmholtz’s theory is not a complete acconnt.
(3) The third mode of pioduction of combmition tones t\mproduction in the medium itself, follows from the mg i «

U

itVof different parts of the wave, as investigatal at /f
this article. It is easily showm that after a time we shall hViu

faonal to the square of the particle vola-ity, an<l tli.h «ill mZduoe just the same set of combination tones. But inubablv ui
interval betueeji sitiir.

>•
'in'jh^er for these tones to grow into any iniiKirtanee, amt tl . v

•
-Loud Kayleigh, Sound, 2nd edm the stand^d treatise on the phenomena of he UstoWer, on “Facts and Theoues of Audition
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account of Helmlioltz’s Theory of Consonance and Dissonance
(briefly stated in 0, A. § 106, but not discussed in this supple-
ment).—Poynting and Thomson, Sownd^ London, 1899, is an
elementary mathematical account of the phenomena of Acoustics.

(j. H. P.*)

ACClUiy a town and episcopal see of the province of

Alessandria, Piedmont, Italy, 21 miles S.S.W. from Ales-

sandria by rail. The castle of the Palseologi is now con-

verted into a prison. Here is a technical school. Its

sulphur baths attract annually about 4000 visitors. Popu-
lation (1901), 13,786.

Acre (Arab. AMa), a survival of the Biblical Acco^ and
ancient ATce^ the chief .town of a Palestine sanjak which
includes Haifa, Nazareth, and Tiberias. From its com-
manding position on the sea-shore of a broad fertile plain

over which the coast road from Syria to Egypt has always

passed, and whence there is easy access to the rich lands of

Galilee and the Trans-Jordanic countries, it has been called

the Key of Palestine,” and its history is principally that

of its many sieges. It was occupied in turn by Assyrians,

Babylonians, Persians, and Greeks, but never by the

Hebrews, and was assigned on the division of Alexander’s

kingdom to Ptolemy Soter, after whom it was called

Ptolemais, One of its mediaeval names, Acon^ has been

preserved in that of the church of St Nicholas Aeons, in

Lombard Street, London. It exports wheat, maize, olive

oil, cotton, &c., but the trade is gradually passing to Haifa,

where there is a safer roadstead. The tovm will be con-

nected by a branch line with the Haifa-Damascus railway

now being constructed. Population, 11,000 (Moslems,

8000 ;
Christians, Jews, and others, 3000).

Act Inozoa. See Anthozoa.

ActOI1| a parish and urban district (coextensive) in

the suburbs of London, in the Ealing parliamentary division

of Middlesex, about 7 miles W. of St Paul’s, with three

railway stations. Many distinguished persons have lived

there, among them Richard Baxter, Sir Matthew Hale,

Henry Fielding, and Lindley the botanist. A recreation

ground of 21 acres was opened in 1887, and there are a

cottage hospital, a free library (1900), and a Thomas Aske

girls’ school (1901). Area, 2305 acres. Population (1881),

17,110; (1891), 24,206; (1901), 37,744.

Acton, John Emerich Edward Dai-
borg* Acton, 1st Baron (1834 ), son of Sir

Ferdinand Acton, Bart., was born at Naples, 10th January

1834. His mother, who after her husband’s death in 1837

married Earl Granule, was the daughter of the duke of

Dalberg, which caused Lord Acton, after studying under

Cardinal Wiseman at the Roman Catholic college at Oscott,

to receive the most valuable part of his education in

Bavaria. Under the inspiration of Dollinger, in whose

house he lived for a considerable time, he imbibed not

only that love of history, but that disposition to treat his-

tory as a science in a thoroughly impartial spirit, and to

render a profound investigation of canon and of inter-

national law auxiliary to historical research, which have

ever since distinguished him. ‘ Such a spirit must be one

of especial hostility to ultramontane pretensions
;
and Lord

Acton, although a sincere Catholic, made it for a time his

especial mission to combat these in the JSoTne ct/nid FoTeigTv

Review^ which he conducted from 1862 to 1864 with a

vigour insuring its condemnation and virtual suppression

by the Roman Catholic hierarchy.' Nothing daunted,

Lord Acton and his friends acquired the North British

Review, hitherto an organ of the Free Church of Scotland,

and carried it on actively for several years in the interest

of a high-class Liberalism both in temporal and in ecclesi-

astical matters. Lord Acton contributed several valuable

articles, and in 1870 proceeded to Rome to take such
part as was possible to a layman in opposing the promul-

gation of the dogma of papal infallibility. He w^as active

as a writer under his own name and as an inspirer of the

writings of others, but the calamity so much dreaded by
Liberal Catholics was not to be averted. The Old Catholic

separation followed, but Lord Acton held aloof. He had
been raised to the peerage in 1869, but his great know-
ledge and breadth of view have been too little enlisted in

the service of the House of Lords. In 1874, however, he
came forward conspicuously as a supporter of Mr Glad-

stone in the controversy on “ Vaticanism,” pointing out in

a series of letters to the Times various actions and char-

acteristics of individual popes by no means easy to recon-

cile with the doctrine of papal infallibility. For many
years little came from his pen except an article on the

divorce of Henry VIII. in the Quarterly Review for 1877,

and an essay on modern German historians, contributed to

the first number of the JSnghsh Historical Review in 1886.

In 1895, however, his acceptance of the Regius Professor-

ship of Modern History at Cambridge, vacant by the death

of Sir John Seeley, drew from him an inaugural lecture

on “The Study of History,” with notes displaying a vast

erudition, by no means merely historical. Lord Acton

has since continued to lecture regularly, and, at the

instance of the university, undertook the editorship

of a great modern history by various writers from the

middle of the 15th century to the present day. Lord Acton

is an Honorary Fellow of All Souls’ college, Oxford, and

was a lord-in-waitmg from 1892 to 1895.
•

Acts of the Apostles.—In this article we
shall deal with such additions to our knowledge as have

been made since 1875, when the article in the nmth edition

of this work was published.

Text,—The apparatus criticus of Acts has grown con-

siderably of recent years
;
yet mainly in one direction,

that of the so-called “ Western ” text. This term, which

our growing knowledge, especially of the Syriac and other

Eastern versions, is rendering more and more unsatis-

factory, stands for a text which used to be connected

almost exclusively with the “ eccentric ” Codex Bezae, But

it is now recogmzed to have been very widespread, both

in east and west, for some 200 years or more from about

the middle of the 2nd century. The process, however, of

sifting out the readings of all our present witnesses

—

MSS., versions, fathers—has not yet gone far enough to

yield any sure or final result as to the history of this text,

so as to show what in its extant forms is primary,

secondary, and so on. Beginnings have been made

towards grouping our authorities
;
but the work must go

on much further before a solid basis for the reconstruction

of its primitive form can be said to exist. The attempts

so far made at such a reconstruction, as by Blass (1895,

1897) and Hilgenfeld (1899), are quite arbitrary. And
the like must be said of the most recent contribution to

the problem, that of August Pott,^ though he has helped

to define one condition of success—^the classification of the

strata in “ Western ” texts—and has taken some steps in

the right direction, in connexion with the complex pheno-

mena of one witness, the Harklean Sj^iac.

Assuming, however, that the original form of the

“ Western ” text had been reached, the question of its his-

torical value, Le,, its relation to the original text of Acts,

yet remains. On this point the highest claims have

recently been made by Blass. Ever since 1894 he has

held that both the “ Western ” text of Acts (which he styles

the jS text) and its rival, the text of the great uncials

1 Der abendla,ndische Text der Apostdgeschichte u. die WiT’^uelle.

Leipzig, 1900.
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(whicli he styles the a text), are due to the authors own

hand. Further, that the former is the more original of

the two, being related to the latter as fuller first draft to

severely pruned copy. But even in its latest form, that

jS stands nearer the GvuTidschTift than a, but yet is, like

a, a copy from it,” the theory is really untenable.
^

In

sober contrast to Blass’ sweeping theory stand the views

of Prof. W. M. Bamsay. Already in TJm Chwrch in the

lioMccTi JSTiipiTe (1893) he held that the Godex JBezcs rested

on, a lecension made in Asia Minor (somewhere between

Ephesus and S, Galatia), not later than about the middle

of the 2ud century. Though some at least of the altera-

tions in Godex Besm arose through a gradual process, and

not through the action of an individual reviser,” the

revision in (Question was the work of a single reviser, who
in Ms changes and additions expressed the local interpre-

tation put upon Acts in his own time. His aim, in suiting

the text to the views of his day, was partly to make it

more intelligible to the public, and partly to make it more
complete. To this end he “added some touches where

surviving tradition seemed to contain trustworthy addi-

tional particulars,” such as the statement that Paul taught

in the lecture-room of Tyrannus “from the fifth to the

tenth hour.” In his later work, on St Faul the Traveller

and the Eormn Citizen (1895), Ramsay’s views gain both
in precision and in breadth. The gain lies chiefly in

seeing beyond the Bezan text to the “ Western ” text as a
whole. But when he writes that, “wherever the Bezan
text is confirmed by old versions and by certain Greek
MSS

,
it seems to me to deserve very earnest considera-

tion, as at least pointing in the direction of an original

teadmg subjected to widespread corruption,” he goes
beyond the mark. Such agreement need not mean more
than that the reading is a gloss belonging to the “ Western ”

text, as it arose under conditions which Ramsay himself
excellently describes.

On the whole, then, the text of Acts as printed by
Westcott and Hort, on the basis of the earliest MSS. (8<B),
seems as near the autograph as that in any other part of
the Hew Testament; whereas the “Western” text, even
in its earliest traceable forms, is secondary. This does
not mean that it has no historical value of its own. It
may well contain some true supplements to the original
text, derived from local tradition or happy inference *

certain of these may even date from the end of the 1st
^ntury, and the larger part of them are probably not
later tlmx the^ middle of the 3nd. But its value lies
mainly in the light cast on the ecclesiastical tradition in
certain quai^rs during the epoch in question. The nature
of the readings themselves, and the distribution of the
witne^ for them, alike point to a process involving several
s^es and several originating centres of diffusion. The
^ificatMn of groups of “ Western ” witnesses has already

Wten completed, it will cast light, not only on the
OTgin and growth of this type of text, but also on the exact

of the remaining witnesses to the original text of Acts
Acte.—Here the Tubingen schooldM its chief work in puttmg the needful question, not inrefcummg the correct answer. Their answer could not be^ Bdtschl shows, their premises were

attitude created by the Tubingen theory
persists as a biassing element in much that is
about Acl^. On the whole, however, there is a^position to Iwk at the book more objectively and tof^w up the hints as to ife aim given hythe lkZ £

iSSSXLS' ^^ one set forth in
providential stages by

ms Wteblishment of tihe consummated Ki^dSn of

God ;
so the later work aims at setting forth on similar

principles its extension by means of His chosen repie-

sentatives or apostles. This involves emphasis on the

identity of the power, divine and not merely human
power, expressed in the great series of facts from first to

last, and so upon (2) the Holy Spirit, as directing and
energizing throughout the whole struggle with the powers
of evil to be overcome in either ministry, of Master or

disciples. But (3) the continuity is more than similarity

of activity, resting on the same divine energy. The woik-
ing of the energy in the disciples is conditioned by the

continued life and volition of their Master at His Fathei’s
right hand in heaven. The living link between Master
and disciples is the Holy Spirit, “ the Spirit of Jesus.’"

Hence the pains taken to exhibit afresh (i. 2, 4 f. 8, ii.

1 ff
,
c/. Luke xxiv. 49) the fact of such spiritual solidarity,

whereby their activity means His continued action in the
world. And (4) the scope of this action is nothing less

than humanity as gathered within the Roman empiie. It
was foreordained that Messiah’s witnesses should bo borne
by divine power through all obstacles and to evci-widening
circles, until they reached and occupied Romo itself for

the God of Israel—^now manifest (as foretold by fsi'acl’s

own prophets) as the one God of the one race of mankind.
(5) Further, as we gather from the parallel account in
Luke xxiv. 46-48, the divinely appointed method of
victory is through suffering (Acts xiv, 22). This thought
explains the large space devoted to the tribulations of the
witnesses, and their constancy amid them, after tlie tyjje
and sample of their victorious Lord. It forms one side
of the virtual apologia for the absence of that outward
prosperity in which the pagan mind was apt to s(*e the
token of divine approval. Another side is the recurring
exhibition of the fact that these witnesses were pcisecutcd
only by those whose action should create no bi«is against
the persecuted. Their foes were chiefly Jews, whose
opposition was due partly to a stiff-necked disinclination
to bow to the wider reading of their own religicm

—

tc>

which the Holy Spirit had from of old been pointing—
and partly to jealousy of those who, by preaching the wider
Messianic Evangel, were winning over the Gentiles, and
particularly proselytes, in such great numbers.

Such, then, seem to be our author’s main
They make up an account fairly adequate to the mani-
foldness of the book

; and yet they all run up into one
central idea, viz., the divine character of the Christian
religion, as evinced by the manner of its extension in the
empire. This view has the merit of giving the book a
practical religious aim—a sim qud non to any theory of
an early Christian writing. Though addressed to men of
pagan birth in the first instance, it is to them as inquirers
or even recent converts, such as “ Theophilus,” that the
appeal IS made. In spite of aU difficulties, this religion
IS worthy of personal belief and acceptance. Such is the

our author’s work. Yet among the conditioning
teatnres of the occasion, which impressed him with theneed of such an appeal, was doubtless the exLstonco of
persecution now actuaUy carried out by the Eoman
anthorita^ sometimes perhaps of their own motion. Tomeet this special perplexity our author holds up the

GoS protagonists of thewspel coMtantly enjoyed protection at the hands ofEonmn justice. It is implied that the present distress^ but a passing phase, resting on some misSidersS
«Pe®^®le of apostoKc constantab^d yield strong consolation to the tried

^
trom this standpoint Acts no longer saemR tn

marvellons divine lead-

atltuS^f Vk p impartial and even Wndlyitude of the Eoman state towards the Christmas, the
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writer lias reached a climax. “ He wished,” as Harnack
well remarks, “ to point out the might of the Holy Spirit
in the apostles, Christ's witnesses

; and to show how this
might earned the Gospel from Jerusalem to Borne and
gained for it entrance into the pagan world, whilst the
Jews in growing degree incurred rejection. In keeping
with this, verses 26-28 of chapter xxviii. are the solemn
closing verses of the work. But verses 30, 31 are an
appended observation.” So far, so good

; but objection
may be taken when Harnack goes on to say that this
observation does not admit of explanation from the plan
of the work, “ but rather from the almost independent
interest which, not so much the life of Paul, as the mar-
vellous manner of the realization of Paul's journey to
Rome

^

had incidentally acquired for the author.” To
many it will seem that the writer is ending up most fitly

on one of his keynotes, in that he leaves Paul preaching
in Rome itself, “unmolested.” The full force of this is

missed by those who, while rejecting the idea that the
author had in reserve enough Pauline history to furnish
another work, yet hold that Paul was freed from the
imprisonment amid which Acts leaves him.’- But for those,

on the other hand, who see in the writer's own words in
XX. 38, uncontradicted by anything in the sequel, a broad
hint that Paul never saw his Ephesian friends again, the
natural view is open that the sequel to the two years'

preaching was too notorious to call for explicit record.

Hor would such silence touching Paul's speedy martyrdom
be disingenuous, any more than on the theory that martyr-
dom overtook him several years later. Our author would
view Paul’s death as a mere exception to the rule of

Roman policy heretofore illustrated, due to the influence

of a sort of madman, such as Hero was naturally held
to be in the latter part of his reign. Not even by the
Roman authorities were some of his acts regarded as pre-

cedents
;
and so our author could honestly refrain from

recording what he viewed as a mere freak of Neronian
caprice, especially as it would be already known to his

contemporaries. Such silence would be the more natural

if he were writing in Rome, a conclusion to which certain

things are often thought to point.

Date.—^External evidence now points to the existence

of Acts at least as early as the opening years of the 2nd
century. As evidence for the Third Gospel holds almost

equally for Acts, its existence in Marcion's day (120-140)

is now assured. Further, the traces of it in Polycarp ^ and
Ignatius,® when taken together, are highly probable. And
what is still more important, it is probable that Acts was
already known in Rome by c. a.d. 96. For it is widely

admitted that the resemblance of Acts xiii. 22, and 1

Clem, xviii. 1, in features not found in the Psalm (Ixxxix.

20) quoted by each, cannot be accidental.

Acts xiii 22. 1 Clem. xviu. 1. ^
ijyeLpev rhv Aaveid ... $ /cal dk etirafiev M fiefiap-

etirev /mprvpifjtTaSf ESpov Aaveid rvprjja^yq) Aaveid
;

irpbs dv etirev

rhv Tov *l€(r<Tai, dvdpa Kara r^v d BeoSj T^dpov Avdpa Karat, r^v

Kapdiav fiov [dvdpa k.t\. from 1 Kapdiav fiov, Aaveid rdv rod

Sam. xiii, 14, dvdptairov k r.X.]. *l€<r<ralt iv iXiei altovltp

aMv,

Here the Greek Bible has simply ESpov AavelB rbv

SovXov fjLov, NTor should the reference in either case to

David as a man witnessed to by God, be overlooked,

tending as it does to exclude the idea that the likeness
————^—

^ Unless we arbitrarily separate (m tbe face of tbe ancient Latin

version) ivl rb rip/ia rrjs ddaews i\6d}v, from Kal /xaprvfyi/jaas irrl rwv
TjyepLbvoJv oDrm dinjWdyTj roG K6<r/iov,<l Clement v. 7 gives no support

to this idea ; while the next chapter seems clearly to put Pauls death

not later than the Neroman persecution of a.d. 64.

^ Polyc. ad Philipp, i. 2, Acts ii. 24 ;
u* 1, Acts x. 42 ; ii. S,

Acts XX. 35 ; vi. 3, Acts vii. 62.

® Ign, ad Magn. v. 1, Acts i. 25 ;
ad Smym. iii. 3, Acts x. 41.

between the passages is due to some third source The
dependence seems clearly to be on the side of 1 Clement,
especially in view of possible echoes of Acts xx. 35, which
it contains in three distinct places (li. 1, xiii. 1, xlvi. 7, cf.
Polyc. ii. 3). There is, then, high probability that Acts
was current in Antioch and Smyrna not later than c,

A.D. 115, and in Rome as early c. a.d. 96.

With this view internal evidence agrees. In spite of
Blass' advocacy of a date prior to a.d. 70, the bulk of
critical opinion puts this theory firmly aside. Thus the
prologue to the Gospel of which Acts is the sequel, already
implies the dying out of the generation of eye-witnesses
as a body. Of recent years, too, the relations of Church
and Empire have been brought to bear, especially by
Ramsay. And his dating, a.d. 81 or soon after, fits in with
a strong consensus of critical opinion both in England and
abroad—Harnack, for instance, placing Acts between 80
and 93, while Zahn prefers 75 to 80. So that a.d. 80
may be taken as a fair average date, while any year
between it and 71 is open. Of the reasons for a
date in one of the earlier decades of the second century, as
argued by the Tubingen school and its heirs, several are
now really imtenable. Among these are the supposed
traces of 2nd-century gnosticism and “ hierarchical ” ideas
of organization; but especially the argument from the
relation of the Roman state to the Christians, which
Ramsay has completely reversed and turned into proof
of an origin prior to Pliny's correspondence with Trajan
on the subject. Another fact, now generally admitted,
renders a 2nd -century date yet more incredible; and
that is, the failure of a writer devoted to Paul's memory
to make palpable use of his Epistles. Instead of this he
writes in a fashion that seems to traverse certain facts

recorded in them. If, indeed, it were proved that Acts
uses the later works of Josephus, we should have to place
the book about a.I). 100. But this is far from being the
case, a critic like Harnack decisively rejecting the alleged

dependence.

Sources.—So far from the recognition of a plan in Acts
being in itself inimical to a serious quest after the materials
used in its composition, one may say that it points the
way thereto, while it keeps the literary analysis wnthin
scientific limits. Thus the more one realizes the theological

standpoint of the mind pervading the book as a -whole, the
more one feels that the speeches in the first part of Acts

—

and indeed elsewhere, too—are not “free compositions”
of our author, the outcome of dramatic idealization such
as ancient historians like Thucydides or Polybius allowed
themselves. The Christology, for instance, of the early

Petrine speeches is such as a Gentile Christian writing
c. 80 A.D, simply could not have imagined, even had the

idea of adopting Judseo-Christian categories been present

to his mind. Thus we are forced to assume the use of

a certain amount of early Judaeo- Christian material,

analogous to that implied also in the special parts of the
Third Gospel. One critic, at least, Paul Feine {Bine vor~

hanonische TJeh&rliefenmg des Luhas^ 1891), suggests that

a single document explains this material in both works, as

far as Acts xii.
;
wMe others maintain that more than

one such source underlies Acts i.-xii., or even i.-xv. {e.g.^

a source embodying the traditions of the largely Gentile

Church of Antioch). Yet if our author was an Antiochene
and a careful inquirer (Luke i. 3), this may explain all.

It cannot, indeed, be said that definite results have here

been attained as yet. But the study is a new one, and
the resources of analysis, the linguistic in particulai, are

by no means exhausted. One important analogy for the

way in which one author may be supposed to have handled
his sources exists ; and that is the manner in which he
uses Mark's narrative in compiling his own Gospel.



60 A D A B A Z A It— A D A L 1 A
Guided by such an objective criterion, and safeguarded

by growing insight into the author's plastic aim, we ne(‘d

not despair of reaching large agreement <ivS to the main
scope of the sources lying behind the first half of Acts.

In the second or strictly Pauline half we are confronted

by the so-called ‘‘we” passages. Of these t%vo main
theories are possible ;

that which sees in them traces of an
earlier document—whether entries in a tr<ivc‘l-diary, or

a more or less consecutive narrative written later; and
that which would regard the “ we ” as duo to the author’s

breaking instinctively into the first person plural at those

points in the history at which he him.self had been presemt.

On the former hypothesis, it is still in debate whether the
“ we ” document does or docs not lie behind more of the

narrative than is definitely indicated by the formula in

question (e.y., cc. xiii.-xv., xxi. 19-xxvi.)

Auihcyi'slwp .—Was the author of the “we” passages,

in any form, also the author of Acts as it now'' sttinds ?

And if so, was that author's name Luke, as ecclesiastical

tradition has steadily affirmed from the time when its

voice first reaches us? Few deny that Luke, Paul's

companion of that name, was the author of the “vre”
passages. The tradition connecting him with Acts in t(H>

early and unanimous to be mistaken, especi<dly seeing that
his name was not prominent enough to account for such
an ascription by “spontaneous generation.” Hence those
who would see in the “we” passages traces of an earlier

travel-document written by Timothy or Silas, seem bound
in a special degree to make Luke the author of Acts as a
whole. In this case, however, they have yet to explain
how so skilled a writer, ono elsewhere master of his sources
as to literary form, could leave these sections couched in
the first person of the eye-witness. And it may fairly be
said that, if the weight of exi^ert opinion is against the
theory of literary negligence, it inclines also against the
theory of pious fraud—the retention of the first jK^rson
with intent to deceive. The net result is, that unity of
authorship between the “we” passages and the rest of
Acts seems the one tenable view; and this involves the
Lucan authorship of hoth.^ As to such historical diffi-
culties in Acts as at present perplex the student of the
apostolic age, -one must remember in most cases the
possibilities of mistake intervening between the facts and
the accounts^ reaching its author at second or oven third
^nd.^ Yet it must be strongly emphasized that recent
histori^l research at the hands of experts in classical
Antiquity has tended steadily to verify such parts of the
mrrative as it can test. That is no new result

; but it
has come to light in greater degree of recent years, and
notably during the last decade. Tho proofs of our author’s
tostworthiness extend also to the theological sphere.
What TOs said above of the Ohristology of the Petrine
speeches, applies also to the whole conception of Messianic
^Ivation, the eschatology, tho idea of Jesus as equipped
by the Holy Spirit for His Messianic work, found in
these speeAes, as also to titles like “Jesus the Nazarenc”
and ' the Eighteous One ” both in and beyond the Petrine
^eeches. These and other cases in which we are led
to discMm Judaean witness behind Acts, do not indeed give
to mch witness the value of shorthand notes or even of
abs^cts bas^ thereon. But they do support the theoryt^t 0^ autoor to give an unvarnished account
or such words and deeds as had come to his knowledge
The perspective of the whole is no doubt his own:
as his witaMses probably furnished but few hints for awntmuons historical narrative, this perspective, especially

’‘This accoi^ exo^ently with the reference in CoL iv. 14 toIsike as a physician. For a good account of the argument teom the^^l^language of Acts, see Knowling,

in things <bron< logical, may .sennet inu*s be faulty. Yet
, when one leinembei.s that by SO v.i). it mn4 Inive In^eu

a inattiT of small inttuvst by what tentative the

Messianic salivation first exteiuh*<l to tin* th-ntiles, it Is

surely surprising tluit A<‘ts enters into su(‘h <btail on the

subject, siiid is not (‘ont( nt with et summaiy aMount tlm

matter .such as the mere “ logn et th,* -ubj^st WfJtild

naturally .suggest. In any e.ise tlu' uuy dithunu of

the ptT.spei tne of A(t-^aml of Galatiiio, in inoolmg the

s^wne epofhs m Panrs hLttay, <iigue, sut h an ui«b p« leh me
in the fornur .is is eompatibh^, in the ta of an adtumr
of the apostle, only with au early date, win n an

Galatians might easily he unknown beyond the diNtint to

whi(*h It wan addrt*sw d.-

Qmlioi/cnti/cy then, a dmtineti\e featme ren nf n
search upon Acts*, is a sohfUit oi many difih’ulties in the
way of treating Acts as an hon< t nairatno In i t nuh
panion of lUul. It will .utount, tor in tantr/tMi mh

av He on tlie Mnf,i<e of fhr tin* * im unit of

HaubH efmvmifm; while tht‘ tub hty with whuh our
author usch Juh materials is shown !>y hi not a annl itm ^

* the amiuntH in PauPw sjMs*ehei to tlu* < ul*n lunatn* m
chapter ix. In adilithin QmUt nkrttik\ w?* miy abo
ernmt among recent gains a juster metlMHj <>f judging uu h
a hook. For among the reaults of the Tubmg*ui eutieism
wiiH what Dr Handay ealln “an unnal and iirtifieial

Htiindard, the standard of the lUth <‘entury rather than
tlm 1st, of (Jermany rather than Falentine [may w»* not
add Antiwh or Home?], of thi» lanq^ and the study rather
than of active Hie.” In the recovery of a more r<*3il

atamlard, we owe much to men like Nlomuneu, iUutJitiy,

and Blass, tnuned amid other metlaMl.H and tiaditlonn flun
ihoae which had bnaight the mifitruetixe study of Aci^
almost to a dwulI<K*k.

lilTKiiA-lT'itr.—It W’ould tako tea much to m
of the extonrive ami varkd htoraturt that githnnl roasd A* t4
durnig the kut quarter of the I9th etrdurv. it may Ic hnm*l tn
two recent and repn seutativu rommintusj*, m/ » XbndFii hH
edition of Meyer (im*), ami that by K. d* Knewang m m
E^'iwsitor* (/reek Teatiument, voL li. ItJOO.

^ ^

A€l^b^.X^fi an in:i|iortant c<unmercLd town m Ada
Minor,Hitualed on tHv<dd mlliUiryn lad from ('Mndannnopta
to tho east, and 5i miles distant from a shition of tim
mitm name on the Anatolian milwny. It w.u humded in
1510 and enlarged in I60H by the sVttlenient in it of nn
Armenian colony. There silk ami linen industneii
and an export of ti>bacco, walnut-wmwl, eoeooii^, and
vegetabloH for the C<m«tantinople market. Imports
valued at .£80,000, ami exportfi at HfiO Hopnhii
tion, 18,000 (Mo-slwns, 10,000; Ohrij»fiai»u, 8000).

£, 'I*'
ciunhH-al Amkut,

t^cuia, tho chi»f town anti scajKirt of a wtnjak f*f iJh<
ivonm yihiyet in Aw'a Minor. It is situatiul at a it* t-ntfring
angle, in ti flat liinwtt.ne bormv. which tenniuatt'S A-uwani
in a cliff aU)ut 120 feet high, and liad an inner and tsio-r
mrbour. The town lies partly within anti jtartly with.»«t
the old Trails, m which may still U* seen Uw Perga <5.^te.
built by mdrmn, a tower erected by the KmpreM Jnlia.
and many Greek and Latin inwrifitions. There are .tetend

HchtKds) built by the K,.|j.,k^taiw of Eiim, and a few remains of Itoman ami Birin
tine buddings.

Atialei# was founded, li59-138 B.e., to fseilitet* trad..
the Petgamene kingdom and Syria and Egj'jit. Oitd* r tii«It was an important town, conaeoted by highway* uu), iLlttlae

^'»*8“tthe numerous ImtsahtlB iim* menu hetwron

iiiA^xai. a
/ oftheohurobea whoro foundation lidmrtM



ADAMAWA—ADAMS
and Pisidiaix Antiocli, and the centre of a large sea-borne trade.
It became the metropolis of Pamphylia, and in 1148 it gave timely
sheltei to the harassed troops that Louis YIL of France was lead-
ing to Palestine. Afterwards it passed to the Seljuk Turks, 1206

;

to the \ enetians, 1307 ; to the Mongols, the Genoese, and finally to
the Osmanli Sultan Murad II. (1421-51). Adalia has lost much of
its trade since the opening of railways from Smyrna to the interior,
but it still exports cereals, timber, valonea, liquorice root, and
cotton

; the exports in 1899 were valued at £152,156, the imports
at £120,073. It is the seat of a British vice-consulate. Popula-
tion, 30,000 (Moslems, 24,000 ; Christians, many apparently of
Jewish origin, 6000).

AdAni3.W£i| a country of West Africa, now divided
between the British colony of ITigeria (which includes
the chief town, Yola) and the German colony of Cameroon.
Recent estimates place the height of the granite range of
Alantika, the loftiest point in the country, at only 6000
feet. The pagan negro tribes have been dominated by the
Mahommedan Fullas, so widely spread over West and
Central Africa, for about four centuries. There are also

in the country to-day large numbers of Haussas, who con-
tinue to push southwards as traders, as well as Arabs and
Kanuri. The Emir of the state of Yola formerly claimed
rights of suzerainty over the whole of Adamawa, but the
country now consists of a number of separate sultanates

which are gradually being brought under the influence of

the British and Germans. The town of Garua on the

Upper Benue is one of the principal trade centres in the

north, and that of Yoko one of the principal in the south.

After Barth, the first traveller to penetrate Adamawa was
the German, E. R. Flegel (1882), but the country has since

been traversed by many expeditions, especially that of

Uechtritz and Passarge (1893-94). (See especially Pas-

SAUGE. Adaniaua, Berlin, 1895.)

Ada.lTIS| a town in Berkshire county, in the north-

western part of Massachusetts, U.S.A,, having an area of

23 square miles. It includes a portion of the valley of

Hoosac river, extending to the Hoosac range on the east,

and on the west to Greylock mountain, the highest point

in the state, having an altitude of 3505 feet. The valley

portion is level and contains several villages, the largest

of which bears the same name as the town. Adams
village is on a branch of the Boston and Albany railroad,

is irregularly laid out, aud has an altitude above sea of

798 feet. The town was incorporated in 1778. The

population in 1880 was 5591 ;
in 1890 it was 9213, and

in 1900 it was 11,134,

igldams, Charles Francis (1807-1886),

American diplomatist, son of John Quincy Adams, and

grandson of John Adams, was bom in Boston on the 18th of

August 1807. His father, having been appointed minister

to Russia, took him to St Petersburg, where he acquired

a perfect familiarity with French, learning it as his native

tongue. After eight years spent in Russia and England,

he attended Harvard College, and graduated there at

eighteen. Then he lived two years in the White House,

Washington, during the presidency of Ms father, studying

law and moving in society, where he met Webster, Clay,

Jackson, and Randolph. Returning to Boston he devoted

ten years to business and study, and wrote for the JVorth

ATnericafi Review. He also undertook the management of

Ms father’s pecuniary affairs, and actively supported him in

his contest in the House of Representatives for the right

of petition and the anti-slavery cause. In 1848 he was

prominent in politics as a ‘‘Conscience Whig,” presiding

over the Buffalo Convention which formed the Free Soil

party and nominated Van Buren for president and himself

for vice-president. As a member of the House of Repre-

sentatives in that Congress which sat from 3rd December

1860 to 4th March 1861, he represented Massachusetts in

61

the committee of thirty-three at the time of the secession

of seven of the Southern States. His selection by the
chairman of this committee to present to the full committee
certain propositions agreed upon by two-thirds of the re-

publican members, and his cMm and able speech of 31st
January 1861 in the House, served to make Mm conspicu-

ous before Congress and the country. Together with
Seward, he stood for the republican policy of concession

;

and, while he was criticized severely, and charged with in-

consistency in view of his record as a Conscience Whig, he
was of the same mind as Lincoln, willing to concede non-
essentials, but holding rigidly to the principle, properly

understood, that there must be no extension of slavery.

He believed that as the republicans were the victors they
ought to show a spirit of conciliation, and that the policy

of righteousness was likewise one of expediency, since it

would have for its result the holding of the border slave

States with the North until 4th March, when the re-

publicans could take possession of the Government at

Washington. With the incoming of the new administra-

tion Secretary Seward secured for Adams the appoint-

ment of minister to Great Britain. So much sympathy
was shown in England for the southern cause that

his path was beset with diflSiculties
;
hut his mission

was to prevent the interference of Great Britain in the

struggle; and while the work of Lincoln, Seward, and
Sumner, and the cause of emancipation, tended to tMs
end, the American minister was insistent and unyield-

ing, and knew how to present his case forcibly and
with dignity. He laboured with energy and discretion

to prevent the escape of the Alabama; and, when un-

successful iu tMs, he persistently urged upon the British

Government its responsibility for the destruction of

American merchant vessels by that cruiser. His reserve

and frigidity, enforced by his diplomatic ability and high

character, procured him the respect of the English, and
were of marked assistance to him in Ms ministerial and
social duties. In many emergencies he displayed coolness

and courage of a high order. In his own diary he shows
that underneath the calm exterior were serious trouble

and keen anxiety
;
and, in fact, the strain wMch he under-

went during the Civil war made itself felt in later years.

Adams was instrumental in getting Earl RusseU to stop

;

the Alexandra, and it was his industry and pertinacity in

argument and remonstrance that induced Russell to order

the detention in September 1863 of the two ironclad rams

intended for the Southern Confederacy. Adams remained

in England until May 1868. His last important work
was as a member of the Tribunal of Arbitration at Geneva,

wMch disposed of the “ Alabama claims.” His knowledge

of the subject, and his fairness of mind, enabled him to

render his country and the cause of international arbitra-

tion valuable service. He died at Boston on the 21st of

November 1886.

An excellent biography of him has been written by Ms son,

Charles F. Adams, in the American StatesTmn series (1900). For
his labours in editing works and memoirs, his private speeches and
honorary degrees, see Memoir in Masmehmetts Ristoriccd Society

Froceedmgs, October 1899. (j, r, r.)

Adams, John Couch (1819-1892), British

astronomer, was born at Lidcot farmhouse, Laneast,

Cornwall, on 5th June 1819. His father, Thomas Adams,
was a tenant farmer; Ms mother, Tabitha Knill Grylls,

inherited a small estate at Badharlick. From the village

school at Laneast he went, at the age of twelve, to Devon-

port, where Ms mother’s cousin, the Rev. John Couch
Grylls, kept a private school. His promise as a mathe-

matician induced his parents to send him to the University

of Cambridge, and in October 1839 he entered as a sizar

at St John’s College. He graduated B.A. in 1843 as the
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senior wrangler and first Smith’s prizeman of hiwS year.

While still an undergraduate he happened to read of

certain unexplained irregularities in the motion of the

planet Uranus, and determined to investigate them as soon

as possible, with a view to ascertaining whether they

might not be due to the action of an undiscovered planet

beyond it. Elected fellow of his college in 1843, he at

once proceeded to attack the novel problem. It was this

:

from the observed perturbations of a known planet to

deduce by calculation, assuming only Newton’s law of

gravitation, the mass and orbit of an unknown disturbing

body. By September 1845 he obtained his first solution,

and handed to Professor Challis, the director of the

Cambridge Observatory, a paper giving the elements of

what he described as “ the new planet.” On 21bt October

1845 ho left at Greenwich Observatory, for the information

of Airy, the astronomer royal, a similar document, still

preserved among the archives. A fortnight afterwards

Airy wrote asking a question about a point in the solution.

Adams, who thought the point trivial, did not reply, and

Airy for some months took no steps to verify by telescopic

search the results of the young mathematician’s investiga-

tion. Meanwhile, Le Verrier, on 10th November 1845,

presented to the French Academy a memoir on Uranus,

showing that the existing theory failed to account for its

motion. Unaware of Adams’s work, he attempted a like

inquiry, and on Ist June 1846, in a second memoir, gave

the position, but not the mass or orbit, of the disturbing

body whose existence was presumed. The longitude he

assigned differed by only 1“ from that predicted by Adams
in the document which Airy possessed. The latter was
struck by the coincidence, and mentioned it to the Board
of Visitors of the Observatory, Challis and Herschel being

present. Herschel, at the ensuing meeting of the British

Association early in September, accordingly ventured to

predict that a new planet would shortly be discovered.

Meanwhile Airy had in July suggested to Challis that the

planet should be sought for with the Cambridge equatorial.

The search was begun by a laborious method at the end
of the month. On 4th and 12th August, as afterwards

appeared, the planet was actually observed ; but owing to

the want of a proper star-map it was not then recognized as

planetary. Le Verrier, still ignorant of these occurrences,

presented on 31st August 1846 a third memoir, giving

for the first time the mass and orbit of the new body. He
communicated Ms results by letter to Dr Galle, of the

Berlin Observatory, who at once examined the suggested

region of the heavens. On 23rd September he detected

near the predicted place a small star unrecorded in the

map, and next evening found that it had a proper motion.

No doubt remained that ^‘Le Verrier’s planet” had been
discovered. On the announcement of the fact Herschel

and Challis made known that Adams had already calculated

the planet’s elements and position. Airy at length pub-
lished an account of the circumstances, and Adams’s
memoir was printed as an appendix to the Nautical

Almotmm, A keen controversy arose in France and
England as to the merits of the two astronomers. In the

latter country much surprise was expressed at the apathy
of Airy; in France the claims m^e for an unlmown
Englishman were resented as detracting from the credit

due to Le Verrier’s acMevement. As the indisput-

able facts became known, the world recognized that

the two astronomers had independently solved the

problem of Uranus, and to each ascribed an equal

glory. The new planet, at first called Le V&rHer by
Arago, received by general consent the neutral name of

Neptmie. Its mathematical prediction was not only an
unsurpassed intellectual feat

; it showed also that Newton’s
law of gravitation, which Airy had almost called in

question, prevailed even to the utmost bounds of tho solar

system.

The honour of knighthood was offered to Adams when
Queen Victoria visited Cambiidge next year

;
but then, as

on a subsequent occasion, his modesty led him to decline it.

The Eoyal Society awarded him its Coificy medal in 1848.

In the same year the members of St John’s College com-

memorated his success by founding in the University an
Adams prize, to be given biennially for the best treatise

on a mathematical subject. In 1851 he became president

of the iloyal Astionomical Society. His lay fellowshi}) at

St John’s College came to an end in 1852, and the exist-

ing statutes did not permit of his re-election. I’embroke

College, which possessed greater freedom, elected him in

the following year to a lay fellowshij[), and this he lield for

the rest of his life. In 1<S58 he became i)rofcssor of

mathematics at St Andrews, but lectured only for a
session, *vvhen he vacated tlie chair for the Lowndt^au

professorship of astronomy and geometry at Cambridge.

Two years later he succeeded Challis as director of the

Observatory, where he resided until his death. In J8G3

ho married Miss Eliza Bruce, of Dublin, who survived

him.

Although Adams’s researches on Neptune were those

which attracted widest notice, tho work he subse<j[uently

performed in relation to gravitational astronomy and
terrestrial magnetism was not less remarkable. Several

of his most striking contributions to knowledge originated

in the discoveiy of errors or fallacies in the work of his

groat predecessors in astronomy. Thus in 1852 ho pub-

lished new and accurate tables of tho moon’s parallax,

which superseded Burckhardt’s, and supplied corrections

to the theories of Damoiseau, Plana, and Pontocoulant.

In the following year his memoir on the secular accelera-

tion of the moon’s mean motion disproved the validity of

Laplace’s famous explanation, which had held its place

unchallenged for sixty years. At first, Le Verrier, Plana,

and others abroad disputed the soundness of Adams’s
startling result; hut further inquiry estahlished beyond
question that he was right, and his memoir produced
notMng less than a revolution in this branch of theoretical

astronomy. The Royal Astronomical Society in 1866
awarded him its gold medal for these researches. The
great meteor shower of 1866 turned Ms attention to the

Leonids, whose probable path and period had already been
discussed by Professor H. A. Newton. Using a powerful

and elaborate analysis, Adams ascertained that tMs cluster

of meteors, wMch belongs to the solar system, traverses

a nearly circular orbit in 33J years, and is subject to

definite perturbations from the larger planets, Jupiter,

Saturn, and Uranus. These results were published in

1867. Ten years later, when Mr G- W. Hill of Washington
brought out a new and beautiful method for dealing with
the problem of tho lunar motions, Adams announced in a
brief notice his own work in the same field, which had
followed a parallel course. His results confirmed and
supplemented Hill’s. In 1874-76 he was president of tho

Royal Astronomical Society for the second time, when it

fell to him to present the gold medal of the year to Le
Verrier. The determination of the coiistants in Gauss’s

theory of terrestrial magnetism occupied him at intervals

for over forty years. The calculations involved great

labour, and were not published during his lifetime. They
were edited by Ms brother, Professor W. Grylls Adams,
and appear in the second volume of the collected Scientific

Papers, Numerical computation of tMs kind might almost
be described as Ms pastime. The value of the constant

known as Euler’s, and the BernouUian numbers up to the

62nd, he' worked out to an unimagined degree of accuracy.

For Newton and his writings he had a boundless admirar
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;
many of his papers, indeed, bear the cast of Newton’s

thought. He laboured for many years at the task of ar-
ranging and cataloguing the great collection of Newton’s
unpublished mathematical writings, presented in 1872 to
the University by Lord Portsmouth. The account of these,

issued in a volume by the University Press in 1888, is by
his hand. The post of Astronomer Eoyal was offered him
in 1881, but he preferred to pursue his peaceful course of
teaching and research in Cambridge. He was British

delegate to the International Prime Meridian Conference at

Washington in 1884, when he also attended the meetings
of the British Association at Montreal and of the American
Association at Philadelphia. Five years later his health
gave way, and after a long illness he died at the Cambridge
Observatory on 21st January lo92, and was buried in St
Giles’ cemetery, near his home. An international committee
was formed for the purpose of erecting a monument to

his memory in Westminster Abbey; and there, in May
1895, a portrait medallion, by Albert Bruce Joy, was
placed near the grave of Newton, and adjoining the
memorials of Darwin and of Joule, His bust, by the

same sculptor, stands opposite that of Herschel in the hall

of St John’s College, Cambridge, of which both were fellows.

Herkomer’s portrait is in Pembroke College; and Mogford’s,

painted in 1851, is in the combination room of St John’s.

Another bust, taken in his youth, belongs to the Eoyal
Astronomical Society. A memorial tablet, with an in-

scription by Archbishop Benson, is placed in the Cathedral

at Truro
;
and Mr Passmore Edwards erected a public in-

stitute in his honour at Launceston, near his birthplace.

Tfie Scientific Papers of John Couch AdomSy 4to, voL i. (1896),

and voL ii. (1900), edited by 'William Grylla Adams and Kalph
Allen Sampson, with a memoir by Dr J. W. L. Glaisher, and nis

Lectures on the Lunar Theory

^

edited by Professor Sampson, have
been published by the Cambridge University Press. m.*)

Acia.na.1 (l) a Turkish vildyet in the S.E. of Asia

Minor, which includes the ancient Cilicia. The mountain

districts are rich in mineral wealth, and the fertile coast-

plain is well watered by the rivers that descend from the

Taurus range. Imports and exports pass through Mersina.

Pop. 405,000 (Moslems, 158,000 ;
.Amsarieh, &c., 73,000

;

Christians, 174,000). (2) The chief town of the vildyet,

situated in the alluvial plain on the right bank of the

Sihiin, Sarus, which is navigable for small craft to its

mouth. It is connected with Tarsus and Mersina by a

railway built in 1887, and has good buildings, river-side :

quays, cotton-mills, and an American mission with church i

and schools. Adana, which retains its ancient name, rose

to importance as a station on the Eoman military road to

the e^st, and was at one time a rival of Tarsus. During

the Middle Ages it often changed hands and suffered many
vicissitudes. It is the seat of a British vice-consul. Popu-

lation, 31,000 (Moslems, 14,000 ;
Christians and Ansarieh,

17,000).

Addigrat. See Abyssictia.

Addis-abbaba. See ABTssiim.

Adelaide^ the capital of South Australia, 7 miles

from the mouth of the Torrens river, in Si** 57' S. lat. and

138° 38' E. long. Built on a broad plain running between

a range of mountains and the gulf of St Yincent, it is con-

nected by rail with the sea at several points besides Port

Adelaide—7J miles away, including Largs Bay, where

the great ocean liners anchor. It is also the terminus

of an extensive railway system, of which the main line

runs through Melbourne, Sydney, and Brisbane to Eock-

hampton. Of late years the population, and more especi-

ally that of the outlying suburbs, has rapidly increased.

The city generally contained in 1901 38,981 inhabitants ^
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the city and suburbs within a 10-mile radius, 162,094.
The principal suburbs are Burnside, 7763; Glenelg (like

Semaphore, a resort on the coast of the gulf), 3946
;

Hindmarsh, 9984; Kensington and Norw^^ood, 12,562;
Port Adelaide, 20,062; St Peter’s, 7605

;
Thebarton,

5297; and Unley, 1 8, 1 1 9. The streets are generally broad,

well kept, and well drained
;
horse tramcars run through

the principal thoroughfares ; and arrangements have
been made with a private company to light certain parts

of the city with electricity. A university was established

in 1874, and receives a (Government grant of £3200 pei

annum. It has also been magnificently endowed by Sir

Thomas Elder, a former citizen, who presented £30,000
for a medical school, £20,000 for arts and science

faculties, £20,000 for a chair of music, and £25,000 for

the general funds of the university. Other educational

institutions include a technical college with over 300
scholars, and a school of mines and industries with over

800. There are extensive Government buildings and law
courts, a fine museum and free library, an institute contain-

ing a library, an art gallery containing several splendid

specimens of modern art, a towm. hall, a stock exchange, two
Imndsome markets—one the property of the corporation,

a hospital, two theatres, an academy of music, city baths,

two lunatic asylums, and several charitable institutions.

The general post office also deserves special mention,

being one of the finest in Australasia. The large hall

of the exhibition building is largely used for the purpose of

entertainments. Among the monuments are one to (Colonel

Light, the founder of the colony, statues of Queen Victoria

and Eobert Burns, and copies of the Farnese Hercules and
Canova’s Venus. The city is surrounded by park lands,

and also contains botanic gardens and a fine collection of

zoological specimens. Near Glenelg stands Morpethville

racecourse. The thermometer in summer frequently stands

as high as 110° E. in the shade, hot winds blowing the

while from the interior, but during the rest of the year the

climate is mild and pleasant. During a period of about

thirty years the mean annual rainfall has been 20*4 inches.

The Adelaide city government is regarded as more progressive

than that of any other Australian capital. The municipal

council consists of a mayor and six aldermen, elected by the whole
body of ratepayers, and twelve councillors elected by six wards.

In no other Australian city is the mayor elected by the ratepayers

generally. The drainage is managed on a carefully -planned

system. For the water-supply there are three storage reservoirs,

with a capacity of about 3,550,000,000 gallons of water, and several

service reservoirs. The telephone system is owned hy the state.

South Adelaide is the principal business part of the city, which is

the central share-market in Australia for the West Australian gold-

fields, and also for the silver-mines of Broken Hill, and the copper-

mines of Wallaroo, Burra Burra, and Moonta in South Australia.

Viewed from the standpoint of trade Port Adelaide is the third

port of Australia. In 1900 the imports were valued at £4, 739, 483,
and the exports at £4,363,971. This suburb is also an import-

ant manufacturing centre. Altogether four daily newspapers are

issued in Adelaide. (j. b. F.)

AdelsberSf (Slovene, Postojna), a market town in

the Austrian duchy of Carniola, chief towm of the district

of the same name. Population of commune (1890), 3597,

of whom 140 were German and the remainder Slovenes

;

(1900), 3636. The total length of the passages in the cele-

brated stalactite cavern, about a mile from the town, is now
over miles. The connexion with the Ottokar Grotto

was established in 1890. The Magdalene Grotto, about an

hour’s walk to the north, is celebrated for the extraordina^

subterranean amphibian, the protms anguimiSy first dis-

covered there. It is about a foot in length, lives on snails

and worms, and is provided with both lungs and ^Us.

Adefly a seaport and territory in Arabia, politically

part of British India, under the governor of Bomtey. The

seaport is situated in 12® 45' N. lat. and 4:^*" 4' E. long.,
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on a peninsula near the entrance to the Hod Sea^. It y?'iis

first occupied hy the British in January 1839. I? roni time

to time additional land on the mainland has been ac(][uiie(l

by cession or purchase, and the adjoining island of Periin,

lying in the actual mouth of the strait, was permanently

occupied in 1857. Further inland, and along the coast,

most of the Arab chiefs are under the political control of

the British Government, which pays them regular allow-

ances, The area of the peninsula is only 15 square miles,

but the total area of British territory is returned at

80 square miles, including Perim (5 s(iuare miles). In

1891 the population was 44,079, of whom no less than

30,914 were males. In 1901 the population was 41,222,

showing a decrease of 6 per cent* The average den-

sity is 515 persons per square mile. The gross revenue

in 1897-98 was Hs.38,07,539, and the municipal income

Rs.1,93,922. There are 42 schools, with 1949 pupils,

being 5*6 per cent, of the population. There are three

printing presses, of which one is in the jail, and the

other two belong to a European and a Parsi firm of

merchants. In 1900 Aden suffered from an epidemic

outbreak of plague.

Aden is strongly fortified, with a permanont gprison of one

British and one native regiment, two batteries ot artilleiy, and ouo

company of engineers. The administration is conducte<l by a

political resident, who is also the military commandant. All food

requires to be impoxted, and the water-supply is largely derived

from condensation. A little water is obtained from wells, and

some from an aqueduct 7 miles long, constructed in 1867 at a cost

of £30, 000, besides an irregular supply from the old reservoirs. The
importance of Aden as a port of call for steamers and a coaling

station has grown immensely since the opening of the Suez Canal.

It also conducts a considerable trade with the interior of Arabia,

and with the Somali coast of Africa on the opposite side of

the Bed Sea. The submarine cables of the Eastern Telegraph

Company hero diverge—on the one hand to India, the Ear East,

and Australia, and on the other hand to Zanzibar and^ the Cape.

The number of steamers visiting the port rose from 535 in 1871-72

to 1214 in 1881-82. In 1897-98 the total number of merchant

vessels that entered and cleared was 2496, of which 1080 with a

tonnage of 2,124,043 were steamers. The number that called to

discharge or take cargo was 816. In addition, 129 British and

foreign meix-of-war and troopships called at the port. In 1897-98,

the total volume of trade amounted, in tens of rupees, to 8,188,393,

which is classified into foreign, Indian, and inland. Of the

foreign, the imports amounted to Rx. 2,851,193, and the exports

to Rx. 3,345,028. Of the Indian, the imports were Rx. 1,250,054,

and the exports Rx. 258,800. Of the inland, the imports were

Rx. 837,640, and the exports Rx. 145,678. The principal articles

of import are coffee, eotton-piece goods, &c,, grain, hides, coal,

opium, cotton-twist and yarn. The exports are, in the main, a

repetition of the imports. Of the total imports, nearly one-third

come from the east coast of Africa, and another third from Arabia.

' Of the total exports, nearly one-third again go to the east coast

of Afiica. In lM)7-98 the shaic of the United Kingdom was only

13 jier cent, of the total imports, and 6 per cexit. <if the total

exports. In that ytsir the receipts of the port tiiist amounted to

Rs.2, 4^,975, and the expenditure to Rs.2,70,511 The number of

vessel's that called at Pouiii was 556, of which 396 weie British.

(J. s. Co)

Adorn^y a town of Italy, Sicily, prov. ('‘atinia,

situjitcd at the S.W. foot of Mount Etna, 22 miles N.W.
from Catania by the (iircum-Ktna railw<iy. It Ii<is a stpiaro

^NTurmaii tower (now <'nnv(‘rted into a prison) ami a monas-

tery (1157), both built by the Norman count liogcr of

Sicily ;
sonic slight remains survivt^ of the ancic^nt

Sikelian c-ity of Jlttilranum^ and of its famous temph* to

Iladninus. Adorno is famous for its oranges, ami has

flour-mills. Population (1H71), 14,613; (1H81), 19,180;

(1901), 25,873.

Adiquala* Rcc ErnTuiu.

AdirondackSy a group of mountains in north-

eastern New York, T.R.A., a portion of tlu* Api>aLudiian

sy.stem of eastern North Anu*rica, occupyitig the cast c*ni part

of the region In^twecn Lake Champlain and Lake Ontario,

iKirth of the Mohawk \''alley. They do not form a <*on-

nected range, but consist of many summits, isoLxlcd or in

groups, arranged with little apiHWinct‘ of system. The
highest peak, Mount Marcy, altitud(5 5344 feet, is near the

eastern i>art of the group, and about it are many summits

exceeding 4000 in height. These nmunUuxis, <*onsi.sting

mainly of somewhat homogeneous granite rricks, art* the

result of long- cent limed erosion, carried on in a gn^atly

• elevated region, by which the softt*r areas havc^ suffered the

most and the harder the least, hx recent gt‘ologic; timt*.s

this area, with the exception of the higher smmuits, was

covered by the Limrentian glacier, whose erositm, while

perhaps having little effect on the larger featurtss of the

country, Ixas greatly modified it in dettiils, produ<*ing xnany

lakes and ponds, together with rapids and falls in the

btreaixxs. The region is heavily forested with spring*, pine,

and broad-leaved trees, forming the only continuous fon\st

area remaining in the sbite. In order to preserve the.se

forests from destruction the state withholds its lands from
sale, and as opportunity offers, increiises its holdings by pur-

chase. In 1900 the area of state lands comprised 1,250,000

acres. TheAdirondack region, with its mountains, lakes,and
forests, presents much l>eautiful,and even grand, scenery, axid

is greatly frequented in summer as a resort and sanatorium*

Adi-Ufirri. See Eeitrea.

ADMIEALTY ADMIFISTEATION.
British Empire,

I. rpHE Administrative System,—^That the navy is the

I only real defence of the British islands has been

recognized by English people ever since the days of King
Offa, who died in 796, leaving to his successors the admir-

able lesson that “he who would be secure on land must be
supreme at sea.” The truth of the lessou thus learnt is

sanctioned by all the experience of English history, and
Parliament has repeatedly enforced the fact. The navy is

the only force that can safeguard the British islands from
hostile descents; it is the only force that can protect

their vast sea-borne commerce and food supplies; by
giving safety to the home country it sets British troops

free for operations abroad, and makes their passage secure
;

and thus, as also by giving command of the sea, the fleet

is the means by which the empire is guarded and has
become a true imperial bond.

British naval administration is conducted by the Board

of Admiralty, and the function of that board is the main-
tenance and expansion of the fleet in accordance

with the policy of the Government, and the

supplying of it with trained officers and men
; Admirmity.

its distribution throughout the world ; and its

preservation in readiness and efficiency in all material and
personal respects. The character of the Admiralty Board
is peculiar to the British constitution, and it possessc*s

certain features which distinguish it from other depart-

ments of the State. The business it conducts is very

great and complex, and the machinery by which its work
is done has grown with the expansion of that business*

The whole system of naval administration has been

developed historically, and is not the product of the

organizing skill of one or a few individuals, but an organic

growth possessing marked and special characteristics. The
Admiralty Board derives its character from the fact that

it represents the Lord High Admiral, and that its powers
and operation depend much more upon usage than upon
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tl^ose instruments which, actually give it authority, and
which, it may be remarked, are not in harmony among
themselves. The executive operations are conducted by a
series of civil departments which have undergone many
changes before reaching their present constitution and
relation to the Board. The salient characteristic of the
Admiralty is a certain flexibility and elasticity with which
it works. Its members are not, in a rigid sense, heads of
departments. Subject to the necessary and constitutional

supremacy of the Cabinet Minister at their head, they are
jointly and co-equally “commissioners for executing the
office of High Admiral of the United Kingdom, and of the
territories thereunto belonging, and of High Admiral of
the colonies and other dominions.” The members of the
Board are in direct and constant communication with the
First Lord and with one another, as also with the civil

departments which work under their control. It was
enjoined by James I. that the principal officers and com-
missioners of the navy should be in constant communica-
tion among themselves, consulting and advising “by
common council and argument of most voices,” and should
live as near together as could conveniently be, and should
meet at the navy office at least twice a week. This system
of intercommunication still exists in a manner which no
system of minutes could give

;
and it may be remarked, as

illustrative of the flexibility of the system, that a Board
may be formed on any emergency by two Lords and a
secretary, and a decision arrived at then and there. Such
an emergency Board was actually constituted some years

ago on board the Admiralty yacht in order to deal on the

instant with an event which had just occurred in the fleet.

At the same time it must be remarked that, in practice,

the First Lord being personally responsible under the

Orders in Council, the operations of the Board are

dependent upon his direction.

The present system of administering the navy dates from
the time of Henry VIII. The naval business of the

country had so greatly expanded in his reign
^ that we find the Admiralty and iTavy Board re-

organized or established
;
and it is worthy of remark that

there existed at the time an Ordnance branch, the navy
not yet being dependent in that matter upon the War De-
partment. ^ The Navy Board administered the civil depart-

ments under the Admiralty, the directive and executive

duties of the Lord High Admiral remaining with the

Admiralty office. A little later the civil administration

was vested in a Board of principal officers subordinate to

the Lord High Admiral, and we can heuceforth trace the

work of civil administration being conducted under the

navy and victualling boards apart from, but yet subject

to, the Admiralty itself. This was a system which con-

tinued during the time of all the great wars, and was not

abolished until 1832, when Sir James Graham, by his

reforms, put an end to what appeared a divided control.

Whatever may have been the demerits of that system, it

sufficed to maintain the navy in the time of its greatest

achievements, and through all the wars which were

waged with the Spaniards, the Dutch, and the French.

The original authority for the present constitution of the

Admiralty Board is found in a declaratory Act of the

2 William and Mary, c. 2, in which it is enacted that “all

and singular authorities, jurisdictions, and powers which,

by Act of Parliament or otherwise, had been lawfully

vested ” in the Lord High Admiral of England had always

^ The Board of Ordnance was originally instituted for the navy, but
eventually fell into military hands, to the detriment of the navy—^the

only navy of any nation that has not full authority over its own
ordnance. In 1653, according to Oppenheim, it was, owing to its

inefficiency, placed under the Admiralty, In 1632 it appears to hate

been independent, but “still retained that evil pre-eminence in sloth

ail I incapacity it had already earned and has never since lost.”
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appertained, and did and should appertain to the com-
missioners for executing the office for the time being “ to

all intents and purposes as if the said commissioners were
Lord High Admiral of England.” The Admiralty comniiss-

sion was dissolved in 1701, and reconstituted on the death
of Prince George of Denmark, Lord High Admiral in 1709.

From that time forward, save for a short period in

1827-28, when the Duke of Clarence was Lord High
Admiral, the office has remained in commission.

It is unnecessary to describe in detail the many changes
which have passed over the system of naval administration

up to the present time. When Lord St Yincent accepted

office under the Addington ministry in 1801, it fell to

him to deal with a vast system of waste, extravagance,

and malversation of public funds. The work of reform

was too vast even for this strong administrator to accom-
plish, and the great seaman became the object of a torrent

of virulent abuse embodied in an extraordinary pamphlet
literature. Wheu the Addington ministry fell he left

office, but the work he had done bore good fruit later.

The investigations which were conducted at that time

were essentially the basis of the reorganization effected by
Sir James Graham under the administration of Earl Grey.

That reorganization involved the abolition of the Board of

principal officers and commissioners of the navy, and the

commissioners for victualling, the whole business of naval

administration being concentrated under the immediate
direction of the Board of Admiralty. The “ Act to amend
the laws relating to the business of the civil departments

of the navy, and to make other regulations for more
effectually carrying on the duties of the said departments’'

(2 William lY. c. 40), vested in the Admiralty Board all

the powers of the commissioners of the civil departments,

and provided for the creation of five separate and in-

dependent responsible superintendents of departments

under the Admiralty collectively, and the several Lords
individually. These new officers were the surveyor of the

navy, the accountant-general, the storekeeper-general, the

controller of victualling and transports, and the physician

of the navy, whose title in 1843 became director-general

of the medical department of the navy. A number of

changes have since been made, but the general principle

remains the same, and the constitution of the Admiralty

Board and civil departments is described below. The
Board consisted of the First Lord and four Naval Lords
with a Civil Lord, who were accustomed to meet sometimes

daily, but at all times frequently ; and the system developed

provided for the sub-division of labour, and yet for the

co-ordinated exertion of effort.

A fresh system, at variance with Admiralty tradition and
practice, was introduced by Mr Childers in 1869. But
those changes have now almost entirely been reversed. The
system of intercommunication in the Board was paralysed

by an attempt to lay down definite rules of practice and
to define what was essentially indefinable. When Mr
Goschen succeeded Mr Childers he found it necessary to

modify the system
;
and since that time it may be said that

the Admiralty Board has resumed, broadly, the character

which it had after the reorganization of Sir James Graham.
The merits of that system, as conducing to elasticity and
flexibility of working, have been pointed out

;
and, what-

ever its disadvantages, it is not to he denied that the system

has worked well in practice, and has certainly won the

approval and the admiration of many statesmen.^ Lord
George Hamilton said, before the Royal Commission on
civil establishments, 1887, that “It has this advantage,

® The Duke of Somerset, Lord Halifax, Sir J. Giaham, Sir F. Baring,

and others stated that “the administrative system contrasted most

favourably with any department they had been connected with,” as

did the more recent commission under Lord Hariangtou’s presidency.

aL—
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that you have all departments represented round a table,

and that if it is necessary to take quick action, you can

do in a few minutes that which it would take hours under

another system to do ”
;
and the report of the Royal Com-

mission of 1889 remarked that “The constitution of the

Board of Admiralty appears to us well designed, and to be

placed under present regulations on a satisfactory footing.

The special characteristics of the Admiralty Boaid

which have been described are accompanied by a very

peculiar and noteworthy feature, which is not
Powers,

relation to the untrammelled and un-

defined operations of the Admiralty. This feature arises

from the discrepancy between the Admiralty patent and.

the Orders in Council, for the Admiralty is not adminis-

tered according to the terms of the patent which invests

it with authority, and its operations raise a singular point

in constitutional law.

The legal origin of the powers exercised by the First

Lord and the Board itself is indeed curiously obscure.

Under the patent the full power and authority are con-

ferred upon “any two or moio^^ of the commissioners,

though, iu the patent of Queen Anne, the grant was to

“any three or more of you.” It was under the Act 2

Will. lY. c. 40 that two Lords received the necessary

authority to legalize any action of the Board
i
but already,

under an Act of 3 George IV,, two Lords had been

empowered to sign so long as the Board consisted of six

members. We therefore find that the legal authority of

the Board under the patent is vested in the Board
;
but

in the Order in Council of 14th January 1869 the sole

responsibility of the First Lord was officially laid down,

and in the Order in Council of 19th March 1872 the

First Lord was made “responsible to your Majesty and to

Parliament for aU the business of the Admiralty.” As a

matter of fact, the authority of the First Lord, independent

of his colleagues, had existed in an undefined maimer from

ancient times. Before a select committee of the House
of Commons in 1861 the Duke of Somerset stated that

he considered the First Lord responsible, that he had
always “acted under that impression,” and that he

believed “all former First Lords were of this opinion ”

;

while Sir James Graham said that “the Board of

Admiralty could never work, whatever the patent might
be, unless the First Lord were supreme, and did exercise

constantly supreme and controlling authority.” It is not,

therefore, surprising to fmd that there has been undoubt-
edly direct government without a Board. Thus, in the

operations conducted against the French channel ports in

1803-4, Lord Melville, then First Lord, took steps of

great importance without the knowledge of his colleagues,

though he afterwards bowed to their views, which did not
coincide with his own. Again, when Lord Gambler was
sent to Copenhagen in 1807, he was instructed to obey all

orders from the King, through the principal Secretary of

State for war, and in this way received orders to attack

Copenhagen, which were unknown to all but the First

Lord. In a similar way the secretary of the Admiralty
was despatched to Paris in 1815 witk instructions to issue

orders as if from the Board of Admiralty when directed
to do so by the foreign secretary who accompanied bim^
and these orders resulted in Napoleon’s capture. These
instances were cited, except the &st of them, by Sir James
Graham before the select committee ol the House of
Commons in 1861, in order to illustrate the elastic powers
under the patent which enabled the First Lord to take
immediate action in matters that concerned the public
safety. It is not surprising that this peculiar feature of
Admiralty administration should have attracted adverse
mticism, and have led some minds to regard the Board
as “a fiction not wortk keeping up”

—

a, view expressed

by Mr Baxter, parliamentary scciotary in 1871. There

have been instances of the power of the Fust Loid being

misused, and in relation to the loss of the Cccptaiti in

1870, it seemed a legitimate conclusion to diaw from the

evidence before the House of Lords committee that Mr
Childers, being himself nominally lespon&ible for sending

this vessel to sea, constituted himself a judge of the case, and,

exempting himself from blame, distiibuted censure among

a number of persons, while ho placed the chief weight on

the Conti oiler, who had been by a former board specially

released from this responsibility.^ The truth is that tlieio

existed antecedently to the Admiralty patents, and now
concurrently exists with them, an undefined power based

upon usage enabling the First Lord to act independently

of his colleagues. This is a feature of administration that

evidently springs from necessity and political ex})Bdiency.

The case of the Captain had a beneficial efibet upon

Admiralty administration. It caused the Board to be

reinstated in its former position, and gave once more to

the system those advantages of intercoinmurLication and

consultation which have been allude<l to. It cannot be

said, however, that the question of ultimate responsibility

is well defined. The Duke of Somerset, Sir James

Graham, and Sir Charles Wood, afterwards Lord Ilalitax,

held the view that the First Lord was singly and personally

responsible for the sufficiency of the fleet. Sir Arthur

Hood expressed before the House of Commons commit-

tee in 1888 the view that the Boaid collectively weie

responsible
;
whilst Six* Anthony Hoskins assigned the re-

sponsibility to the First Lord alone with certain qualifica-

tions, which is a just and reasonable view,

n. Admiralty Organization.—Under the orgauizixtion

which now exists, the Board of Admiralty consists ot the

First Lord, the first and second Naval Lords, the Additional

Naval Lord and Controller, the junior Naval Lord, and the

Civil Lord, who are commissioners for executing the offi(*o

of Lord High Admiral, and with them are the parliamentary

and financial secretary and the permanent secretary. As
has been explained, the First Lord is responsible under the

Orders in Council to the Crown and to l^arliamcnt for all

Admiralty business. In the hands of the other Lords and
secretaries rest duties very carefully defined, and they

direct the civil departments which are the machineiy of

naval administration. The first Naval Lord, the secoiul

NavalLord, and the juniorNaval Lord are responsible to tlio

First Lord in relation to so much of the business concerning

the personnel of the navy and the movements and condition

of the fleet as is confided to them, and the Additional Naval
Lord or Controller is responsible iu the same way for the

material of the navy
;
while the parliamentary secretary

has charge of finance and some other business, and the Civil

Lord of all shore works

—

Le,, docks, buildings, &c,—^and

the permanent secretary of special duties. The First Loid
of the Admiralty is the cabinet minister through whom
the navy receives its political direction in accordance with
imperial policy. He is the representative of the navy in

Parliament, which looks to him for everything concerned
with naval affiiirs. The members of the Board are his

advisers
j
but if their advice is not accepted^ they have no

remedy except protest or resignation. It cannot be denied
that the responsibility of the members of the Board, if

their advice should be disregarded, must cease, and it is

sufficiently obvious that the remedy of resignation will
not always commend itself to those whose position and
advancement depend upon the favour of the Government,

^ Tbe late Admiral Sir Oooper Key, when director of naval ord-
nance during Mr Childers's administration, observed to the writer that
no Hrst Lord of the Admiralty knew so little of the working of the
Admiralty as Mr Childers, because, owing to the discontinuance ofBoard
meetings, he lost the great advantage ot hearing the discussion. (e.v.h.)
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Sometliing will be said a little later concerning the work-
ing of the system and tbe relation of the First Lord to the
Board in regard to the navy estimates. In addition to

general direction and supervision, the First Lord has special

charge of promotions and removals from the service, and
of matters relating to honours and rewards, as well as the
appointments of flag officers, captains, and other officers of

the higher ranks. With him rests also the nomination to

naval cadetships for the major part and assistant clerkships.

Apart fiom theFirstLord, the firstNaval Lord is the most
important officer of the Board of Admiralty. It seems to

be unquestionable that Sir Janies Graham was right in

describing the senior Naval Lord as his “ first naval ad-
viser. ' Theoretically, the first Naval Lord is responsible for

the personnel of the fleet
;
but in practice he is necessarily

concerned with the material also as soon as it is put into

commission, and with the actual commissioning of it. It

is correct to say that he is chiefly concerned with the

employment of the fleet, though his advice has weight in

regard to its character and sufficiency, and is always
sought in relation to the shipbuilding programme.
Broadly speaking, the first NavalLord’s duties and authority

cover the fighting efficiency and employment of the fleet,

and upon him and upon the Controller the naval busi-

ness of the country largely falls. He directs the opera-

tions of the admiral superintendent of naval reserves in

regard to ships, the hydrographer, the director of naval

ordnance, so far as the gunnery and torpedo training

establishments are concerned, and the naval intelligence

department, and he has charge of all matters relating to

-discipline. The mobilization of the fleet, both in regard

to personnel and material, also falls to him, and among a
mass of other business in his department are necessary

preparations for the protection of trade and the fisheries.

It will thus be seen that the first Naval Lord is the chief

officer of the Board of Admiralty, and that the operations

of the other members of the Board aU have relation to his

work, which is no other than preparation for war. It

may here be remarked that it appears most necessary to

change the Naval Lords frequently, so that there may
always be in the Board some one who possesses recent

touch with the service afloat.

The second Naval Lord may be regarded as the coadjutor

of the* first Naval Lord, with whose operations his duties

are very closely related, though, like every other member of

the Board, he is subordinate only to the First Lord. The
duties of the second Naval Lord are wholly concerned with

the personnel of the fleet, the manning of the navy, and
mobilization. In his hands rests the direction of naval

education, training, and the affairs of the royal marine

forces. The training establishments and colleges are in

his hands. He appoints navigating officers and lieutenants

to ships (unless they be to command), sub - lieutenants,

midshipmen, and cadets, engineer officers, gunners, and
boatswains, and supervises the management of the reserve*

In his province is the mobihzation of the personnel,

including the coastguard and the royal naval reserve.

Necessarily, the first and secondNaval Lords work together,

and upon occasion can replace each other. It was explained

to the House of Lords committee in 1871—and the con-

dition stiU prevails—that the two senior Naval Lords—at

that time Admiral Sir Frederick Grey and Vice-Admiral

Eden—^were in constant communication in relation to the

complements of ships and the manning of the fleet, and
that each knew intimately the other’s work,and when neces-

sary could take charge of it with perfect confidence.^

Most important are the duties that fall to the Additional

^ The drawback is, that a Naval Lord can only go on leave by
ithrowing all his work on a colleague already overweighted with work.
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Naval Lord and Controller. Ho has charge of everything
that concerns the mateiial of the fleet, and his opeiations

are the complement of the work of the fiist Naval Lord.
A great number of civil departments aie directed by the

Controller, and his suivey and supervision extend to the

dockyards and building establishments of the fleet. He
submits plans to the board for new ships, and is respons-

ible for carrying into effect its decisions in regard to all

matters of construction and equipment. The building

operations both in the dockyards and in piivate yaids
ai*e therefore under his supervision. In regard to all

these matters, the director of naval construction and the

engineer-in- chief are the heads of the civil departments
that carry on the work. Again, the controller is respons-

ible in regard to armament—^both gunnery and torpedo

—

and it is the work of his depaitment to see to all gunnery
and toipedo fittings, and to magazines, shell-rooms, and
electric apparatus. The officer in immediate chaige of

this branch of the Controller’s work, under his direction, is

the director of naval ordnance. In regaid to work at the

dockyards (q^v.) the Controller is aided by the diiector of

dockyards. He supervises this officer m preparing the

programme of work done in the dockyaids, the provision

of the material required, and its appropriation to parti-

cular work in accordance with the programme. Other
officers who conduct great operations under the authority

and responsibility of the Controller are the director of

stores, who maintains all necessary supplies of coal and
stores at home and abroad, and examines the store

accounts of ships, and the inspector of dockyard expense
accounts, who has charge of the accounts of dockyard
expenditure and seeing that outlay is charged as directed.

In regard to the navy estimates, the Conti oiler, through
his subordinates, is responsible for the preparation and
administration of votes 8 and 9 (those for shix>building

and naval armaments), except in regard to some sub-

headings of the former, and thus in the year 1900-1 for

the expenditure of something like £15,000,000.

The juniorNavalLord has in his hands the very important
duties that are concerned with the transport, medical, and
victualling services, as well as the regulation of hospitals,

the charge of coaling arrangements for the fleet, and other

duties that conduce to the practical efficiency of the navy.

He also appoints chaplains, naval instructors, medical

officers (except in special cases), and officers of the account-

ant branch. A vast business in regard to the internal

economy of ships greatly occupies the junioi Lord, He
has charge, for example, of unifoims, prize-money,

bounties, naval savings banks, and pensions to seamen
and marines, and the widows of naval and marine officers.

Thework of thejunior Naval Lord iilaces under his direction

the director of transports, the director-general of the IMedical

Department, the director of victualling, and, in regard to par-

ticular matters, the director of stores, the accountant-general,

the chaplain of the fleet, and the Intelligence Department,

so far as the junior Lord’s department is concerned.
* The Civil Lord supervises, through the director of works,

the Works Department, dealing with Admiralty buildings

and works, construction aud labour, contracts, and pur-

chases of building stores and land. He is also respons-

ible for the civil staff of the naval establishments, except

in regard to certain officials, and lor duties connected

with Greenwich Hospital, compassionate allowances, charit-

able funds, and business of like character. The accountant-

general, in regard to these matters, is directed by him, and

the director of Greenwich Hospital is under his authority.

The parliamentary and financial secretary is responsible

for the finance of the department, the navy estimates, and

matters of expenditure generally, and is consulted in

regard to all matters involving reference to the Treasury.
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His position in regard to estimates and expenditure is very

important, and the accountant-general is his officer, while

lie has financial control over the director of contracts.

The financial secretary also examines proposals for new

expenditure.

A most important official of the Board is the permanent

secretary, whose office has been described as the “ nerve-

centre ” of the Admiralty, since it is the channel through

which papers for the Lords of the Admiralty pass for the

inter -communication of departments and for the corre-

spondence of the Board. The tradition of Admiralty

procedure largely rests with the permanent secretary, and

it is most important that he should be chosen from one of

the branches, and should have served in as many of them
as possible, in order that he may possess a thorough

knowledge of the theory and practice of the Admiralty

system. In addition to the secretarial duties of the

permanent secretary’s department, the permanent secre-

tary has charge of the military, naval, and legal branches,

each under a principal clerk, the civil branch, and the

record office. The various branches deal with matters

concerning the commissioning of ships and the distribu-

tion of the fieet, and the manning and discipline of the

navy, with other associated matters, being the channels

for 'the operations of the Naval Lords. It is a highly

important function of the department of the permanent
secretary to preserve the inter-related working of the

various departments, and to keep unbroken the thread of

administration when a new Board is constituted.

The following is a list of the First Lords and first Naval Lords
since 1832 :

—

First Lords.

Sir James E. G-. Graham, Bart.,

November 1880.

Lord Auckland, June 1834.

Earl de Grey, December 1834.

Lord Auckland, April 1835.
The Earl of Minto, G.C.B.,

September 1835.

The Earl of Haddington, Sep-
tember 1841.

The Eirl ofEllenborongh, Janu-
ary 1846.

The Earl of Auckland, July
1846.

Sir Francis Thornhill Baring,
Bart, January 1849.

The Duke of Northumberland,
K.G,, February 1852.

Sir James E G. Graham, Bart.,
January 1853,

Sir Charles Wood, March 1855.

Sir John Pakington, Bart,,
March 1858.

The Duke of Somerset, June
1859.

Sir John S. Pakington, Bart.,
G.C.B,, July 1866.

Et Hon. Henry Thomas Lowiy
Corry, March 1867.

Et. Hon. Hugh Culling Eardley
Childers, December 1868.

Senior Naval Lords.

Bear - Adm. Sir Thomas M.
Hardy.

(1) Eear-Adm. Sir Thomas M.
H irdy.

(2) Rear-Adm. the Hon. George
H. L. Dimdas.

(3) Bear - Adm. Sir Chailes
Adam,

Vice-Adm. Sir John P. Beresford,
K.C.B.

Eear-Adm. Sir Charles Adam.
Eear-Adm, Sir Charles Adam.

Adm. Sir George Cockburn,
G.C. B.

Adm, Sir George Cockburn,
G.C.B.

(1) Vice - Adm. Sir Charles
Adam, K.C.B.

(2) Eear-Adm. James W. D.
Dundas, C.B.

(1) Eear-Adm. James W. D.
Dundas, C.B.

(2) Eear-Adm. the Hon. M.
Fitzhardinge Berkeley, C.B.

Eear-Adm. Hyde Parker, C.B.

(1) Vice -Adm. Hyde Parker,
C. B.

(2) Eear-Adm. the Hon. M.
Fitzhaidinge Berkeley, C.B.

(1) Eear - Adm. the Hon. M
Fitzhardinge Berkeley, C.B.

(2) Eear-Adm. the Hon. Sir
Richard S. Dundas, K.C.B.

Vice-Adm. William Fanshawe
Martin.

(1) Vice-Adm. the Hon. Sir
Richard S. Dundas, K.C.B.

(2) Eear-Adm. the Hon. Sir
Frederick W. Grey, K.O.B.

Vice-Adm. Sir Alexander Milne,
K.C.B.

’

Vice-Adm, Sir Alexander Milne,
K.G.B.

^l^“Adm. Sir Sydney C. Daeres,
K«0«B.

First Lords.

Rt. Hon. George J. Goschen,
March 1871.

Et. Hon. George Ward Hunt,
March 1874.

Et. Hon William Henry Smith,
August 1877.

The Eail of Noithbrook, May
1880.

Lord George Hamilton, July
1885.

The Maiquis of Bipon, K.G.,
February 1886.

Lord George Hamilton, August
1886.

Earl Spencer, K.G,, August
1892.

Rt. Hon. George J. Goschen,
July 1895.

The Earl of Selbome, November
1900.

Senior Naval Lords.

(1) Vice -Adm. Sir Sydney C-

Dacies, K.C.B.

(2) Adm. Sii Alexander Milne,
G C.B,

(1) Adm Sir Alexander ^hlne,
G.C B.

(2) Adm. Sii Hastings E. Yel-
veiton, G.C.B.

(1) Adm. Gooige G. Wellesley,.

C.B
(2) Adm. Sir Astley Cooper

Key, K.C B.

Adm. Su Astley Cooper Ivey,

K.C.B.
Vice-Adm Aithur W. Acland

Hood, C.B
Adm. Loid John Ilay, K C.B.

(1) Adm 8ii Aithui W. Acland
Hood, K.C B

(2) Adm Sir R. Vesey Hamil-
ton, ILC.B.

(3) Adm. Sii Anthony 1 1. Hos-
kins, K.C.B.

(1) Adm. Sir Anthony H. Hos-
kins, K.C.B

(2) Adm. Sir Ficdeiick W.
Richards, K C.B.

(1) Adm. Sir Fiederhk W.
Ri( hards, K.C B.

(2) Vice-Adm Loid Walter
Keip, K.C.B

Adm. Lord Walter Ken, K.C.B.

' III. Business and Responsifdlity.— The manner in
which the Admiralty Board conducts the great operations
under its charge Las been indicated. It would be impos-
sible here to describe it in detail, though something con-
cerning the civil departments, which are the niachineiy
of naval administration, will be found below. It will,

however, indicate the character of Admiralty admini.strar
tion if we explain to some extent the conditions which
surround the preparation of the estimates and the
shipbuilding programme, the more so because this matter
has been the battle-ground of critics and supporters of
the Admiralty. It has already been pointed out that the
Naval Lords, if they dissent from the estimates that are
presented, have no remedy but that of protest or resigna-
tion. Into the controversies that have ari.sen as to the
responsibility of the several Lords it is unnecessary to
enter here. The Admiralty Board possesses, in fact, the
character of a council, and its members can only be held
responsible for their advice. It has even been contended
that, in the circumstances, it should not be incumlxjiit
upon them to sign the navy estimates, and there have
been instances in which the estimates have been pre-
sented to Parliament without the signature of certain
Naval Lords. It is in any case obvious, as has been ex-
plained above, that the ultimate responsibility must
always rest with the First Lord and the Cabinet, by whom
the policy of the country is shaped and directed. In the
report of the Hartington Commission to inquire into the
civil and professional administration of the Naval and
Military Departments, and the relation of these depart-
ments to each other and to the Treasury, the following
reconmendation occurs :

‘‘ On the First Lord alone should
rest the responsibility of deciding on the provision to be
made for the naval requirements of the empire, and the
ensteiice of a council should be held in no dexnree to
dimmish that responsibility.”

tx.
conditions primarily rule the determination as io<

^^gth of Ae navy. They are, the foreign policy of
toe Cabinet, and, on the ground of practical expediency,
toe amount of money available. “The estimates and
strength of the navy,” said Eear-Admiral Hotham heforo'
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tlie select committee on the navy estimates, 1888, ‘‘are

matters for the Cabinet to determine.” “ Expense,” said
Sir Anthony Hoskins, “governs everything.” The needs
of the empire and financial considerations, as it is scarcely
necessary to remark, may prove to be antithetical condi-
tions governing the same problem, and in practice it

follows that the Admiralty Board directs its operations in
.accordance with the views of the Government, but limited
by the public funds which are known to be available.

.Such considerations suggest a practical limitation of re-

sponsibility, so far as the several Lords of the Admiralty
are concerned, but it may be presumed to be their duty
individually or collectively to place their views before the
First Lord; and Lord George Hamilton told the select

committee of 1888 that, if his colleagues should represent

to him that a certain expenditure was indispensable for

the efficiency of the service, he would recognize that aU
financial considerations should be put on one side. The
commissioners reported that this was the only common-
sense view of the matter, and that it was difficult to see on
what other footing the control of navy expenditure, con-

.sistently with responsibility to Parliament, could be placed.

Two practical considerations are bound up with the

shipbuilding programme—the carrying forward of the

work in hand and the new construction to be begun, since

it is absolutely necessary that proper provision should be
made for the employment and distribution of labour in

^
the dockyards, and for the purchase of necessary materials.

Through the director of naval construction and the

director of dockyards, the Controller is kept informed as

to the progress of work and the amount of labour

required, as also in regard to the building facilities of the

yards. These matters, in a general way, must form a
subject of discussion between the first Naval Lord and the

Controller, who will report on the subject to the First Lord.

The accountant-general, as the financial officer of the

Board, will be called upon to place the proposed estimates

upon a financial basis, and when the views of the Cabinet

-are known as to the amount of money available, the

several departments charged with the duty of preparing

the various votes will proceed with that work. The
financial basis alluded to is, of course, found in the

estimates of the previous year, modified by the new
conditions that arise. There has been in past times a

haphazard character in our shipbuilding programmes, but

with the introduction of the Naval Defence Act of 1889,

which looked ahead and was not content with hand-to-

mouth provision, a better state of things has grown up,

and, with a larger sense of responsibility, a policy char-

acterized by something of continuity has been developed.

Certainly the largest factor in the better state of things

has been the growth of a strong body of public opinion as

to the supreme value of the navy for national and imperial

welfare. No Government could have carried forward the

.great work which has been accomplished for the British

navy within the last ten years without the impulsion and
the support of public opinion.

AnotW important and related matter that comes
before the Board of Admiralty is the character and design

oi ships. The naval members of the Board indicate the

classes and qualities desired, and it is the practice that the

.sketch-design, presented in accordance with the instructions,

is fully discussed by the first Naval Lord and the Controller

and afterwards by the Board. The design then takes

further shape, and when it has received the final sanction

of the Board it cannot be altered without the sanction of

^the same authority. A similar procedure is found in the

other business of the Admiralty Board, such as shore-

works, docks, and the preparation of offensive and de-

fensive plans of warfare—^the last being a very important
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matter that falls into the operations of the Naval Intelli-

gence Department, -which has been described, though not
with perfect accuracy, and certainly in no large sense, as
“ the brain of the navy.” That department is under the

direction of the first Naval Lord.

The shipbuilding programme may be described as the

corner-stone of the executive business of the Admiral!}

,

because upon it depends very largely the preparation of

all the other votes relating to numbers, stores, victualling,

clothing, ifec. But if the Admiralty Board is responsible

through the First Lord for the preparation of the estimates,

it is also charged with the business of supervising ex-

penditure. In this matter the financial secretary plays a

large part, and is directed to assist the spending depart-

ment of the Admiralty in their duty of watching the pro-

gress of their liabilities and disbursements. Some notes

on Admiralty finance will be found below (parts iv., vii.).

The shipbuilding votes set the larger machinery of the

Admiralty in motion. The executive departments, except

in regard to the hulls and machinery of ships and the

special requirements of the director of works, do not make
purchases of stores, that work resting with the director of

navy contracts. Most of the important executive and
spending branches are in the department of the Controller,

and it will be well, while we are dealing with the material

side of the navy, to describe briefly their character and
duties. The civil branches of the navy tributary to

the Controller are those of the director of naval construc-

tion, the engineer-in-chief, the directors of naval ordnance,

of dockyards, and of stores, and the inspector of dockyard
expense accounts. The first duty of the Controller is, as

has been explained, in relation to the design and con-

struction of ships and their machinery, and the executive

officials who have charge of that work are the director of

naval construction and the engineer-in-chief, whose opera-

tions are closely inter-related. A vast administrative

stride has been made in this particular branch of the

Admiralty. The work of design and construction now go
forward together, and the Admiralty designers are in close

touch with the work in hand at the dockyards—a condi-

tion which did not exist twenty-five years ago. This has

been largely brought about by the institution, in 1883, of

the royal corps of naval constructors, whose members
interchange their duties between the designing of ships at

the Admiralty and practical work at the dockyards. It

is through the director of naval construction that many of

the spending departments are set in motion, since he is

responsible both for the design of ships and for their con-

struction. It* deserves to be noticed, however, that a
certain obscurity exists in regard to the relative duties of

the director of naval construction and the director of

dockyards touching constructive works in the yards.

The former officer has also charge of all the work given

out to contract, though it is the business of the dock-

yard officials to certify that the conditions of the con-

tract have been fulfilled. In all this work the director

of naval construction collaborates with the engineer-in-

chief, who is an independent officer and not a subordinate,

and whose procedure in regard to machinery closely

resembles that adopted in the matter of contract -built

ships.

The director of naval ordnance is another officer of the

Controller’s Department whose operations are very closely

related to the duties of the director of naval construction,

and the relation is both intimate and sustained, for in the

Ordnance Department everything that relates to guns, ^n-
mountings, magazines, torpedo apparatus, electrical fittings

for guns, and other electrical fittings is centred. A
singular feature of this branch of administration is that

the na-vy long since lost direct control of ordnance matters,

ADMIRALTY ADMINISTRATION
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tlirougli the duties connected with naval gunnery, formerly

in the hands of the master-general of the ordnance, and

those of the Board of Ordnance—a department common to

the sea and land services—being vested in 1855 in the

Secretary of State for war. A more satisfactory state of

things has grown up through the appointment of the

director of naval ordnance, taking the place of the naval

officer who formerly advised the director of artillery at the

War Office. Expenditure on ordnance has also been

transferred from the army to the navy estimates, and a

Naval Ordnance Store Department has been created. It

cannot be said that the condition is yet satisfactory, nor

can it be until the navy has control of and responsibility

for its own ordnance. The assistant-director of torpedoes

is an officer instituted at the Admiralty within recent

years, and his duty is to assist the director of naval

ordnance in all torpedo matters.

As to the operations of the director of dockyards little

need be said hete. (See Dockyards.) This officer re-

placed the surveyor of dockyards in 1886, at about

which time the inspector of dockyard expense-accounts

was instituted. It is upon the director of dockyards

that the responsibility of the Controller devolves in regard

to the management of dockyards and naval establish-

ments at home and abroad, and to the performance of

work in these establishments, ship and boat building,

maintenance, repairs, and refits. In this department the

programme for work in the dockyards is prepared, as weU
as certain sections of the navy estimates.

We now come to the Stores Department, with the

director of stores as its chief. This officer, about the year

1869, took over the storekeeping duties previously vested

in the storekeeper-general. The Naval Store Department
is charged with the custody and issue of naval, as distin-

guished from victualling and ordnance stores, to be used
in naval dockyards and establishments for the building,

fitting, and repairing of warships. It has, however, no
concern with stores that belong to the Department of

Works. The business of the director of stores is also to

receive and issue the stores for ships of all classes in

commission and reserve, and he deals with a vast array of

objects and materials necessary for the fleet, and with coals

and coaling. He frames the estimates for his department,
but his purchases are made through the director of navy
contracts. In practice the main business of the Stores

Department is to see to the provision of stores for the
navy, and to the proper supply of these at all the estab-

lishments, and for this purpose its officials direct the
movements of storeships, and arrange for the despatch of
colliers, the director being charged to be “ carefifl to pro-

vide for His Majesty’s ships on foreign stations, and for
the necessary supplies to foreign yards.” Another im-
portant business of the director of stores is the examina-
tion of the store accounts of ships as well as some other
accounts. Although the director of stores is really in the
department of the Controller, he is supervised in regard to
the coaling of the fleet by the junior Naval Lord, The
inspector of dockyard expense-accounts has been alluded
to. He is the officer charged with keeping a record of
expenditure at the dockyards and of supervising expense
accounts.

IV. The MatSriel of the Wwvy—Recent AdmmiBtration.—^Having now described the administrative system of the
navy, taking the preparation of the shipbuilding pro-
gramme as an illustration, it wiU be well here to recall the
recent history^ of naval administration in that regard.
The shipbuilding pro^amme is the beginning of the
practical work of administration, because the Government
having shaped its policy and indicsated its requirements
and the possibiliti^ that present themselves, the material

elements of naval power are created, and tho personal ele-

ments, with all that concerns the training oi officers and

men, follow according to the necessities im 2
)licd by tlie

existence of that materiel. This is not to say that tlie

ship is more important than the company who are m her,

but only that the materiel of tho navy constitutes the

conditions for which the personnel are cmljodied, organ-

ized, and trained. It will be obvious from \vhat follows,

in regard to the shipbuilding programmes of recent years,

that the development of the fleet, conducted by the

Admiralty under the authority of tli(5 Fii'st Lord and the

Cabinet, has been largely influenced by the voice of public

opinion. A Government in power has strong inducement

to keep down ex^jenditure and taxation, and the stimulus

of a strong body of public opinion app(‘ars to be necessary

in order to insuie that the navy shall be maintained in

adequate strength. This is a matter which cannot be over-

looked in any account of naval administration. In tho

spring of 1870 Mr Childers assured P<irl lament that the

navy was sufficient for any duty it was likely to be called

on to perform—as did Lord Cardwell for the army. In

June, when the Franco-German war broke out, .£!2,000,000

was voted to put the armed forces in a state of efficiency,

although the war did nor directly affect Great Britain.

At the time of the Busso-Tuikish war great um^asiness

was manifested in the United Kingdom as to the sufficieiuy

of the navy, and on 25th January 1878 a vote of credit

of £6,000,000 was passed by the House of Commons tc^

enable the Admiralty to make good the deficiency.

The existing programme was pushed forward, and a
number of ships were bought, but consistent poIic‘y was still

absent from the proceedings. Again, when the estimates of

1884-85 were presented uneasiness still existed, and Lord
Northbrook said in the Homse of Lords that it would be an
extravagance to spend £2,000,000 in the construction of

largo ironclads, and that the great difficulty the Admiralty
would have to contend with, if they w\‘ve granted

£3,000,000 or £4,000,000 for the purpose referred to,

would be to decide how they should spend the money.
It is true that at the time the minds of naval constructors

were not settled as to the typo of vessel desira])l(‘, and
that there were many fluctuations of ojiinion in regard to

naval policy. But at about the same time alarm was
spread by the action of Eussia upon the Afghan frontier,

in relation to what was known as the ‘‘Paiijdeh incident,”

and Lord Northbrook introduced a special shijJmilding
programme. He explained, in March 1885, that in the
navy estimates for the year there would be an increase of
£800,000 for building ships by contract and ctirrying out
the programme announced in the previous December. In
addition the navy estimates of the year showed the further
increase of £700,000, making a total augmentation, ex-
clusive of supplementary estimates, of about £1,500,000,
The country had been profoundly moved by the political

situation abroad, and from that time may he said to
date the great expansion of the fleet which has The Naval
taken place since the introduction of the Naval Oetence
Defence Act of 1889. A powerful agitation
was conducted by the press, and at length the necessity
of a great expenditure was recognized by the Government.
In the previous year Lord Charles Beresford, being dis-

satisfied with the provision made for the navy, had resigned
his seat at the Admiralty Board, proposing a programme
of additional ships which he considered to be necessary.
Many articles were contributed to the press, and a meeting
was convened in the City of London by the Lord Mayor,
so that pressure was put upon the Government and the
Admiralty, and a five years^ programme was introduced by
Lord George Hamilton, then First Lord. As a ground of
decision in regard to the naval strength required, the
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Admiralty, after the naval manoeuvres of 1888, had
directed three admirals—Sir William Dowell, Sir E. Yesey
Hamilton, and Sir F. Eichards—to furnish a report.
They arrived at the following conclusion : “It will not
be found practicable to maintain an effective blockade of
an enemy’s squadrons in strongly fortified ports by keeping
the main body of the fleet off the port to be blockaded,
without the blockading battleships being in the proportion
of at least five to three to allow a sufficient margin for
casualties, to which the enemy’s vessels in a secure harbour
would not be exposed, and the necessary periodical absence
of a portion of the blockading squadron for the purpose
of replenishing fuel, making good defects, &c. A still

larger proportion might be necessary if the area to be
covered by the blockaders was extensive,” It may be said
that this report was at the base of the Naval Defence
Act programme and of those which have followed it, and
it has constantly been appealed to by writers and speakers,
though it is a question whether recent developments of
foreign navies do not indicate the necessity of a larger pro-
portion of British ships. The Naval Defence Act, 1889,
52 Yict. cap. 8, being “an Act to make further provision
for naval defence and defray the expenses thereof,” marked
the beginning of a larger conception on the part of the
Government and the Admiralty of the needs of the British

empire, and it may be said to have formed the practical

beginning of the existing efficient navy. Ships were in
existence—^the Admiral class, for example—of an earlier

date, but it is nevertheless true that the vessels put
in hand under the Naval Defence Act marked a real

beginning. The preamble of the Act was as follows :
“ It

is expedient that a sum not exceeding £21,000,000 be
granted for the purpose of building, arming, equipping,

and completing for sea vessels of Her Majesty’s navy
\
and

that it is expedient that a sum not exceeding £10,000,000
be issued out of the consolidated fund in seven years,

ending the 31st of March 1896 ;
and that a sum not

exceeding £11,000,000 be issued out of the moneys to be
provided by Parliament for the naval service during the

financial years ending the 31st of March 1894.” A subse-

quent measure supplemented the Act of 1889, and was
described as the Naval Defence Act 1893, 56 & 57 Yict.

cap. 45 :
“ An Act to make further provision for the com-

pletion and equipment of ships under the Naval Defence

Act 1889, and to amend that Act,” and the new provision

made was for a grant of moneys not exceeding £1,350,000.
The programme of the Naval Defence Act was for the

building of ten battleships, of which eight were of the

first class, and displaced 14,150 tons, while two, which
were then described as of the second class, but are now
ranked of the first, were of 10,500 tons. The eight larger

battleships built under the Act were the Royal Sovereign,

Empress of India, Hood, Ramillies, Repulse, Resolution,

Revenge, and Royal Oak, and the two smaller ships the

Centurion and Barfleur, These are all ships of high

freeboard, the larger ones with four 13 *5 -inch and the

smaller with as many 10-ineh guns in their barbettes, and
in the matter of protection they marked a great advance

upon their predecessors. The Naval Defence Act also

provided for the building of nine first-class cruisers—^the

Royal Arthur and the Crescent (7700 tons), and the

Edgar, Endymion, Gibralta/r, Grafton, Hawke, St. George,

and Theseus, as wdll as thirty-three second-class cruisers.

The second-class cruisers were to be of 3400 tons, but

before the programmes could be carried out the dimensions

of several of them were increased to 4360 tons. The end

of the financial year 1894-95 saw the completion of five

second-class cruisers and four torpedo gunboats, which
brought to an end the work provided for under the Naval

Defence Act. The vessels were soon completed for sea,

and most of them Avere commissioned for the manoeuvres
of 1895. The limit of five yeais, which had originally
been fixed for the completion of these vessels, had been
somewhat exceeded.

Meanwhile provision had been made in the programme
of 1892-93 for the laying down of the battleship

displacing 12,350 tons and lying midway Nsvaipro-
between the Royal Sovereign and Centurion grammes,
classes, as well as for certain destroyers and
other torpedo craft. It was on 23rd June 1893, off

the coast of Tripoli, Syria, that the lamentable cata-

strophe occurred in which the Victoria, flagship of Sir
George Tryon, commander-in-chief in the Mediterranean,
was lost through collision with the Camperdown, This
incident, combined with a strong feeling that after the
close of the principal work of the Naval Defence Act no
adequate provision had been made, caused Earl Spencer,
then First Lord of the Admiralty, to introduce a new pro-

gramme. In December 1893 Sir William Harcourt had
told the House of Commons that the professional advisers

of the Admiralty—meaning the Naval Lords—were of

opinion that the navy was in a satisfactory state, and that

its supremacy was for the moment absolute, and added
that he would undertake to say that the “ superiority of

the British navy was never so great as it is now.” It was
commonly believed that the Naval Lords thereupon resolved

to resign, but two days later Sir William Harcourt made
a statement which modified the impression he had given.

The agitation of that time materially strengthened the
hands of Lord Spencer, and the programme of 1893-94
provided for the laying down of two new battleships—^the

Majestic and Magnificent— of 14,900 tons, afterwards

first and second flagships of the Channel squadron, as well

as three second-class cruisers—the Talbot, Eclipse, and
Minerva—and two sloops. Two first-class cruisers—^the

Powerful and Terrible—belong to the same year, and
after being deferred were given out to contract in

December 1893. They were the first large vessels of

the British fleet to be provided with water-tube boilers,

these being of the Belleville type. The shipbuilding pro-

gramme of 1894-95 included seven battleships, six cruisers

of the second class, and two sloops. The battleships were
of the Majestic class, and received the names of Prince
George, Victorious, Coesar, Hannibal, Illustrious, Jupiter,

and Mars (14,900 tons). The second-class cruisers were

the Venus, Diana, Dido, Isis, Juno, and Doris, dis-

placing 5600 tons. All these were built by contract, as

was the case with two of the battleships of that year.

The shipbuilding work put in band under this programme
gave full occupation to the building yards, and the con-

structive scheme embodied in the estimates of 1895-96

did not include any battleships. There w^ere four first-

class protected cruisers of 11,000 tons, resembling in

various ways the Powerful and Royal Arthur classes

—

the Diadem, Andromeda, Europa, and Niohe—all pro-

vided with Belleville boilers, and calculated for a speed

of 20*5 knots
;
four second-class cruisers of 5750 tons

—

the Arrogant, Furious, Gladiator, and Vindictive
]
two

third-class cruisers of 2135 tons—the Pelorus and Pro-

serpine', and twenty torpedo-boat destroyers. The work
conducted under the programme so far described was
carried out with great rapidity. The Majestic and Magni-

ficent, built respectively at Portsmouth and Chatham, were

commissioned within twenty-two and twenty-four months

from the laying of the keel, thus surpassing all previous

records, and the Prince George at Portsmouth and the

Victcnriom at Chatham maintained this rapidiiy of con-

struction. Moreover the progress made with these vessels

did not interfere with the maintenance of the progress

intended either on new shipbuilding or in keeping up the
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sea-going and fighting efficiency of ships
^

in reserve or

commission. Good progress was also attajaed with the

remaining five ships of the Majestic class, though in subse-

quent years, owing to strikes in the engineering trade and

some other circumstances, the work was much impeded.

The programme of 1896-97 included five battleships, of

which three—the Goliath, Canopus, and were

built in the dockyards, and two—the Albion and Glory

—^by contract on the Thames and the Clyde. They

are of a new class, displacing 12,950 tons, standing mid-

way between the Remion and the Majestic, The pro-

gramme also included four first-class protected cruisers of

the Diadem class (11,000 tons)—the Spartiate, Argonaut,

Amphitrite, and Ariadne; three second-class cruisers of

5600 tons—^the Hermes, Highjiyer, and Eyadnth\ six

third-class cruisers of 2135 tons—the Fomone, Froimtfieus,

Pegasus, Pyramus, Factolus, and Perseus
\
and twenty-

eight torpedo-boat destroyers. Of the first-class cruisers,

the Spartiate was laid down at Pembroke, and the others

in private yards. The vessels under construction during

this year comprised thirteen battleships, ten first-class

cruisers, sixteen second-class cruisers, seven third-class

cruisers, and a number of destroyers
;
and the expenditure

involved considerably exceeded that incurred in any

previous financial year, and the numbers and type of the

new ships laid down were exceptional. The progress

made was in many ways good, the Mars and Jupiter, for

example, being delivered by the contractors five months

within the contract date. Some of the ships were, how-

ever, greatly retarded by the dispute in the engineering

trade. The Ccesar, Illustrious, and Hannibal were de-

layed, and some of the ships of the Canopus class, though

rapidly pushed forward until the engineering dispute

began, were, owing to the non-delivery of structural

portions, much retarded. Progress with certain of the

cruisers was^ also impeded. In the shipbuilding pro-

gramme of 1897-98 four battleships were included—^the

Vengeance, of the Canopus class, built at Barrow, and the

Formidable, Implacable, and Irresistible {Majesties with

some improvements), constructed in the dockyards. The
programme also included three third-class cruisers, two
sloops, four gunboats, two torpedo-boat destroyers, and

a new royal yacht, which was built at Pembroke. In

addition, Mr Goschen, then First Lord, announced in

July 1897 that in consequence of the proposed additions

» to the navies of foreign Powers, he had received an
additional sum of £500,000 from the chancellor of the

exchequer, wherewith it was proposed to begin the con-

struction of four armoured cruisers of an entirely new
design, which, it was said, would be capable both of

commerce protection and of taking their place in the line

of battle. These were the Cressy and Abouhir, built at

Glasgow, the Hogue at Barrow, and the Sutlej at Clyde-
bank—all displacing 12,000 tons. This extensive pro-

gramme was very seriously affected by the prolonged
labour disputes, which lasted from July 1897 until

February 1898, and Mr Goschen confessed that the Board
was unable to foresee the exact amount by which the
anticipated expenditure on new constructions would fall

short. The difficulties arising from the labour dispute
affected the production of machinery, gun-mountings,
armour, and almost every important class of material, and
in the dockyards the work was delayed by the inability of
the contractors to deliver the material they had under-
taken to supply. The commencement of the armoured
cruisers was also delayed by the introduction and trial of
new tj^es of 12-inch and 6-inch guns. Nevertheless the
estimates of 1898-99 proposed to build three battleships
of 15,000 tons and of the Fc/rmidable class-^the London,
V&nerable, and Bulwark; and to put in hand also two

armoured cruisers of the Cressy class—^the Euryalus and

Bacchante; and two others—the Drake and King Alfred—
of a still larger type, displacing 14,100 tons, as well as

four sloops. The year 1898-99 was also marked by the

introduction of a supplementary shipbuilding programme.

It was explained by the First Lord, in July 1898, that the

programme at first presented was considered ade(iuate at

the time, and was based on the principle that the British

navy must be equal in number, but superior in power, to

the fleets of any two countries. Mr Goschen stated that

it was impossible to conceal the fact that the action of

Russia, and the programme on which she had entered, was

the cause of this further strengthening the fleet. jMr

Goschen’s explanation was enforced in these %vords

:

“ What, then, is our position ? We know of six Russian

battleships to be laid down this year, including one already

begun. We have now verified where those six ships are

to be built. Of those I took two into account in my
original estimate, so that the balance against us was four.

Accordingly, I must ask the House to sanction four battle-

ships beyond my original estimate. The new Russian

programme also provides for four cruisers from the com-

mencement of this year, and we propose to commence an

equal number—^that is to say, four cruisers in addition

to those provided for already.” The supplementary pro-

gramme, therefore, provided for the laying down of four

battleships and four armoured cruisers, as well as twelve

destroyers, and the total liability involved was about

£8,000,000, to be spread over about three and a Iialf

years. The four new battleships were the Duwun, Cornr

wallis, ExmxMth, and Russell, all built by contract, dis-

placing 14,000 tons, and intermediate in size between the

Formidable and Canopus classes with superior speed and
thinner armour, the latter being due to improved processes

of steel-production. The armoured cruisers were the

Leviathan and Good Hope, both of the Drake class (14,100

tons), and the Bedford and Monmmth of a smaller type

(9800 tons). Shipbuilding progress was still impeded,

work being much disarranged owing to the unprecedented

activity in mercantile shipbuilding which followed the

labour dispute, and serious delay resulted from the in-

ability of the shipbuilding contractors to procure the

necessary materials. The ships could not thus be laid

down nor carried forward so advantageously as had been

hoped, and further delay occurred owing to the intro-

duction of the Krupp process of armour, which made
necessary the reconstruction of steel-producing plant. The
programme of 1899-1900 included two other battleships

—

the Montague and Albemarle (14,000 tons)—of the Duncan
class, and two armoured cruisers—^the Kent and Essex

(9800 tons)—of the Bedford class, all to be built in the

dockyards, as well as three smaller cruisers, two sloops,

and two first-class torpedo boats. Once more it proved
that abnormal activity in shipbuilding and Delays la
engineering seriously affected building progress, coasiruc-

and checked expenditure on ships, machinery,

and armour. Delay in the delivery of material, difficulties

in securing adequate numbers of workmen, and other cir-

cumstances caused the aggregate earnings on contract

work to fall short of the estimated amount by about

£1,400,000, although the estimate had been calculated

on the basis of actual earnings in past years of ships

of similar character, and on close investigation of the

possible output of armour. Progress in the dockyards
was also impeded, and was further affected by the fact

that a large number of the ships were designed for ex-

ceptionally high speed, and were therefore to be provided
with propelling machinery of great power. The ship-

building programme of 1900-1 included two battleships

—

the Queen and Prmce of Wales

;

six first-class armoured
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cruisers the Cornwall^ Suffolk^ Cumherland^ Lancaster^
Donegal^ and Berwick; one second-class cruiser (an im-
proved Hermes), two sloops, two light-draught gimboats,
and two torpedo boats. The programme of 1901-2 in-
cluded three battleships, six armoured cruisers, two third-
class cruisers, ten destroyers, five torpedo boats, two sloops,
and five submarine boats. Shortly after the estimates
were presented the Admiralty Boiler Committee made an
interim report, in which the Belleville boiler was con-
demned, and a trial of other water-tube types recom-
mended.

It may be useful to add a note concerning the spending
of the money. Within the Controller's Department, as has

been explained, are centred the more important

ture.^
' spending branches of the Admiralty. While the

work of designing ships and preparing plans is in
progress, the director of stores, the director of dockyards,
and other officials of that department concerned are
making preparation for the work. The necessary stores,

comprising almost every imaginable class of materials, are

brought together, and the director of stores is specially

charged to obtain accurate information in regard to require-

ments. He is not, however, a purchasing officer, that work
being undertaken by the director of navy contracts, who is

concerned with the whole business of supply, except in

regard to hulls and machinery of ships built by contract,

and the special requirements of the director of works.
At the same time, the civil departments of the Admiralty
being held responsible for the administration of the votes

they compile, it is their duty to watch the outlay of money,
and to see that it is well expended, the accountant-

general being directed to assist them in this work. The
system is closely jointed and well administered, but it

possesses a very centralized character, which interferes to

some extent with flexible working, and with the progress

of necessary repairs, especially in foreign yards. In so

far as ships given out to contract are concerned (and the

same is the case in regard to propelling machinery built

by contract), the director of navy contracts plays no part,

the professional business being conducted through the

Controller of the navy, who is advised thereon by the

director of naval construction and the engineer-in -chief.

The work conducted in private establishments is closely

watched by the Admiralty officials, and is thoroughly

tested, but, mutatis mutandis, the system in regard to

contract-built ships is practically the same as that which
prevails in the dockyards.

y. Personnel.— work of the Admiralty is more
important than the supply of trained officers and men to

the fleet. The provision of these in adequate number, the

organization of the training service, the constitution of

the reserve, and many other questions connected with the

pay, promotion, and retirement of officers and men
impose a great duty upon the Admiralty Board. The
work mainly lies in the province of the second Naval Lord,

who has charge of the work of manning the fleet, and

educating and training the personnel, together with the

affairs of the royal marine light infantry and the royal

marine artillery. Within his purview are all training

establishments, including those for engineer students, the

naval colleges, and the royal marine schools. The First

Lord of the Admiralty has special charge of promotions

and removals of naval and marine officers to or from the

service, and of the appointments of flag officers, captains,

all officers to command ships, commanders to the coast-

guard, superior officers to the medical service, staff

appointments to the royal marines, and civil appoint-

ments and promotions, except where these fall under the

Controller and the Civil Lord. The first Naval Lord
appoints commanders (second in command), and the

second Naval Lord navigating officers and lieutenants, sub-
lieutenants, midshipmen, cadets, engineer officers, and
others, while the appointment of chaplains, naval in-

structors, junior medical officers, paymasters, and other
officers of the accountant branch falls to the junior Naval
Lord. The increase of the materiel of the fleet has led to
large additions being made to the numbers of officers and
men, and the conditions of service have been in some
ways modified. The general regulations are published in

the Quarterly Navy List, so that it is unnecessary to refer

to them here. The great scarcity of lieutenants caused
the Admiralty, in the year 1895, to institute a supple-

mentary list of naval lieutenants and sub-lieutenants, wffio

were appointed under special conditions from the mercan-
tile marine, and are not promoted beyond the rank of
lieutenant unless for distinguished service, but are retired at

forty-five years of age. Changes have also been introduced

in the conditions and service of the royal naval reserve^

and it may be said that the system of training is still

under trial and that it is not yet definitely established.

The number of officers, seamen, boys, coastguard, and
royal marines borne on the books of His Majesty's ships

and at the royal marine divisions are fixed yearly by
vote A of the navy estimates. The following table shows
the annual increase in the number in these ranks and
ratings during the ten years 1890-1900 :

—

Tear.
Total Numbei
boi lie at end

Increase
during

1890-91

of Year.

67,748
71,423

Year.

1764
1891-92 3675
1892-93 74,420 2997
1893-94 77,976 3556
1894-95 83,117 5141
1895-96 88,674 5557
1896-97 94,376 5702
1897-98 . 100,052 5676
1898-99 . 106,002 5950
1899-1900 . 111,019 5017

The total force voted for the year 1900-1 was
114,880, being an addition of 220 officers, 3050 petty

officers and seamen, 150 engine-room staff, 200 miscel-

laneous ratings, 300 marines, and 320 apprentices (artisan

ratings), making in all an addition of 4240. A further

increase of 3745 was authorized in the next year. The
number of officers is being increased under a scheme
extended gradually over a certain number of years, and it

was announced in 1899 that the flag officers would be in-

creased from 68 to 80, the captains from 208 to 245, the

commanders from 304 to 360, and the lieutenants from
1150 to 1550. Increases were also instructed to be made
in the other branches of the service. The additions made
to the materiel of the navy had outrun the provision made
for the supply of officers, and the list of supplementary

lieutenants was increased to tide over the interval wffiich

would elapse before a sufficient supply of executive officers

trained up in the service could be produced in the ordinary

course, it being easier to build ships than to train those

required to man them.

Except for the list of supplementary lieutenants and
sub-lieutenants which has been referred to, all executive

officers of the navy enter as cadets upon the nomination

of the First Lord of the Admiralty (who also nominates

assistant clerks for the accountant branch) and are trained

in the naval establishment now located in the Britannia

at Dartmouth, which is about to be transferred to a build-

ing ashore. A few nominations are given to the sons

of colonial gentlemen and of naval and military officers

for special reasons of service, and in particular cases a
few youths are entered from the Wofxester and Conway
training-ships of the mercantile marine. Latterly, a new
arrangement as regards the entry and training of cadets

S.L— 10
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lias been institutedj and came into force in the year

1897-98. The result is gradually to raise the age for

entering by one year, and to shorten the course of in-

struction in the JBritayinia to about sixteen months, and.

cadets are now entered three times a year instead of twice.

The effect of this change is that about 190 cadets pass

through the Britannia yearly instead of 125, as was the

case formerly, and that 170 sub-lieutenants will be ulti-

mately produced annually instead of 116. The question

of a limited competition as compared with an open one

has been much discussed. It has been argued that it is

anomalous to have open competition for some branches

and limited competition for others, and that the exorcise

of the right of nomination by the First Lord is liable to

be influenced by political considerations.^ After passing

a certain time afloat, or in the case of the most successful

boys at rhe date of their leaving the Britannia^ the cadets

are appointed midshipmen, and upon gaming the age of

nineteen and completing three and a half years^ service

afloat as midshipmen, they may pass for sub-lieutenants,

the examination being in seamanship, navigation, torpedo,

gunnery, and pilotage. As an acting sub -lieutenant the

young officer proceeds to the Eoyal Naval College, Green-

wich, where his navigation and pilotage examination takes

place, and he then passes to the gunnery and torpedo estab-

lishments at Portsmouth, where upon passing the examina-

tion he is confirmed in the rank of sub-lieutenant. Pro-

motion to lieutenant depends upon the class of

^f^^^cers
Certificates obtained at these examinations. Thus,

*
five first-class certificates and promotion-marks

secure the promotion of the sub-lieutenant after six months
from the date of seniority in that grade, five ordinary first-

class certificates after twelve months, and so on down to

twenty-seven months as sub-lieutenant, after which promo-

tion is only by seniority. The duties of a lieutenant afloat

are many and various, and include the charge of watches

and of a division of men, with drill at the guns. A certain

number of lieutenants specially qualify in gunnery, torpedo,

and navigation, and are appointed to ships to act in the

capacity of specialists in these matters. Above the rank

of lieutenant promotion is by selection, twice a year,

according to the needs of the service, a certain number of

lieutenants being promoted to the rank of commander.
Lieutenants are also promoted to commander from the

royal yacht and for distinguished service. Before this

time, however, a separation of duties may have occurred,

for it is open to a certain number of lieutenants, under
particular conditions, to be transferred to the coastguard,

and to forego further chances of promotion. Captains are

promoted by selection from the commanders’ list, and
captains, like officers of every other branch, are retired

under the limit of age applicable to their rank. Their
promotion to flag ra^ is by seniority, and depends upon
the vacancies arising in the rear-admiral’s list. In the
same way rear-admirals rise to vice-admirals and admirals
by seniority, but are promoted admirals of the fleet ” by
selection.

The position and pay of officers of the engineer branch
has steadily improved during recent years. They enter
between the ages of fourteen and seventeen, mostly by
competitive examination, though a few nominations
remain with the Admiralty. The course at the Eoyal
Naval Engineers’ College at Keyham is of four or five

years. The most successful students at the final examina-
tions go to the Eoyal Naval College, Greenwich, for a
further course, and the most successful of these may
be appointed to the royal corps of naval constructors.
The less successful students are appointed probationary

^

^ See appendix to the Life of A dmATCiZ Lord C. Paget, who was for
six years parliamentary secretary of the Admiralty,

assistant engineers, and arc confirmed in the rank after

a period of service. Assistant engineers may pass for

engineers after three years’ service, and are eligible for

promotion after five years’ service. Promotion to chief

engineer is by seniority as vacancies occur, and further

promotion to inspector of machineiy is by selection, and

to chief inspector of machinery by seniority, these last two

ranks being for officers appointed to various establishments

at home and abroad.

The entry of accountant officers is like that of cadets,

by nomination and limited competition, and under recent

regulations the entry is made betwe<‘n the ages ot seven-

teen and eighteen. The successful candidates are assist-

ant clerks, passing after twelve months as clerks, and at

the ago of twenty-one, upon examination, become assistant

paymasters. Promotion to paymaster is by seniority, mid
by qualifying time afioat there is promotion to staff*-pay-

master, and fleet -paymaster. Admirals’ secretaries are

selected from the ranks of assistant paymasters and p<iy-

niasteis.

Officers of the medical branch must bo qualified under
the Medical Act, and upon examination the candidates are

appointed surgeons in the royal navy, and are speei.illy

trained at Haslar Hospital. After twelve years’ lull-pay

service surgeons arc advanced to the rank of staff- surgeons,

and after a further period the rank of fleet- surgeon is

gained. The deputy inspector-general is selected from
the fleet - surgeons’ list, and the inspector -general of

hospitals and fleets from among the deputy-inspectors.

Chaplains are appointed to the fleet by the Admualty
after examination. They must have been ordained ihsieons

or priests in the Church of England, or be of the same onlc^rs

‘‘by the lawful authority of one of the churches within tlio

realm of Great Britain and Ireland which are in communion
with the Church of England.” In addition to his clerical

duties the chaplain may act as naval instructor, but there

is a special branch of naval instructors vlio arc found
qualified after attaining at least a “senior optime” at

Cambridge, a second class in the final mathematical
schools at Oxford, or junior moderator in pure or mixi^d

mathematics at Dublin. These officers are furtht^r trained
at Greenwich, and it is only after passing a qualifying
examination that chaplains can also undertake the duties
of naval instructors.

The royal naval reserve is an extremely popular force

composed of officers (and others) of the mercantile marine—lieutenants, sub-lieutenants, senior engineers, and
engineers, assistant engineers, and midshipmen. Those
officers are entered by the Admiralty upon certification by
the Board of Trade, under regulations which are found in
the Quarterly^ Navy List, Many of them undergo twelve
months’ training in ships of the fleet, and all those on the
active list are required to drill on board one of the royal
naval reserve drill -ships for a certain number of days
yearly. The number of those on the list who had served
or were serving was 267 in April 1900. Vacancies for
executive officers of the reserve are filled as soon as
they occur, and many qualified candidates present them-
selves for every vacancy. In 1898-99 provision was
made for increasing the executive officers’ list by 100,
and the establishment of engineer officers of the royal
naval reserve has been fixed at 400. The fleet reserve
is a new organization devised to secure the retention of
time-expired men on a system analogous to that of the
army reserve.

The royal marines (g'.'y.), including the royal marine
artillery and the royal marine light infantry, the former
with their headquarters at Eastney, and the latter with
their divisions at Chatham, Portsmouth, and Plymouth,
are an extremely fine body of men, who serve alternately
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afloat and aslioro. Candidates for commissions enter
throngh the Gml Service Commissioners’ examination at
the Royal Military Academy at VYoolvdch, and upon
passing out as second lieutenants the officers proceed to
the Royal Naval College, Greenwich, after which there is

training at the gunnery establishment at Portsmouth. In
the case of the light infantry the training is similar,
though there are some differences in procedure. A marine
officer on board ship is in command of all mai'ines in their
distinct duty as such, but he cannot assume any naval
command whatever, unless ordered to do so by the senior
naval officer.

Details in regard to qualifications, pay, emoluments,
and duties, may be found in the Admiralty Instructions
and the Quarterly Wavy List.

We may now turn from the officers to the men. Boys
are entered in the training-ships between 14^ and 16| years

undergo a course of instruction

to qualifythem for seamen, having on entry signed
an agreement to serve for twelve years from the age of 18,
after which they can claim their discharge. When the
course of training in the training-ships and brigs is suffi-

ciently advanced the boys proceed on active service. Many
boys are periodically drafted to the ships of the Channel
squadron, and there become ordinary seamen. The next
rating to which men rise by service and good conduct is

that of able seamen, and the various ratings of petty
officers to that of chief petty officer follow. A certain

proportion of men may become warrant officers (gunners,

boatswains, &c.), a most valuable class of men, and these

may rise to commissioned rank in the case of special

gallantry against the enemy. Pensions are granted at

the age of forty to seamen who have served for twenty-two

years from the age of eighteen, according to conduct, ability,

and advantage. Stokers are entered direct from the

shore, serve some time in the steam reserve to be taught

their drill and learn the discipline of the service, and
go out on steam trials before being sent to a sea-

going ship. hike the seamen they can rise from
petty officer to warrant officer, a rank which gives

a pension to the widow. The artificer class, which
comprises blacksmiths, armourers, plumbers, carpenters,

&c,, have to pass an examination in their trade before

being sent to sea-going ships. As is the case with officers,

there may come a time when the petty officer may
think it desirable to join the coastguard, which gives

him duties on shore, but places him only in the rank of

able seaman, while his gunnery and torpedo pay are

stopped.

Allusion has been made to the officers of the royal

marine forces. The men are enlisted for twelve years,

and the service may be extended to twenty-one years.

The recruit receives his first training at the dep6t at

Walmer and may volunteer for the artillery branch in

which the pay is better, and be transferred to it upon
fulfilling the conditions. His duties ashore are those of a
soldier, but when the time comes he is drafted for service

afloat, and his duties then are in many respects analogous

to those of the seamen. The royal marines, both of the

artillery and light infantry branches, are an extremely

fine body of men who have never failed to do good service

when called upon, and the force has been largely in-

creased within recent years. The average height of the

men on entry has lately ranged from 5 feet 7^ inches to

5 feet 8 inches for the royal marine artillery, and frona

5 feet 5^ inches to 5 feet 6 inches for the royal

marine light infantry. The numbers of the corps are

beir^g steadily increased, and in the year 1901-2
there was a further addition to the force of 1000 men.

The marines—^their barracks, drill, and books—are in-

spected by the deputy adjutant-general of royal marines,
and their discipline is entirely under him, nor can they
be sent away from their headquarters except by orders
from the Admiralty. For garrison and field duties they
are, when their naval duties so xiermit, under the general
commanding the forces at their headquarters.

In the year 1899, at the commencement of the South
African war, the masted training squadron which had been
employed for the training of the boys of the sea- . .

men class, as wrell as of young officers, was re-

placed by a squadron composed of modern cruisers. This
circumstance led to a discussion concerning the right system
of training boys for service afloat. The question had been
debated before, but in June 1900 Mr J. R. Thursfield read a
paper upon the subject before the Royal United Service In-

stitution, which was followed by an important discussion.

The argument of the lecturer w^as that, though masted
ships are no longer used in the navy, the training or
discipline of masts and sails was well adapted to educe
those qualities of alertness, readiness, quickness of eye,

and rapidity of decision wffiich are universally thought
essential in seamen. On the other hand, a large number
of naval officers were of opinion that the system implied

by the existence of the small training squadron of masted
vessels had given anything but satisfactory results. One
after another various admirals who had lately commanded
fleets, or who were then in command, testified to the need
of some system of training which would restore the type

of officer and seaman which they affirmed to be disappear-

ing. The majority of these were of the opinion that no
mere resuscitation of a training ship squadron of four-

masted vessels w’-ould remedy the evil, while some
ridiculed the idea of attempting to revive what they
looked upon as dead and buried. It was very noteworthy,

on the other hand, that some young officers appeared as

stout advocates of the old system of training. In short,

the discussion revealed the existence of two schools of

thought on this important matter, and on either side

were ranged officers of equal rank and experience. There
was a consensus of opinion that something was needed
for the training of the fleet, but a wide divergence of view

was revealed as to what that something should be. It

may be worth while to remark that the men of the naval

brigade on the Benin expedition under Sir Harry Eawson,
and those lately employed in South Africa and China,

:
showed no deterioration in the characteristic handiness of

the seaman.

YI. Mohilization of the Meet—^By the mobilization of

the fleet is meant the placing of naval resources upon a

war footing, in readiness in all material and personal

respects for hostile operations. It is obvious that this

is the real crown and completion of the work of the

Admiralty Board, and that there can be no department or

branch which is not in some w^ay concerned in it. The
work of mobilization falls chiefly within the province of

the first Naval Lord, and the mobilization branch of the

Naval Intelligence Department is his agency. The essence

of the work of that branch is described as “preparation

for war,” and it is concerned with the preparation of plans

for organization, basing much of its work upon the in-

formation gained by the Foreign Intelligence Branch.

The Naval Intelligence Department is a consultative office

in the department of the first Naval Lord. But of course

the second Naval Lord, who is chiefly concerned with the

manning of the fleet, including the coastguard and the

royal naval reserve, has a very large share in the duties

of mobilization. The same may be said of the Additional

Naval Lord and Controller, who is charged with all that

concerns the materiel of the fleet, and again of the junior

Naval Lord, whose duties are largely in the matters of
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the Controller. The inspector of dockyard expense accounts,

who is entirely in the Controller’s department, enables him

to exercise careful suiiervision over e^cpeuditure and the

distribution of funds to special purposes. This wor^

however, though highly important is merely one part ot

the .system of financial control. Within recent years the

bonds have been considerably tightened, and the work is

untainted by corruiition. It is true that in exCTCismg

lig-.d supervision over expenditure the work has become

more centralized than is desirable, and it is a mark ot

change uithin recent years that local officers have been

in larger measure deprived of independent powers. This,

indeed, is a necessary condition of financial control, or

at least a condition which it is not easy to change

where rigid control is necessary. (e. v. h.; j. id)

United States.

The President of the United States is commander-in-

chief of the navy—a constitutional prerogative which he

selcloiii asserts. The I^avy Department is administered by

a civilian Secretary of the Navy— cabinet officer appointed

by the President—who exercises general supervision.

Next in authority is the Assistant-Secretary, also a civilian

nominee, who acts as an assistant, and has, besides,

certain specific duties, including general supervision of the

marine corps, naval militia, and naval stations
Nayy De~ i^eyond the continental limits of the United
partment.

details of administration are super-

vised by the chiefs of bureaus, of which there are eight.

They are appointed by the President from the navy list

for a period of four years, and have the rank of rear-

admiral while serving in this capacity. They have direct

control of the business and correspondence pertaining

to their respective bureaus; and orders emanating from
them have the same force as though issued by the

Secretary.

The bureau of Navigation is* the executive, or military,

bureau, and as such promulgates and enforces the orders

and regulations prescribed by the Secretary
;

it has general

direction of the procurement, education, assignment, and
discipline of the jgersonneL It also controls the move-
ments of ships, including the authorization of manoeuvres
and drills, such as target practice. The bureau of Equip-
mnt has charge of all electrical appliances, compasses,
charts, and fuel, and generally all that relates to the
equipment of vessels, exclusive of those articles that come
naturally under the cognizance of other bureaus. It has
charge of the naval observatory, where the ephemeris is

prepared annually, and of the hydrographic office, where
charts, sailing directions, notices to mariners, &c., are
issued. The bureau of Ordnance has charge of the gun
factory, proving ground, and torpedo station, and all naval
magazines

; all the details that pertain to the manufacture,
tests, installation, or storage of all offensive and defensive
apparatus, including armour, ammunition hoists, ammuni-
tion rooms, ifec., though much of the actual installation is
j^rformed by the bureau of constmetion after consulta-
tion with the bureau of ordnance. The bureau of Con-
struciion and repair has charge of the designing, building
and repairing of hulls of ships, including turrets, spars,
and many other accessories. It builds ah boats, has
charge of the docHng of vessels and the care of ships in
reserve. The chief of this bnreau is usually a naval
constructor. The bureau of Steam engineering has
charge of all that relates to the designing, building, and
repairing of steam machinery, and with all the steam
connexions on board ship. The bureau of Supplies and
memMs procures and distributes provisions, clothing, and
ISsnpphes of the pay department afloat, and acts as the
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purchasing agent for all materials used at uaval stations

except for the medical department and manne corps.
^

It

also has charge of the disbursement of money and keeping

of accounts. The chief of this bureau is a jiay oiheer.

The bureau of Medicine and Surgery has charge or ail

naval hospitals, dispensaries, and
^

laboratories, and ot

all that pertains to the care of sick ahoat and ashore.

The chief of this bureau is a medical ollicer. The

bureau of Yards and docks has charge of construction

and maintenance of wet and dry docks, buildings, rail-

ways, cranes, and generally all permanent constructions

at naval stations. The chief of this bureau is often a civil

engineer.

Under the cognizance of the Secretaiys office is the

office of the judge -advocate -general, an officer selected

by the President from the navy list for a term of four

years, with the rank of captain while so serving, lie is

legal adviser to the Department, and reviews the records

of all courts and statutory boards. Under the cognizance

of the Assistant-Secretary’s office is the office ol 2 iav<il

intelligence, which collates information on naval matters

obtainable at borne and abroad. The staff is composed of

naval officers on shore duty, the senior in chaige bcdiig

usually a captain, and known as chief intelligence officer.

Several boards are employed under the various bureaus,

or directly as advisers to the Secretary. Some are per-

manent in character, while others are composed of officers

employed on other duty, and are convoked i)eriodically or

when required. The naval policy board is composetl of

officers of high rank, and meets once a month ; its duti(is

conform to those of the general staff in armies. The
board on construction consists of the chiefs of bureaus of

Ordnance, Equipment, Construction and repair, Steam
engineering, and the chief intelligence officer. Its duty is

to advise the Secretary in all matters relating to the con-

struction policy in detail. The general construction policy

is suggested by the naval policy board. The board of

inspection and survey is composed of rei)rcseiitativcs of

all bureaus, who inspect vessels soon after commission and
on return from a cruise, and report on the condition of

the ship and efficiency of its personnel

;

it also conducts
the official trials of new vessels. The boards for the
examination of officers for promotion are composed of

officers of the corps to which the candidate belongs and
of medical officers. Every officer is examined i)rofessioii-

ally, morally, and physically at each promotion. The
Navy Department is located at Washington, D.C., and
occupies a building together with the State and War
Departments (the latter being charged solely with army
affairs).

The personnel is limited in number by Ia^v, The
allowance of commissioned officers in July 1900 was
1449, distributed as shown in the table. All
others than line officers are termed, in contradis-
tinction from them, staff officers. The relative navy or
army rank of any staff grade may be ascertained from the
table on p. 79.

The engineer corps was abolished in 1809, the then
engineer-officers becoming line officers in their respective
relative grades. Line officers are the military and execu-
tive branch, and are required besides to perform engineer
duties.^ They are graduates of the Naval Academy.
Vacancies occurring in the construction corps are filled
from the graduates of the Naval Academy having the
highest standing in scholarship, who are given a two
years’ graduate course, generally abroad, on being
graduated from the Academy, and are then appointed
assistant naval constructors. All other staff officers are
appointed directly from civil life by the President, from
candidates passing prescribed examinations. Each repre-



states] admiralty administration
sentative and delegate in Congress has authority to
nominate a candidate for naval cadet whenever his con-
gressional district has no representative in the ISTaval
Academy. The candidate must be a resident of the

“at large,” and one appointed from the district of
Columbia.

The course of instruction at the Academy is four years,

each comprising eight months’ study, three months’
practice cruise, and one month’s furlough. At the expira-

'

tion of four years, cadets are sent to cruising ships for two
years’ further instruction, and are then commissioned
ensigns. After three years’ further sea service, ensigns

are promoted to lieutenants (junior grade). After this,

promotion is dependent upon seniority alone, the senior

officer in any grade being promoted to the lowest number
in the next higher grade when a vacancy occurs in the

higher grade, and not before. All officers are retired on
three-fourths sea pay at the age of sixty-two, or whenever
a board of medical officers certifies that an officer is not
physically qualified to perform all duties of his grade, A
few officers are allowed to retire voluntarily in certain

circumstances, to stimulate promotion. Any officer on the

retired list may be ordered by the Secretary to such duty

as he may be able to perform : this is a legal provision to

provide for emergencies. Promotion in the staff corps is

dependent upon seniority, though relative rank in the

lower grades in some corps somewhat depends upon pro-

motion of line officers of the same length of service,

and accounts for the existence of staff officers in the same

grade having different ranks. All sea-going officers, after

commission, are required to spend three years at sea, and

are then usually employed on shore-duty for a time,

according to the needs of the service— short terms of

shore-duty thereafter alternating with three-year cruises.

This rule is adhered to as strictly as circumstances will

permit. Shore duty includes executive or distinctly pro-

fessj-onal duties in the JSTavy Department, under its bureaus,

and at navy yards and stations
;
inspection of ordnance,

machinery, dynamos, &c., under construction by private

firms
;
duty on numerous temporary or permanent boards

j

instructors at the Naval Academy; recruiting duty;

charge of branch hydrographic offices
;
inspection duty in

the lighthouse establishment ;
at state nautical schools

;

as attaches with United States legations ;
and many

others. Naval constructors (usually), civil engineers, and

professors of mathematics are continuously employed on

shore-duty connected with their professions, the Naval

Observatory, Nautical Almanac, and the Naval Academy

employing most of the last.

Warrant officers include boatswains, gunners, carpenters,

sailmakers, warrant machinists, and pharmacists.
^

The

last are limited in number to twenty-five, and are stationed

79

district which the Congressman represents, between fifteen

and twenty years old, and must pass prescribed mental
and physical examinations, Tlie President is allowed ten

i*epresentatives at the Academy at all times, appointed

at hospitals, (kc., ashore. Warrant machinists are at

present limited by law to 150. The number of

the others is at the discretion of the Secretary. The
number in January 1901 was as follows : boatswains, 91 ;

gunners, 95 ;
carpenters, 62 ;

sailmakers, 10. They are

appointed by the Secretary, preference being given to

enlisted men in the navy who have shown marked ability

for the positions. They must be between twenty-one and
thirty-five years of age, and pass an examination. After

serving satisfactorily for one year under an acting appoint-

ment, they receive warrants that secure the permanency
of their office. Ten years after appointment, boatswains,

gunners, carpenters, and sailmakers, are eligible for

examination for a commission as chief-boatswain, &c.,

and as such they rank with, but next after, ensigns.

Mates are rated by the Secretary from seamen or ordinary

seamen. They have no relative rank, but take precedence

of all petty officers. Their duties approximate to those

of boatswains, though they seldom serve on large cruising

vessels. There were but eight on the active list in January

1901. Clerks to pay officers are appointed by the

Secretary on the nominations of the pay officers. They
have no rank and are not promoted or retired. Their

appointments are revoked when their services are no

longer needed.

The enlisted force numbers 20,000, including 2500

apprentices. Boys between fifteen and seventeen years

old of good character, who can read and write and pass

the physical examination, may enlist for the term of their

minority. They enlist as third class apprentices, and are

given six months’ instruction at a training station, and

thence go to sea in apprentice training vessels. When
proficient they are transferred to regular cruising vessels

as second class, and when further qualified are rated first

class. All other enlistments are for four years. First

enlistments are made only in the following ratings and

between the ages specified :

—

Bating.
Years of
Age.

Seamen 21 to 35

Ordinary seamen . 18 „ 30

Landsmen . . . . 18 „ 25

Shipwrights . 21 „ 35

Blacksmiths

.

21 „ 85

Plumbers and fitters 21 „ 35

Sailmakers’ mates

.

21 „ 36

Machinists, first class .

Machinists, second class

21 „ 35

21 „ 86

Electricians, third class , . . 21 „ 36

Boilermakers . . . 21 35

Line OriricERS
Relative
J\riny
Rank.

(Executive
Branch)

Medical Coips. Pay Corps. Naval Constructois. Cull Engitieeis. Chaplains.
Pi ofessors of
Mathematics.

1 admiral
& rear admiraL
9 »

•- General
Major-gen.

70 captaiiib

112 commandeis
170 lieut. -corns.

15 medical directors
15 medical inspectors

13 pay dnectois
13 pay inspectors

5 na\al constiuctois
5 »

2 ci\ il engineers
0

4 chaplains
7 ,,

3 prof. Ol luath.

Brig -gen.

Colonel
Lieut. -col.

55 surgeons 1 40 paymaiteis i 30 na\al constructois 2 13 „1 5 „ Major
and assist, naval

300 lieutenants 110 passed assistant- 30 passed assist,

-

constructors
i »> 99 Captain

rlieutenants
350^ (juniorgrade)

surgeons and
assist. -surgeons. 2

paymasters 2

40 assistant pay-
masters 3

11 »
“

„ •• 1st lieut.

V. ensigns
•• 2 lid lieut.

1021 total. 105 total 136 total 40 total 21 total 24 total 12 total

^ of lieul.-commander or lieutenant. 2 Witli rank of lieutenant, oi lieutenant (junior grade). 3 With rank of lieutenant (junior giade) or eiibign.
Naval coustiiictors with lank ot lieut-comniandei or lieutenant. AbSi&Unt na\al conbtruetoib have rank ol lieutenant, or lieutenant (junioi g adt).
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Ratiiit,

Years of

21 to 3o

21
,

So

21 „ 35

21
,

35

21 30

21
,

28

18 , 2o

21 ,, 3o

21
,

35

18 ,
30

18 30

21 , 35

21
,

3o

21 35

21 35

Coj peiisinitbs

1 11 tintn, faiijt clabb

Fii Linen second class

Coal pibbtrs

Hospital stewards

Hosjital appi entices hist class

j
i| plenties

Olhceis stew aids

Oihteib Looks

Metab atten Iants

bhif s cooks fouith class

M ibi laiis first class

Mubi lans second class

B iJeib
I amtel s

Kecraitb muht speak English Landsmen are usually sent

to sta on special training ships until proficient, and aie

then sent into general service Haw recruits may enlist as

landsmen, or c^'ai passers, or mess attendants Ordinary

seamen must have served two years, and seamen four

years befoie the mast, prioi to first enlistment as such

,

and before enlistment in any other rating allowed on first

enlistment, applicants must prove their ability to hold

such latmg Landsmen, coal passers, dc
,
as soon as they

become proficient, are advanced to higher grades and, if

Ameiican citizens, may eventually become petty officers

(lankmg ^ith aimy non commissioned officers), with
acting appointments In twelve months, or as soon there

alter as proficiency is established, the acting appointment
lb made perminent, and an acting appointment for the
ne^t higher giade is issued, &c Permanent appoint
ments are not revoLable except by sentence of court

martial, and a man re enlists in that rating for which he
held a permanent appointment in his previous enlistment
All persons re enlisting withm four months after expiration
of previous enlistment are entitled to a bounty equal to
four months' pay, and in addition receive a “ continuous
service ceititicate," which entitles them to higher pay and
to other special considerations The same is true for each
re enlistment When an enlisted man completes thirty
:^ears’ seivice and is over fifty yeais of age he may retire

on three-fomths pay
The marine corps constitutes a wholly separate military

body, though under the control of the Navy Department

Jiaiiae
organized, equipped, uniformed, instructed,

corps* drilled similarly to the army, both as infantry
men and artillerymen, and hence may be employed

as soldiers either afloat or ashore The corps is commanded
by a bngadier general, with headquarters in Washington,
who beais to the Secretaiy a relation similar to that of a
chief of bureau The general has a general staff of ten
members, and the remammg officers allowed by law are as
follows 5 colonels, 5 lieutenant-colonels, 10 majors, 60
^pUins, 60 first lieutenants, and 60 second lieutenants
Although the organization closely follows the army system
regimental or even permanent battalion organizations are
impracticable, owing to their numerous and widelv-
saparated stations Practically all shore stations have
bracks where marines are enlisted and drilled At
these pl^s they also do sentry, police, and orderly
duties Prom such stations they are sent to ships for

duty Nearly all ships carry a body of marinesknown as the guard, varying m size from a few mencommand<^ by a sergeant, on small ships, to eighty or
more, with one or more commissioned officers, on largevessek It 18 customary to cause ah marines to seiwe

^ of the four years of each enlistment. OnImrd ship they perform sentry and orderly duty, andm pol^ duties They are also instructed m many
^r^imng to the navy, as rowing, naval signal-

gnn dnil, <fec In action they act as riflemen, and

on many ships serve a portion of the guns Whtil cii

cumstances require a force to be landed fioin ships pit scut

to guard American interests in foreign countnes, legitions,

(fee
,
the marine guard is usually sent, though, if numtiii

ally insufficient, sailors aie landed also Laigc bodies of

marines are sometimes sent in tianspoits foi tins pinpose

from other stations Maimes also gariison places biyoiid

the teiritorial limits of the United States which lu

under navy control The enlisted force nuuibeis GOOO
Candidates for first enlistment must be between the ages

of 21 and 35 and unmairied, must be citi/ens of the

United States, be able to read, write, and speak Eng
lish, and pass a physical examination Second lieu

tenants are appointed fiom civil life after examirution
or from the graduates of the Naval Academy Piomo
tion IS by semoiity as in the navy Occasioiul oppor-

tunities aie also given meritorious enlisted men to seeiue

commissions

Navy and Marine Corps 1\\ Tvnris

Table I

—

Active List Officers of the Line^ Mt Inal an I

Fay Corjps of the Navy^ and of t/u Man no
Corps

Rank

I

()i S i

1 I it> r

SI I I»»t\

1

I y( I 1 I

St I

Or

Admiral
Rear admirals

—

Fust nine
Second nine

|

Chiefs of bureaus ara biigadier geiieial
comm'indant of marine corps

Captains, navy f

Judge advocate general and colonels, luariuc
C3rps Ime and staff

Commanders, navy
Lieutenant colonels marine corps, line and

staff

Lieutenant commanders, navy
Majors, marine corps, line and staff
Lieutenants navy
Captains, marine corps

—

Line
Staff

Lieutenants (junior grade), navy
First lieutenants and leadei of I and, nuiine

corps
Ensigns, navy
Second lieutenants, marine corps, chief

boatswains chief gunners, chief car
penters and chief sailmaktrs

V *^>00

7 ')30

,•>00

3/>00

3,')00

J,000

3,000
2 500
2 500
1,800

1 800
2 000
l,c00

1,500
1,400

1,400

13
"*00

0 17 >

1 675

^ 00
2 075

1 5U0
2 550

3 000
i,l2>
2 00
1 **30

1 800
2,000
1,275

1 >00

1,190

1,400

hemarks »

^ officers paid under this table below the rank of rtai admii-il
or brigadier general are entitled by kw to 10 per cent upon the
full yeaily pay of then gradts for each and every penod of hveyears semte, as increase foi length of service, or ‘ longevity p ly

’

computed upon their total actual service in army, navyfand mLniecorps prouded that the total amount of such incrSe shSl not
yearly pay of the grade and pro

^ marines shall not exceed $4500 per annum, and that of a commandOT m the navy or lieutenant colonel of marmes $4000 per

admSd^it’^*12r^AD“'+R*“^
commutation for quarters of the

commissioned officers of the lineand of the medical and pay corps of the navy, and all offioe4of the marine corps, are entitled to public quarters while

zsrK s^”A"gr„y.g..^-
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First

Date
6 Years after

of Commission
Second 5 1 ears after
Date of Commi-^sion

Thud 5 1 ea s after
Date of Commibbioi

Fouith a Iciib aftc

D ite oi Con misbioi
After 20 \ ears from
Date of Comm ss on

Rank

At Sea

On
Shore

On
Leave On

Shore

On
Leave On

Shore

On
Leave On

Shore

On
Ltave Oi On

Leave
or

other wait At Sea or
other

or
wait

At Sea 01

otl er

or
wa t

At Sea 01
otl er

or
vva t

At Sea rr
01

wait
Duty

Orders Dutj ing
Ordeis

D ity
11

Old rs
Duty mg

Ordtis D t>
^ a

Or lersa

Naval cadets

—

b $
—

In other than piac
b b b b s b s S s

tice ships

At Na\al Academ\
and elsewhere 500 500 500

Chaplains
Professors of mathe

2500 2000 1600 2800 2300 1900

matics and civil

en^neers 2400 2400 1500 2700 2700 1800 3000 3000 2100 3500 3500 26'10
Naval constructois 3200 3200 2200 3400 3400 2400 3700 3700 2700 4000 4000 3000 4200 4200 3200

First 4 \ eais aftei Date Second 4 Years after Date After S Yeais fioiii Datt,
01 Appoint: lent of Appointment of Appomtmei t

Assistant na\al con S $ % s s b
stiuctois 2000 2000 IjOO 2200 2200 1700 2600 2600 1900

Fust 3 Years after Date Secon 131 ears aftei Date Third 3 lears after Date Foul th 3 Yeai s aftci Datt Aftei 1 A ais fiom Date
of Appointment of Appomtu ent ofAi pomtment of Appomti lit of Anointment

|

Wairant officeis

—

Boatswains gun
nera, carpenteis
sailrnakeis phai

8 $ b $ S 8 $ % s b b b b b

macist«^ and war
lant rnaohinibts 1200 . 900 700 1300 1000 800 1400 1300 900 1600 1300 1000 1800 1600 1200

On
Lea\e

At Sea SI ore
Duty

or
wait

1

ing
Oi lers

Mates

—

b b b

Those in sei vice 1st

August 1894
Those appointed

1200 900 700

since QOO 700 500

All officers paid under this table are allowed 30 cents pei daj when attached to a sea going vessel as a commutation for rations

Uaval cadets are allowed this amount at all times

Table III—Fetty Officeis^ Enluted Men^ <Lc—Xaxy
CLAbbIFK ATIO^ A.^D PAl

Chief Petty Officers

Seaman Branch
SAk
S

Artificer Branch f >

s

bpecial Blanch £
gs

Chief masters at aims
%
65 Chief machinists

b
70 Chief } eomeu .0

Chief boatswains mates 50 Chief carpenters mates 50 Hospital stew aids 60

Chief gunnels mates 50 Chief electricians 60 Bandmaster b 52

Chief gun captains 50

Chief quarteimasters 50
Petty Officers—First Class

Masteis at aims fifst class 40 Machinists fixst class 55 Fust musicians 36

Boatswains mates, first class 40 Boileimakers 60 Yeomen, fiist class 40

Gunners mates, fiist class 40 Coppeismiths 50

Gun captains, first class 40 Blacksmiths 50

Quartei masters first class 40 Plumbers and fitters 45

Schoolmasters 40 Sailmakers mates 40

Carpenters mates, fiist class 40

Water tender^ 40

Electiicians, first class 50

Petty OffLers—Secoxhd Class

Masteis at arms, second class ' 35
1

Machinists, second class 40 Yeoman, second class 35

Boatswains mates, second class 35
!

Oilers 37

Gunners mates second class 36 Carpenters mates, second class 35

Gun captains, second class 35 Printers 35

Quartermasters, second class 36 Electricians, second class 40

Petty Officers— Third Class

Masters at arms, third class 30 Carpenters mates, third class 30 Yeomen, third class 30

Coxswains (1) 80 Painters 30 Hospital apprentices, first class 30

Gunners mates, third class 30 Electricians, third class 30

Quartermaster, third class 30

SI — II
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Table III .—Petty Officers, Enlisted 2Ieii, (Lx.—continued.

Seiman BrauLli

Seamen giinneis .

Seamen
Apprenticefa, fiibt class

.

Ordinary seamen .

Appi entices, second class

Landsmen
Ai>pientices, thixd class

Stewards to commanders-in-eliief
Cooks to coinmanderb-m-ehief
Stewards to commaudantb .

Cooks to commandants
Cabin stewaids ....
Cabin cooks ....

Artihcei Bianch
|£

Special Biaucli.

j

D hH

Sectnuii—Fitst Class

Firemen, fust class 35 hEusluans, first class . 1 32

Seamen—Second Class

Firemen, second class . 30 Musicians, second class 30
Shipwrights .... 25 Buglei^ 30
Sailmakeis 25 Hospital ap

2ireiitiees . 20

Seamen—Third Class.

Coal passers .... 22

Messmen Branch.

Waidioom stewaids 37 Ship’s cooks, first class .
.

|

35
"Waidioom cooks.... 32 Ship’s cooks, second class . . i 30

25
Steel age ste'ivaids 25 Ship’s cooks, thud class . . I

Ship’s cooks, fouith class . .

Steel age cooks .... 22 2 oWan ant ofiieers’ stewaids . 24 Mess attendant's . . .

.

j

d;
Warrant offieeis’ cooks 20

.ciuj xuau udb icceiyea an nononiaDie aiscnirge trom His last term of enlistment, who le-onlistc ior a teiin oi lour us uifhin

5“™x Sot—t: **' »““ “ '*•w '» I* ‘“•"s i»

T4BLE 1\\—Nonrcommissioned Officers, Musicians, <md Privates.—Marine Corps.

First Enlistment, or first 5 Years.

Pir&t
Year.

Second
Year.

Third
Year

Fourth
Year

Fifth
Year

$ % $ % $>

34 34 35 36 37
84 34 35 36 37
25 25 26 27 28
85 35 86 37 38
25 25 26 27 28
18 18 19 20 21
15 15 16 17 18
13 13 14 15 16
13 13 14 15 16

125 125 125 125 125
75 75 76 77 78
60 60 60 60 60
50 60 60 50 50

,

Second Thud loinlh
re-enlistment, re-enlistment, re-uilistment, le-t nlistnu ntor ^cond 6 or third 5 m lourth 5 oi lilt h '>

Years. Years Y>ais.

Seigeant-major

Quartermaster-sergeant .

Drum major .

Gmineiy sergeant .

First sergeant

Sergeant

Corporal

Drummer and tiumpeter
Private ....
Leader of the band .

Second leader of band .

Musician, fiist class

Musician, second class .

The mcessaat changes in vylter^el and its distribution
render a comprehensive description of this subject of little

Matiriel. ephemeral value. On 1st January

naw Ikt !
were 239 vessels of aU classes on thenavy list, and 6 ( more under construction.

Table A. Completed Vessels—Modern Construction.

IpXLl”''- • • 8.200 to 9,215 ::

3 Coated
:: ;

•

J9 gunboats
i vio

”
6 monitors

. .
’^

000 +°

1 harbour-defence ram
* ’

1 dynamite cruiser . ,

*

*qoq
20 torpedo boats

. .

* t »*

I boat (submarine)
] 73

^ ”
|

during tim Spamsh war. Many are now in conimi&hionand may be retained in service indefinitely.

Table B. Auxiliary FiylUrntj
5 converted cimsers

. . . 4260 to 6S8S tons.
4 „ yachts

. . . 806 to 2690 „
o » ... 302 to 786 „

26 „ tugs . . . - 160 to SiO

r£s“S (?“p‘
I

^oMest dating Deoember 1885, and the ^STSity
I^fct commissioned since 1890, and mo^t buatSto 1890 have since been rebuilt. Next in order ofmLS«ffiMfincyare the converted vessels purchaL p2r tow

There are also 26 gunboats captured or purchased from

fctSt^^“ tons, aJii;twactenstics from single-screw iron boats to twin-screwsteel craft of late design and high efScieney.

Table C. AuxiliariGs.
«.

^fegships : : : :

:
: : !m

iStransport: ’ S ’’

K unarmed tug. . . , ;
jg® ..

41

andtffiSr? ol<iconstructionarestmseaworthvaud efficient for their type, and many are in comSIbn-
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Table D. Old Construction.

8 single-tuilet non monitors.

2

iron steam cruiseis.

2 ,, paddle gunboats.
7 wooden steam cimsers.

1 5 3 torpedo boat of 17 knots speed.

20

Table E. Ine£icient.

22 wooden sailing yessels, mostly unserviceable, except as
ceivmg ships, &c.

re-

Table F, Under Construction.

10 1st class battleships

6 armouied cruisers ,

3 protected
,,

^ jj )j •

4 monitors

1 gunboat
6 submarine boats ,

1 torpedo craft

.

11,52;5 to 15,000 tons.

13,600 to 14,000 „
9,600 „

165 to 420
’’

67

United States naval vessels are, as a rule, built at private

yards under contracts awarded after competition. The
Government is not committed to any fixed policy or
building programme. Each year the Secretary recom-
mends certain new construction. The final action rests

with Congress, which must appropriate money for the new
ships before the construction can be commenced, llepaii-

ing and reconstruction aie usually done at Government navy
yards.

Ships in commission aie distributed among five stations :

(1) the North Atlantic, which includes the Atlantic coast of

the United States, Central Ameiica, and South
America as far as the xA.mazon, also the West
Indies' (2) the South Atlantic, which includes

the remainder of the Atlantic coast of South America and
both coasts of South xVfiica

; (3) the European, which com-
prises the coast of Europe, including the inland seas, and the
Noith Atlantic coast ot Africa

; (4) the Asiatic station, com-
prising the coast of Asia, including the islands noith of

the equator, also the east coast of Noith Afiica; (5) the
Pacific station, comprising the Pacific coast of North and
South America, and Australia and the adjacent islands

lying south ot the equator. Each station is commanded
by a flag officer, and the number of ships under the

command varies according to circumstances. Ships in

commission on special service, such as tiainmg, gunnery,

surveying ships, ifec., are not attached to stations. The
shore stations of the navy are enumerated in the article on
Dockyards. (av. t. s.)

Admiralty, Cinque Ports Court of.—
The Court of Admiralty for the Cinque Ports exercises a
co-ordinate but not exclusive Adncdralty jurisdiction over

persons and things found within the territory of the

Cinque Ports. The limits of its jurisdiction were declared

at an inquisition taken at the Court of Admiralty, held

by the seaside at Dover in 1682, to extend from Shore

Beacon in Essex to Eedcliff, near Seaford, in Sussex
;
and

with regard to salvage, they comprise all the sea between
Seaford in Sussex to a point five miles off Cape Grisnez on
the coast of France, and the coast of Essex. An older

inquisition of 1526 is given by Mr Marsden in his Select

Fleas of the Court of Admiralty^ II. xxx. The court is an
ancient one. The judge sits as the official and com-
missary of the Lord Warden, just as the judge of the High
Court of Admiralty sat as the official and commissary of

the Lord High Admiral. And, as the office of Lord Warden
is more ancient than the ofiice of Lord High Admiral

{fFlie Lord Warden v. King in his office of Admiralty,

1831, 2 Hagg. Admy. Eep. 438), it is probable that the

Cinque Ports Court is the more ancient of the two.

The jurisdiction of the court has been, except in one

matter of mere antiquarian curiosity, unaffected by statute.

It exercises only, therefore, such jurisdiction as the High
Court of Admiralty exercised, apart from the restraining

statutes, 13 Eic. II. c. 5, 15 Eic. 11. c. 3, and the

enabling statutes, 3 and 4 Yict. c. 65, and 24 Viet. c. 10.

Cases of collision have been tried in it (the Vivid,” 1

Asp. Maritime Law Gases, 601). But salvage cases

(the ‘^Clarisse,” Swahey, 129 ;
the “Marie,” Laio. Eep. 7

P.D. 203) are the principal cases now tried. It has no

prize jurisdiction. The one case in which jurisdiction has

been given to it by statute is to enforce forfeitures under

5 Eliz. c. 5.

Mr Arthur Cohen, K.C., is the present judge. His

predecessor was Dr (afterwards the Eight Hon. Sir

Eobert Joseph) Phillimore, who succeeded his father in

the same office, and was judge from 1855 to 1875. As Sir

Eobert Phillimore was also the last judge of the High
Court of Admiralty, from 1867 (the date of his appoint-

ment to the High Court) to 1875, the two offices were

probably for the first time in history held by the same

person. The appointment is by the Lord Warden. Dr
Phiilimore’s patent had a grant of the “place or office of

judge official and commissary of the Court of Admiralty of

the Cinque Ports, and their members and appurtenances,

and to be assistant to my lieutenant of Dover castle in

all such affairs and business concerning the said Court of

Admiralty wherein yourself and assistance shall be re-

quisite and necessary.” Ot old the court sat sometimes
at Sandwich, sometimes at other ports. But the regular

place for the sitting of the court has for a long time been,

and still is, the aisle of St James’s Chuich, Dover. For
convenience the judge often sits at the Eoyal Courts of

Justice. The office of marshal in the High Court is

represented in this court by a serjeant, who also bears a
silver oar. There is a registrar, as in the High Court.

The appeal is to the queen in council, and is heard by
the judicial committee. The court can hear appeals from
the Cinque Ports salvage commissioners, such appeals

being final (1 and 2 Geo. IV. c. 76, § 4). Actions may be
transferred to it, and appeals made to it, from the county

courts in all cases arising within the jurisdiction of the

Cinque Ports as defined by that Act. At the solemn

installation of the Lord Warden the judge as the next

principal officer installs him.

Tlie Cinque Ports from the earliest times claimed to be

exempt from the jurisdiction of the admiral of England.

Their early charters do not, like those of Bristol and other

seaports, express this exemption in terms. It seems to

have been derived from the general words of the charters

which preserve their liberties and privileges

The Lord Warden’s claim to prize was raised in, but not

finally decided by, the High Court of Admiralty in the
“ Ooster Ems,” 1 C. Eoh. 284, 1783.

See Boys. Sandwich and Cinque Ports,

—

Knocker. Grand
Court of Shejpway, 1862. (w. G. F. P.)

Admiralty, Hisrh Court of.—The High
Court of Admiralty was the court of the deputy or

lieutenant of the admiral. It is supposed in the Black

Booh of the Admiralty to have been founded in the reign

of Edward I.
j
but it would ai)pear, from the learned dis-

t enssion of Mr Marsden, that it was established as a civil
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court by Edward III. in the year 1360 ;

the power of the

admiral to determine matters of disciplme m the fleet,

and possibly questions of piracy and prize, being soniewhat

earlier. Even then the court as such took
_

no
_

formal

shape ;
but the various admirals began to receive in their

patents express grants of jurisdiction with powers to

appoint lieutenants or deputies. At first there were

aepardte admirals or rear-admirals of the north, south,

and west, each with deputies and courts. A list oi

them wdb collected by Sn H. Spelman. These were

merged in or absorbed by one high court early in the

ir)th cental y. Sir Thomas Beaufort, afterwards earl of

Dorset and duke of Exeter (appointed admiral of the

deet, y Henry IV., and admiral of England, Ireland, and

Aquitaine 1412, 'v\hich latter office he held till his death in

1417), certainly had a court, with a marshal and other

officers, and forms of legal process—^mandates, warrants,

citations, compulsories, proxies, <fec. For the subject

matters of the ancient Admiralty jurisdiction it^is usual

to refer to the inquisition of Queenborough in 1375.

Complaints of encroachment of jurisdiction by the

Admiralty courts led to the restraining Acts, 13 Ric.

11. c. 5, 15 Ric. IL c. 3, and 2 Hen. IV. c. 11.

The original object of the institution of the courts or

court seems to have been to prevent or punish piracy and

other crimes upon the narrow seas and to deal with

questions of prize
;

but civil jurisdiction soon followed.

The jurisdiction in criminal matters was trans-

d'ctloa
by 28 Hen. VIIL c. 1 5 to the admiral or his

deputyand three or four other substantial persons

appointed by the Lord Chancellor, who were to proceed

according to the course of the common law. By 4 and 5

Will. IV. c. 36, cognizance of crimes committed within

the jurisdiction of the Admiralty was given to the central

criminal court. By 7 and 8 Yict. c. 2, it has been also

given to the justices of assize
j
and crimes done within the

jurisdiction of the Admiralty are now tried as crimes com-
mitted within the body of a county. See also the

Criminal Law Consolidation Acts of 24 and 25 Victoria.

From the time of Henry IV. the only legislation affect-

ing the civil jurisdiction of the High Court of Admiralty till

the time of Q^een Victoria is to be found in § 10 of 32 Hen.
VIIL c. 14, enabling the admiral or his lieutenant to decide
on certain complaints of freighters against shipmasters for

delay in sailing, and § 34 of 5 Eliz. c. 5, giving the Lord
High Admiral of England, the Lord Warden of the Cinque
Ports, their lieutenants and judges, co-ordinate power
with other judges to enforce forfeitures under that Act

—

a very curious and miscellaneous statute called “ An Act
for the Maintenance of the Navy.”

In the Act 25 Hen. VIII. c. 19, with regard to ecclesi-

astical appeals from the courts of the archbishops to the
Crown, it is provided that the appeal shall be to the king
m Chancery, “and that upon every such appeal a com-
mission shall be directed under the great seal to such
persons as shall be named by the king’s highness, his
heirs or successors, like as iu cases of appeal from the
Admiralty Court.” The appeal to these “persons,” called
delegates, continued until it was transferred first to the
Privy Council and then to the judicial committee of the
Privy Council by the statutes 2 and 3 WiU. IV. c. 92, and
3 and 4 Will. IV. c. 41.

The early jurisdiction of the court appears to have been
exercised very much under the same procedure as that used
by the Courts of Common Law. Juries are mentioned,
sometimes of the county and sometimes of the county and
merchants. Rut the connexion with foreign parts led to the

introduction of a procedure resembling that coming
mtouse on the Continent and based on theRoman civil lav^

j

THk© statute 28 Hen. VIIL c. 15, states the cffijection to this i

IGH COURT OF
I application of the civil law to the trial of criminal ca'^es

with much force: “After the course of the civil laws,

the nature whereof is that before any judgment of death

can be given against the ofienders, either they must plainly

confess their offences (which they will never do without

torture or pain), or else their offences be so j^lainly and

directly proved by witness indifferent such as saw Ihcir

offences committed, which cannot be gotten but by chance

at few times.”

The material enactments of the restraining statutes

were as follows:—13 Ric. IL c. 5 provided that “the

admirals and their deputies shall not meddle

from henceforth of anything done within the

realm, but only of a thing done upon the sea,

as it hath been used in the time of the noble prince king

Edward, grandfather of our lord the king that now is.”

15 Ric. II. c. 3 provided, that “of all manner of contracts,

pleas, and quarrels, and other things rising within tlie

bodies of the counties as well by land as by water, and

also of wreck of the sea, the admiral’s court shall have no

manner of cognizance, power, nor jurisdiction
;

but all

such manner of contracts, pleas, and quarrels, and all

other things rising within the bodies of counties, as well

by land as by water, as afore, and also WTeck of the se<i,

shall be tried, determined, discussed, and remedied by tlie

laws of the land, and not before nor by the admiral, nor

his lieutenant in any wise. Nevertheless, of the death of

a man, and of a maihem done in great ships, being and
hovering in the main stream of great rivers, only beneath

the [bridges] of the same rivers [nigh] to the sea, and in

none other places of the same rivers, the admiral shall

have cognizance, and also to arrest ships in the great flot<‘S

for the great voyages of the king and of the realm
;
saving

always to the king all manner of forfeitures and profits

thereof coming; and he shall have also jurisdiction u})on

the said flotes, during the said voyages only
;
saving always

to the lords, cities, and boroughs, their liberties and
franchises,” 2 Hen. IV. c. 11 adds nothing by way of

definition or restriction, but merely gives additional

remedies against encroachments, providing heavy fines for

those who improperly sue in the court, and those officials

of the court who improperly assert jurisdiction. It was
repealed by 24 Viet. c. 10. The statutes of Richard,
except the enabling part of the second, were repealed by
42 and 43 Viet. c. 59. The formation of a High Court of
Justice rendered them obsolete.

In the reign of James I. the chronic controversies
between the Courts of Common Law and the Admiralty
Court as to the limits of their respective jurisdictions
reached an acute stage. We find the records of it in the
second volume of Mr Marsden’s Select Pieces in the Gcnvrt

of Admiralty, and in Lord Coke’s writings : Reports, part
xiiL. 51 ; Institutes, part iv. chap. 22. In this latter
passage Lord Coke records how, notwithstanding an
agreement asserted to have been made in 1575 between
the justices of the Bang’s Bench and the judge of the
Admiralty, the judges of the Common Law Courts suc-
cessfully maintained their right to prohibit suits in Ad-
miralty upon contracts made on shore, or within havens,
or creeks, or tidal rivers, if the waters were within the
body of any county, wheresoever such contracts were
broken, for torts committed within the body of a county,
whether on land or water, and for contracts made in parts
beyond the seas.^ It is due to the memory of the judges
of Lord Coke s time to say that, at any rate as regards
contracts made in partihus transmarinis, the same rule
ap^ars to have been applied at least as early as 36 Hen.
Vni., the judges then holding that “for actions transitory
abroad action may lie at common law.”

All the while, however, the patents of the Admiralty
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judge purported to confer on Inm a far ampler jurisdic-

tion than the jealousy of the other courts would

patenL
coi^cede to him. The patent of the last judge
of the court, Sir Eobert Joseph Phillimore,

dated 23rd August 1867, styles him Lieut. Off\ Princb
and Commissary Gen^ and Special in our High Court of

Admiralty of Eng. and President and Judge of the same,”
and gives to him power to take cognizance of all causes,

civil and maritime, also all contracts, complaints, offences

or suspected offences, crimes, pleas, debts, exchanges,
accounts, policies of assurance, loading of ships, and all

other matters and contracts which relate to fi eight due
for the use of ships, transportation, money, or bottomry

;

also all suits civil and maritime between merchants or

between proprietors of ships and other vessels for

matters in, upon, or by the sea, or public streams, or

fresh-water ports, rivers, nooks, and places overflown

whatsoever within the ebbing and flowing of the sea and
high-water mark, or upon any of the shores or banks
adjacent from any of the first bridges towards the sea

through England and Ireland and the dominions thereof,

or elsewhere beyond the seas.” Power is also given to

hear appeals from vice-admirals; also “to arrest . . .

according to the civil laws and ancient customs of our

high court ... all ships, persons, things, goods, wares,

and merchandise ”
;
also “ to enquire by the oaths of honest

and lawful men . . . of all . , . things which . . . ought

to be enquired after, and to mulct, arrest, punish, chastise,

and reform”; also “to preserve the public streams of our

Admiralty as well for the preservation of our royal navy,

and of the fleets and vessels of our kingdom ... as of

whatsoever fishes increasing in the rivers also “ to reform
j

nets too straight and other unlawful engines and instru- I

ments whatsoever for the catching of fishes ”
;

also to take

cognizance “of the wreck of the sea . . . and of the

death, drowming, and view of dead bodies,” and the con-

servation of the statutes concerning wreck of the sea and
the office of coroner [3 and 4 Edw. I.], and concerning

pillages [27 Edw. III. J, and “the cognizance of mayhem

”

within the ebb and flow of the tide; all in as ample

manner and form as they were enjoyed by Dr David

Lewis [judge from 1558-84], Sir Julius C^esar, and the

other judges in order (22 in all) before Sir Eobert Philli-

more. This form of patent differs in but few respects

from the earlier Latin patents—tempore Henry VIIL

—

except that they have a clause non ohstantihm statutis.

As has been said, however, the contention of the

Common Law judges prevailed, and the Admiralty Court

(except during a temporary revival under Crom-
Modem

-v^ell) sank into comparative insignificance during
progress.

Century. The great maritime wars of

the 18th century gave scope to the exercise of its prize

jurisdiction; and its international importance as a prize

court in the latter half of the 18th and the first part of

the 19th centuries is a matter of common historical know-

ledge.

There were other great judges
;
but Sir William Scott,

afterwards Lord Stowell, is the most famous. Before his

time there were no reports of admiralty cases, except Hay
and Marriott^s prize decisions. But from his time on-

wards there has been a continuous stream of Admiralty

Eeports, and we begin to find important cases decided on

the instance as well as on the prize side.

In the reign of Queen Victoria, two enabling statutes,

3 and 4 Viet. c. 65 and 24 Viet. c. 10, were passed and
greatly enlarged the jurisdiction of the court. The manner
in which these statutes were administered by Dr. Lushing-

ton and Sir E. Phillimore, whose tenure of office covered the

whole period of the Queen’s reign till the creation of the

High Court of Justice, the valuable assistance rendered by
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the nautical assessors from the Trinity House, the great in-

crease of shipping, especially of steam shipping, and the
number and gravity of cases of collision, salvage, and dam-
age to cargo, restored the activity of the court and made it

one of the most important tribunals of the country In

1875, by the operation of the Judicature Acts of 1873 and
1875, the High Court of Admiralty was with the other great

courts of England formed into the High Court of Justice.

The principal officers of the court in subordination to

the judge were the registrar (an office which ah\ays
points to a connexion with canon or civil law), and the

marshal, who acted as the maritime sheriff, having for

his baton of office a silver oar. The assistance of the

Trinity Masters, which has been already mentioned, w^as

provided for in the charter of incorporation of the Trinity

House, These officers and their assistance have been pre-

served in the High Court of Justice.

See Sir Teaveks, Twi'^s. Black Booh 6f the Admiralty, Rolls
series.

—

Marsdek. Select Pleas %n the Court of Admiralty,
published by the Selden Society.

—

Gobolphin. Vzem of the Ad-
miral JarLsdiction. ('VV. q., p. p

Admiralty Jurisdiction.—The courts by
which, as far as we know, Admiralty jurisdiction in civil

matters was first exercised w’ere the following. In and
throughout England the courts of the several admirals soon
combined into one High Court of Admiralty. Within the

territories of the Cinque Ports the Court of Admiralty of

the Cinque Ports exercised a co-ordinate jurisdiction. In
certain towns and places there were local courts of Vice-

Admiralty. In Scotland there existed the Scottish High
Court of Admiralty, in Ireland the Irish High Cc urt of

Admiralty. Of these courts that of the Cinque Ports

alone remains untouched. The Scottish court was ab-

sorbed, and its jurisdiction given to the Court of Session

by 11 Geo. IV. and 1 Will. IV. c. 69—not, however, till a
decision given by it and the appeal therefrom to the

House of Lords had established a remarkable rule of

Admiralty law in cases of collision (Hayv. Le Xeve^ 1824,

2 Shaw, Sc. App, Cas, 395). The local Vice-Admiralty

Courts in England had ceased to do much work when
they were abolished by the Municipal Corporations Act,

1835 ;
the High Court became, with the other superior

courts, a component part of the High Court of Justice by
virtue of the Judicature Acts, 1873 and 1875. And the

Irish court has in like manner become a part of the

High Court of Justice in Ireland by the Judicature Act
for that country.

As England first, and Great Britain afterwards, acquired

colonies and possessions beyond seas, Vice - Admiralty
Courts were established. The earliest known
was that in Jamaica, established in the year Admiralty

1662. Some Vice - Admiralty Courts which Courts,

were created for prize purposes in the last century were
suffered to expire after 1815. In the year 1863, when
the Act regulating the Vice-Admiralty Courts was passed,

there were Vice-Admiralty Courts at Antigua, Bahamas,
Barbadoes, Bermuda, British Columbia, British Guiana,

British Honduras, Cape of Good Hope, Ceylon, Dominica,

Falkland Islands, Gambia Eiver, Gibraltar, Gold Coast,

Grenada, Hong Kong, Jamaica, Labuan, Lagos, Lower
Canada (otherwise Quebec), Malta, Mauritius, Montserrat,

Natal, Nevis, New Brunswick, Newfoundland, New South
Wales, New Zealand, Nova Scotia (otherwise Halifax),

Prince Edward Island, Queensland, Saint Christopher,

Saint Helena, Saint Lucia, Saint Vincent, Sierra Leone,

South Australia, Tasmania, Tobago, Trinidad, Vancouver’s

Island, Victoria, Virgin Islands (otherwise Tortola),

Western Australia. By the Act of 1867 one for the

Straits Settlements was added. These courts have been

regulated from time to time by the following statutes:
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Courts.
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2 Will. IV. c. 26 Viet. c. 21 already cited, and

30 and 31 Viet. c. 45. In 1890 the Colonial Courts

of Admiralty Act provided that, except in the colonies

of Xew South Wales, Victoria, Saint Helena, and British

Honduras, Vice - Admiralty Courts should be abolished,

and a substitution made of Colonial Couits of Admiralty.

There is power, however, reserved to the Crown to erect

through the Admiralty in any British possession any Vice-

Admiralty Court, except in India or any British possession

having a representative legislature. No Vice-Admiralty

Court so established can exercise any jurisdiction except for

some purpose relating to prize, the royal navy, the slave

trade, foreign enlistment, Pacific Islanders’ protection, and

questions relating to treaties or conventions on inter-

national law. Vice-Admiralty Courts exercised all usual

Admiralty jurisdiction, and in addition a certain revenue

jurisdiction, and jurisdiction over matters of slave trade

and prize (royal navy) and under the. Pacific Islanders’

Protection Act. The appeal from Vice-Admiralty Courts

used to lie to the High Court of Admiralty of England,

but has been transferred to the King in Council.

Modern statutes have given Admiralty jurisdiction to

the county courts in the following matters :—Salvage,

where the value of the salved property does not

exceed .£1000, or the claim for reward £300;
towage, necessaries, and wages, where the claim,

does not exceed £150; claims for damage to cargo, or
by collision, up to £300 (and for sums above these

prescribed limits by agreement betw^een the parties)

;

and claims arising out of breaches of charter parties and
other contracts for carriages of goods in foreign ships, or
torts in respect thereof up to £300. This jurisdiction is

restricted to subjects over which jurisdiction was possessed
by the High Court of Admiralty at the time when the first

of these Acts was passed, except as regards the last branch
of it (The Aline,” 1880, 5 Ex. Div. 227

;
v. Jud^e

of Citi/of London Courts 1892, 1 Q.B. 272). In analogy
with the county court Admiralty jurisdiction created in
England, a limited Admiralty jurisdiction has been given
in Ireland to the recorders of certain boroughs and the

|

chairmen of certain Quarter Sessions
;
and in salvage cases,

where a county court in England would have jurisdiction,
magistrates, recorders, and chairmen of Quarter Sessions
may have jurisdiction as official arbitrators (57 and 58
Viet, c. 60, § 547). In Scotland, Admiralty suits in cases
not exceeding the value of £25 are exclusively tried in the
ShenfiT’s Court

; while over that limit the Sheriff’s Court
and the Court of Session have concurrent jurisdiction.

^

By the Act I and 2 Geo. IV. c. 76, an arbitral jurisdic-
salvage was given to certain commissioners

of the Cinque Ports.

•
from county courts and commissioners

IS to the High Court of Justice, and is exercised by a

Appeals. Probate, Divorce, and

n’ -o
Division. In cases arising within the

Unque Ports there is an optional appeal to the Admiralty
Comt of the Cinque Ports. The appeal from the High
Court of Justice is m ordinary Admiralty matters, as in
^hers, to toe Court of Appeal, and from thence to the
Hoime of Lords. But it is specially provided by the
Judicature Act 1891, as it was by the Prize Act 1864

C^ncto
Sovereign m

The uifforturiate provisions of the Legislature, giving
to the j^ctxon of county courts different monJy limitsm Admiralt:^ Equity, and Common Law cases, make the

the Admiralty
j^diction and other civil cases of practical moment in
those courts. Arguments full of learning and research^ iiiia researenUm beea addressed to the courts, aud weighty decisions

have been given, upon questions which would never have

arisen if the county courts had not a larger money area

of jurisdiction in Admiralty cases than they have

in other matters (Beg. v. Judge of City ofLondon

Court, 1892, 1 Q.B. 273; The ‘^Zeta,” 1893,

Apjp. Cos. 468). But as regards toe high courts, whctlier

in England, Scotland, or Ireland, it is not now neces-

sary to distinguish their civil Admiralty juiisdictiou

from their ordinary civil jurisdiction, except lor the pur-

pose of seeing whether there can or cannot be process in

rem. Not that every Admiralty action can ot light bo

brought in rem, but that no process in rem lies at the sTiit

of a subject unless it be for a matter of Adinir.dty juris-

diction—one, for instance, that could in England have been

tried in the High Court of Admiralty. Now these matters

of Admiralty jurisdiction with process in rem range them-
selves under four primary and four supplementary lieads.

The four primary are damage, salvatrc, bottomry, w%ag(‘s;

and the four supplementary are extensions due to one or

other of the statutes 3 and 4 Viet. c. Go, and 2 1 Viet,

c. 10. They are damage to cargo carric<l in a sliip, nc<*es-

saries supplied to a ship, mortgage of vsliip, and inastcn’’s

on account of a ship.

In all these cases, primary and secondary, the process

which a plaintiff can avail himself for redrc'^s, may ho
either in personam as in other civil suits, or ]jy arrest of the
ship, and, in cases of salvage and }>ottoinry, the cargo.

Whenever, also, the ship can bo arrested, any fn4<iht due
can also be attached, by arrest of the cargo to 11 le (‘xtcnit

only of the freight which it has to pay. Eor the purpo-,(3

of ascertaining whether or not process In rem would li(»,

there have been distinctions as nice, and the line < J Ad-
miralty jurisdiction has been diawn as carefully, as in
the cases of the Admiralty jurisdiction of the" county
courts (The ''Theta,” 1894, Proh. 280; The "(law Iloaxi
Whitton,” 1897, App. Cas. 337). There liavc Ikhti
similar questions raised in the United Stalow, from J)e
Lovio V, Poit (1815, 2 Gallison, 39<s), and Ilftmsttt/ v,
Allegre (1827, 12 Wheaton, 611), down to the (piitc nnJdern
cases which will be found quoted in the arguments ami
judgments in toe " Float Whitton.”

The disciplinaryjurisdiction at one time exercised by tho
Admiralty Court, over both the royal navy aiid merchant
vessels, may he said to be obsolete in time of
peace, the last remnant of it being suits against
merchantmen for flying flags appropriate to men-
of-war (The “Minerva,” 1800, 3 C. Hob. 31), a matter
now more effectively provided against by the Merchant
Snipping Act, 1894. In time of war, howe%’'CT, it was
exercised in some instances as long as the Admiralty Court
I^ted, and is now in consequence exercisable by the Hiuh
Court of Justice (see Prize below). It was, perhaoivm consequence of its ancient disciplinary jurisdiction that
toe Admiralty Court was made, and the High Court of
Justice now IS, the court to enforce certain portions of tho
Foreign Enlistment Act, 1870.

FinaUy, appeals from decisions of courts of enquiry,
under the Merchant Shipping Act, cancelling or susftend-

officers in the merchant service, mayesurvicc. Ill;

Ssis c:^“5.sr“’
jurisdiction in criminal matters extends

^iTl w on hoard British ships on sea ortidM waters, even though such tidal waters be

1868, L E. 1 C.C.E. 161), but not over crimes
board forei^ vessels upon the high seas

Serva, 1845, 1 Denison C.C., 104b Whether

committed

(Jieff. V,

104). Whether
committed on foreign ships within
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!5one of three miles round the shores of the United King-
dom was for such purpose territorial water, Yere the great

questions raised in Beg, v. Keyn (The ‘‘Franconia/’ L.E.
2 Ex. Div. 126), and decided in the negative by the

majority of the judges, rightly, as the writer of this article

respectfully thinks. Since then, however, the Legislature

has brought these waters within the jurisdiction of the

Admiralty by 41 and 42 Yict. c. Y3. Section 2 runs as

follows :
“ An oifence committed by a person, whether he

is or is not a British subject, on the open sea within the

territorial waters of British dominions, is an offence within

the jurisdiction of the admiral, although it may have been
committed on board or by means of a foreign ship, and the

person who committed such offence may be arrested, tried,

and punished accordingly.” By § 7 the “jurisdiction of

the admiral ” is defined as “ including the jurisdiction of

the Admiralty of England or Ireland, or either of such

jurisdictions as used in any Act of Parliament ; and for

the purpose of arresting any person charged with an offence

declared by this Act to be within the jurisdiction of the

admiral, the territorial waters adjacent to the United King-

dom, or any other part of Her Majesty’s dominions, shall

be deemed to be within the jurisdiction of any judge, magis-

trate, or officer.” And “ territorial waters of Her Majesty’s

dominions ” are defined as “ in reference to the sea, mean-

ing such part of the sea adjacent to the coast of the United

Kingdom, or the coast of some other part of Her Majesty’s

dominions, as is deemed by international law to be within

the territorial sovereignty of Her Majesty; and for the

purpose of any offence declared by this Act to be within

the jurisdiction of the admiral, any part of the open sea

within one marine league of the coast, measured from low-

water mark, shall be deemed to be open sea within the

territorial waters of Her Majesty’s dominions.” As to

those portions of the sea and tidal waters which, by reason

of their partially land-locked positions, are deemed to be

in the body of a county, there is not Admiralty jurisdic-

tion, but crimes are tried as if they were committed on

land within the same county.

Pirates, whatever fiag they pretended to fly, were, from

1360 onwards, wherever their crimes were committed,

subject to the Admiralty jurisdiction. The criminal juris-

diction of the Admiralty was first exercised by the High
Court of Admiralty

;
and then, by virtue of 28 Hen. YIIL

c. 15, transferred to commissioners appointed under the

great seal, among whom were to be the admiral or

admirals, his or their deputies. Admiralty sessions were

held for this purpose till 1834. Admiralty criminal juris-

diction is now, by virtue of the series of statutes 39 Geo.

III. c. 37, 4 and 5 Will. lY. c. 36, 7 and 8 Yict. c. 2, and

the criminal law consolidation Acts passed in 24 and 25

Yict. c. 1, exercised by the Central Criminal Court and by

the ordinary courts of assize. Special provision for trial

in the colonies of offences committed at sea has been made

by 11 and 12 Will. III. c. 7, 46 Geo. III. c. 54, and 12

and 13 Yict. c. 96.

The Admiralty Court had jurisdiction in matters of

prize from very early times; and although since the

middle of the 17th century the instance, or ordinary

civil jurisdiction of the court, has been kept
PWiPc.

(iistinct from the price jurisdiction, they were

originally both administered and regarded as being within

the ordinary jurisdiction of the Lord High Admiral. The

early records of the Admiralty show that the origin of the

prize jurisdiction is to be traced to the power given to the

court of the admiral to try cases of piracy and “spoil,”

i,e,, captures of foreign ships by English ships.
^

The

earliest recorded case of spoff tried before the admiral is

in 1357, when the goods of a Portuguese subject, taken

at sea by Englishmen from a French ship which had
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previously spoiled a Portuguese, were awarded by the
admiral as good prize to the English captors; and
Edward III. m a letter to the king of Portugal answ^ering

a complamt on the subject gives the admiral’s decision

as a reason for refusing their restoration. During the
16th century a very large part of the business of the

Admiralty Court related to spoil and piracy, and the Privy

Council often directed the judge of the court how to deal

with the spod cases, with regard to which foreigners who
had suffered from attacks by English ships made petition

for redress to the admiral or the council. The spoil suit at

this time {causa spohi) was a civil proceeding resulting in a

decree ahsolutoria, dismissing the defendant, or condemna-
toria, ordering restoration to be made by him. In 1585
the patent of Howard, the Lord High Admiral, authorized

him to issue letters of reprisal against Spain
;
and an Order

in Council regulating the conduct of those to whom such
letters were issued, provided by an additional article (1589)
that all prizes were to be brought in without breaking of

bulk for adjudication by the Admiralty Court. The court

was also resorted to at this time by captors, sailing under
commissions granted by the allies of England, such as the

king of France and the Dutch. About the middle of

the 17th century separate sittings of the Court for In-

stance and Prize business began, perhaps because of the

conflicting claims to droits of Charles II. and the duke of

Y'oik as Lord High Admiral
;
and piivateering under

royal commission took the place of the former irregular

“spoiling.” The account which Lord Mansfield gave of

the records of the Admiralty Court, that there were no
prize act books earlier than 1641, or prize sentences earlier

than 1648, and that before 1690 the records were in con-

fusion, must be qualified by the fact that there are in

existence prize sentences (on paper, not parchment) as
early as 1589.

Although the courts of Common Law hardly ever seem
to have interfered with or disputed the Admiralty prize

jurisdiction, its exclusive nature was not finally admitted
tiU 1782; but long previously royal ordinances (1512,

1602) and statutes (13 Car. IL c. 9, giving an alternative

of commissioners, 22 and 23 Car. II. c. 11, 6 Anne, c. 13)
had given the Admiralty Court the only express jurisdiction

over prize. The same statute of Anne, and 13 Geo. II. c. 4,

and 17 Geo. II. c. 24, give prize jurisdiction to any Court
of Admiralty, and the Courts of Admiralty for the colonies

and plantations in Korth America.

It has been a disputed question whether the prize juris-

diction of the court was inherent, i.e,, coming within the

powers given by the general patent of the judge, in wffiich

no express mention of it is made, or whether it required a
special commission. Upon this subject the judgment of

Lord Mansfield in Liiido v. Rodney (1782, Dough 612),

the judgment of Mr Justice Story in De Lovio v. Bait

(1815, 2 Gallison, 398), and Mr Marsden’s Select Fleas

of the Court ofAdmiralty (introduction), may be consulted.

But the settled practice now and for a long time past has

been for a special commission and warrant to be issued for

this purpose. In connexion with this it is observable that

in 1793 the Admiralty Court of Ireland claimed to exercise

prize jurisdiction under its general patent
;
and it is said to

have been the opinion of Sir W. Wynne that the Admiralty

of Scotland had a similar right (Brown, Civil Law of
Admiralty, vol. ii. 211, 212). Any jurisdiction of the

Scottish Admiralty Court over prize of war was transferred

to the English court by 6 Geo. lY. c. 120, § 57. As to the

Irish court, by the Act of Union it was provided that

there should remain in Ireland an Instance Court of Ad-
miralty for the determination of causes civil and maritime
only.

In 1864 the cons^titution and procedure of prize courts,
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which had until then been prescribed by occasional Acts

passed for each war as it arose, were for the first time

made permanent by the Naval Prize Act, by which the

Hiuh Court of Admiralty and every Admiralty or Vice-

Admiralty Court, or any other court exercising admiralty

jurisdiction in British dominions, if for the time being

authorised to exercise prize jurisdiction, were made prize

courts. TheHigh Court of Admiralty was given jurisdiction

throughout British dominions as a prize court, and, as

such, power to enforce any order of a Yice-Admualty

prize court and the judicial committee of
^

the Frivy

Council in prize appeals—this power mutatis mutandis

being also given to Vice-Admiralty prize courts.^ An

appeal was given from any prize court to the Sovereign in

Council. Prize courts were given jurisdiction in cases of

captures made in a land expedition or an expedition made

conjointly with allied forces, and power to give prize

salvage on recaptured ships and prize bounty; and a form

of procedure was prescribed. The High Court was also

given exclusive jurisdiction as a prize court over questions

of ransom and petitions of right in prize cases, and power

to punish masters of ships under convoy disobeying orders

or deserting convoy. By the Naval Discipline Act, 1866,

power to award damages to convoyed ships exposed to

danger by the fault of the officer in charge of the convoy

also given to the High Court. Under otherwas
statutes it had power to try questions of booty of war

vhen referred to it by the Crown, in the same way as

prize causes, and claims of Eung^s ships for salvage on

recaptures from pirates, which could be condemned as

droits of Admiralty, subject to the owner’s right to receive

them on paying one-eighth of the value, and also power

to seize and restore prizes captured by belligerents in

violation of British neutrality, or by a ship equipped in

British ports contrary to British obligations of neutrality.

All jurisdiction of the High Court of Admiralty has

since passed to the High Court of Justice, which is made
a prize court under the Naval Prize Act, with all the

powers of the Admiralty Court in that respect
;
and all

prize causes and matters within the jurisdiction of that

court as a prize court are assigned to the Probate, Divorce,

and Admiralty Division
;
and an appeal from it as a

prize court lies only to the King in Council (Judicature

Acts, 1873 and 1891).

By an Act of 1894 further provision is made for the
constitution of prize courts in British possessions. A
commission, warrant, or instruction from the Crown or the
Admiralty may be issued at any time, even in peace

;
and

upon such issue, subject to instructions from the Crown,
the vice-admiral of the possessions on being satisfied by
information from a Secretary of State that war has broken
out between Great Britain and a foreign State, may make
proclamation to that effect, and the commission or warrant
comes into effect. The commission or warrant may
authorize a Vice-Admiralty Court or Colonial Court of
Admiralty to act as a prize court, or establish a Vice-
Admiralty Court for that purpose, and may be revoked or
altered at any time. The court is authorized to act as a
prize court during the war, and shall after its conclusion
continue to act^ as such, and finally dispose of all matters
and things arising during the war, including all penalties
and forfeitures incurred therein. Rules of court may
also made by Order in Council for regulating, subject to
the Naval Prize Act, the procedure and practice of prize
courts under that Act, the duties and conduct of their
officers and practitiouers, and the fees and costs therein
(57 and 58 Vich c. 39, §§ 2, 3). This latter power has been
exercised ; and prize rules for the High Court of Justice
and the Vice-Admiralty prize courts were framed in 1898
(Stetutoiy Rules and Orders^ 1898).

adrianople
United Jurisdiction in admiralty proceedings

exclusively vested in the federal courts of the United States.

The remedy in admiralty is much more extensive than in

England (Jnsurcunce Company v. Burnham, 1 1 ^Vallaee s

Beports, 1). Where the common law affords anotlier

mode of action, either can be pursued. Tiie term ^admir-

alty” covers both civil and criminal causes, and is not

limited to strictly maritime affairs. The great lake's and

rivers are subject to it equally with the sea {United

Revised Statutes, title LXX. chap. iff.
;

26 Statutes at

Large, 424). The test is not whether the waters are

tidal, 'but whether they are navigable. A jury may be

demanded in certain civil causes (see Reoised Statutes,

566). The States cannot create maritime liens, nor can

State courts enforce them. States can create lbms of a

non-maritime character on vessels, and the D nitt'd t^tates

Courts of Admiralty may enforce them by iti rem ]>r<v

ceedings (The “Glide,” 167 United States Reports, 006).

A merchantman at sea occupies the j)osiiion, as to property

rights, of a floating portion of the territory of the State to

which he belongs {Crapo v. Kelly, 16 'Wallace’s Ri'ports,

610). The English International RulcvS of 1880 were

adopted by the United States in 1885. In the United

States, waters are held to be within the body of a county

though not so land-locked that objects can be distim'tly

seen by one looking from one shore to the other with tin*

naked eye (Manchester v. Massachusetts, 139 United Stahs

Reports, 240, 263). The District Court of the United

States is its court of admiralty of original jurisdiction.

Authorities.—Marsden’s Select Pleas nf the Court of Jdmir-
alty, Selden Society, London, 1892 and 1897.

—

Jurisdie-

Hon of the Admiralty of England asserted,—Roiunsok,
tanea Maritima,

—

Brown, Admiralty,—EnwAiinRs, Adm irulty, -
Phillimore, International Law, vol. iff.

(w. a. F.
;

K. K K )

Admiralty islands. See Nbw Ouink.v.

Adonip a town of British India, in the Bellary dir^triot

of Madras, 307 miles from Madras by rail, has manufacturi*s

of carpets, silk, and cotton goods, and three factories for

ginning and pressing cotton. The hill-fort above, now in

ruins, was an important seat of government in Mahoinmedan
times, and is frequently mentioned in the wars of tlic J tSth

century. Population, about 26,000.

Adowa, or Adua. See Abyssinia.

Adrar. See Sahara.

Adrian, a city of Michigan, U.S.A., the capital of
Lenawee county, situated on the south branch of Ilaisin
river, in the southern part of the state, 30 miles north-
west of Toledo, at an altitude of 810 feet. Its plan is

somewhat irregular
;

it is divided into five wards
; and it

is entered by three railways. Adrian college is a well-
known Methodist institution. The population in 1880
was 7849; in 1890 it was 8756, and in 1900 it wm
9654.

Adriaenopley a city of European Turkey, 141
miles W.N.W. of Constantinople. It suffered heavily by
the Russian occupation in 1878, not only through the dis-
location of its commerce, but also through the extensive
emigration to Asia Minor of the Mahommedan lower
classes—a movement which so diminished the labour
power of the province that agriculture, its staple industry,
was paralysed, and a large area of land fell out of culti-
vation. This mischief was partially remedied after the
annexation (1885) of Eastern Rumelia to Bulgaria^ when
a large proportion of the Mahommedan inhabitants of the
detached province came to settle in and around Adrianople

;

but this advantage was more than counterbalanced by
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Other consequences of the territorial change. In 1892,
when the last census was taken, the population numbered
85,780. Little reliance, however, can be placed on a
Turkish census, the figures of which are always exagger-
ated. The most competent residents estimate the present
(1901) population at between 66,000 and 70,000. In point
of structure Adrianople is thoroughly oriental—a mass of
mean, irregular wooden buddings, threaded by narrow
tortuous streets, with a sprinkling of edifices of superior
class. Of these the most important are the Idadieh school,
the school of arts and crafts, the Jewish communal school

;

the Greek college, Zappeion
; the Imperial Ottoman Bank

and Tobacco Regie, a fire-tower, a theatre, palaces for the
prefect of the city, the administrative staff of the 2nd
Army Corps, and the defence works commission, a hand-
some row of barracks, a military hospital, and a French
hospital. All these are sightly structures

;
but they

make little show amid their squalid surroundings.

Adrian ople has five fauboutg^ of wliich Kiietchhane and
Yilderim are on the left bank of the Maritza, and Kirdjik stands
on a hill overlooking the city. The two last-named are exclusively
Greek, but a large proportion of the inhabitants of Kiretchhane is

Bulgarian. These three suburbs—as well as the little hamlet of
Demirtash, containing about 300 houses all oc^'upied by Bulgarj,

—

are all built in the native fashion
;
but the fitth suburb, Karagatch,

which is on the right bank of the Maritza, and occupies the region
between the lailway station and the city, is western in its design,
consisting of detached residences in gardens, many of them hand-
some villas and all of them comely stiuctures of modern European
type. In all the communities schools have multiplied, but the
new seminaries are oi the old non -progressive type. The only
exception is the Hamidieh school for boys—a government insti-

tution which takes both boarders and day-scholars. Like the
Lyceum of Galata Serai in Constantinople, it has two sets of
professors, Turkish and French, and a full course of education in
each language, the pupils following both courses. The several
communities have each their own charitable institutions, the Jews
being specially well endowed in this respect. The Greeks have a
literary syllogos, and theie is a well- organized club to which
members of all the native communities, as well as many foreigners

belong. The economic condition of Adi ianople—city and province
—was much impaired by the w<ir of 1877-78, and was just showing
•signs of recovery when the severance from it of Eastern Rumelia
by a Customs cordon rendered the situation worse than e\er.

Theretofore Adrianople had been the comiiieicial entrepdt for the
whole of Thrace, as it had been also, prior to the war, for a large

proportion of the region between the Balkans and the Danube,
now Bulgaria. But the separation of Eastern Rurnelia isolated

Adrianople, and transferred to Philippopolis at least two-thirds of

its foreign trade which, as regards sea-boine merchandise, is carried

on through the port of Burghas. Sericulture, which prior to the
war contributed largely to the prosperity of the town, suffered

severely for a time, but about 1890 it began to show signs of

revival which gradually developed. In 1897 and 1898 the output
of silk increased in a remarkable degree, and in 1899 the crop
equalled those of the most prosperous period which the silk

industry has ever known in Adrianople. Unfortunately, the failure

of the grain crops of the province in 1900 and in the four previous

years almost neutralized the effect of these good silk harvests on
the general prosperity of the population. The production of cheese

continues steadily to increase. During the last few years great

pains have been bestowed upon the improvement and extension of

the fortifications, with the object of rendering them impregnable.

In the opinion ol military experts this object has been attained.

(e. W.*)

Adriatic. See Mediterranean.

, Aduliaitli a city in tbe “lowland” of Judah, now
Aid el-Ma, 7 miles north-east of Beit-Jibrm. The cave was

near the city, and not near the Dead Sea. As a political

expression the “ cave of AduUam ” first occurs in a Reform
speech by Mr Bright in 1866.

Aduiteration.—So many difficulties had been

met with in the operation of the Adulteration of Food
Act 1872, referred to in the ninth edition of this work,

together with the Act of 1860, that in 1874 a Select

Parliamentary Committee was appointed, which, after

hearing much evidence, reported that, while the Act

had done much good, it had at the same time inflicted

considerable injury and enforced heavy and undeserved
penalties upon some respectable tradesmen. “ This ap-
pears to have been mainly due to the want of a clear
understanding as to what does and what does not consti-
tute adulteration, and in some cases to the conflicting
decisions and inexperience of the analysts. Your com-
mittee are of opinion that the Act itself is defective and
needs amendment.” The Act had been but very partially
applied

;
in most districts it had not been put into opera-

tion at all, in many no analysts had been appointed, in
others no inspectors whose duty it would have been to
purchase samples and submit them to the analysts for
analysis. At that time but very few chemists had
a competent knowledge of the composition of articles

of food and of drink. The work in previous years had
been carried on by amateurs, microscopists, and sensation-
mongers, and no systematic steps had been taken to
collect trustworthy analyses and to work out efficient

and practicable methods of analysis. Upon the report of
the Select Committee of 1874 the Sale of Food
and Drugs Act 1875 was based, all previous

Acts being repealed. This Act avoided the
term “ adulteration ” altogether, and endeavoured to give
a general definition of “food,” of “drug,” and of

offences which would bring dealers in food and drugs into

collision with the Act. The appointment of analysts was
made incumbent upon the City of London, the vestries,

all county quarter-sessions, and town councils of boroughs
having a separate police establishment, and inspectors
were empowered to collect samples for analysis. For the
protection of the vendor such samples as were purchased
for analysis were to be offered to be divided into three
parts, one to be submitted to the analyst, the second to
be given to the vendor to be dealt with by him as he
might deem fit, whilst the third was to be retained by
the purchasing inspector, and, at the discretion of the
magistrates hearing any summons, to be submitted, in case

of dispute, to the Commissioners of Inland Revenue for

analysis by the chemical laboratory at Somerset House.
The public analyst bad to give a certificate to the person
submitting any sample for analysis, which certificate was
to be taken as evidence of the facts therein stated, in order

to render the proceedings as inexpensive as possible. If

the defendant in any prosecution proved to the satisfaction

of the court that he had purchased the article under a
warranty of genuineness, and that he sold it in the same
state as when he purchased it, he was to be discharged

from the prosecution, but jxo provision was made that in

that event the giver of the warranty should be proceeded

against. For admixing injurious substances with food or

drug a fine not exceeding .£50 could be imposed, or,

after a conviction for a first offence, imprisonment for a
period not exceeding six months with hard labour. For
any ordinary practice of sophistication the maximum fine

was fixed at £20.
The general definition above referred to, contained in

clause 6 of the Act, was couched in the following words

;

—“Ho person shall sell to the prejudice of the

purchaser any article of food or any drug which
is not of the nature, substance, and quality of

the article demanded by such purchaser; provided that

an offence shall not be deemed to be committed in the

following cases :—(1) Where any matter or ingredient not

injurious to health has been added to the food or drug

because the same is required for the production or pre-

paration thereof as an article of commerce, in a state fit

for carriage or consumption, and not fiiudulent’y to

increase the bulk, weight, or measure of the food or drug,

or conceal the inferior quality thereof
; (2) where the food

or drug is a proprietary medicine or is the subject of a

S. L— 13
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pateat ia force

; (3) where it is compounded in accordance

with the demand of the purchaser; and (4) where the

food or drug is unavoidably mixed with some extraneous

matter in the process of collection or preparation.” This
clause soon gave rise to an immense amount of litigation,

and already in 1879 it was found necessary to pass a
short Amendment Act, making it clear that if a purchase

was effected by an inspector with the intent to get the

purchased sample analysed he was as much “prejudiced
”

if obtaining a sophisticated article as a private purchaser
who purchased an article for his own use and consump-
tion. In the practical carrying out of the Act the chief

difficulty was soon found to consist in ascertaining whether
any article was “of the nature, substance, and quality
demanded by the purchaser.” This, on superficial con-
sideration, seems to be a very simple matter. Thus, if a
vendor supplies a customer who demands “milk” with
milk and water, or with mUk from which a part of the
cream has been removed by skimming, it may appear to
be a very easy task to ascertain whether the purchaser’s
demand has been complied with or not. But the com-
position of milk as yielded by the cow varies widely
under different conditions, with the race and breed of the
auim^, its food, state of health, the period of lactation,
the time of year, climate, (ke. Thus, while a good Jersey
cow might yield milk with 8 per cent, of fat, a Dutch cow
might have but or 3 per cent, of fat m its milk, and a
great portion of the fat from the former might be removed
before it feU to the level of the latter. Were the analyst I

to insist upon a standard of fat equal to that present in
the test milk, many, even the majority of, genuine samples
would have to be condemned, while, if he adopted the
lowest recorded limit found in genuine milk, cream might
te removed from almost all milk of normal natoe
to the great damage of farmers and of the public’
bmularly,_but not quite to the same degree, there is a
variatm in the amount of the other food-constituents of
milk, the so-ealled “ solids-not-fat ” or non-fatty solids, from
the qumtiW of which the analyst concludes whether
water has been added to the milk. It is obviously im-
po^ibte to diffe^ntiate between the water which is

to pme milk, and which constitutes the greater part
between water that may have teen fraudulentlyadd^ to the article; but by the addition of water the

Mnstitnents upon which the food-value of milk is de-
depression is naturallym pro^ion to the quantity of added water. It requiredae ^ted of public analysts, who in 1875 founded

Analysts, to ascerUin by many tern

^
th^n* of analyses of samples of milk the naturalvarmtion of the composition of milk, and to fix reasonable

bvtteM
aPPbeable to pure milk. The nuik yielded

to Ite
widely, and it is almost impSeto state the extremes, but the milk sunnlied tn ^ llr

i. ah,..
Esra, and extremes ace equalized bv snr*}i a

monumental record of the cLoositi«/.f
^

position have been found, continually adding to tlu‘ difli-

culty of arriving at a fair conclusion upon the of
analysis. It may be said that a ])urchascr wJio olitain^*

milk of extreme poverty, however untamperod with, is

prejudiced, because he expects to obtain milk of at least
average quality, but the Food Acts are intciuled to repre.ss

and punish fraud only. While, however, milk \emlors at
first strongly opposed the use of more or less arbitrary
limits of composition insisted upon by the (\\('<'utive

officers, they slowly recognized that botli the intt‘re.‘<t of
the public and their own required them, and of late tlie
raising of the limits has been favouralily looked u]Kjn by
some of the largest milk-vendors. P>y law no limit or
standard is recognized at the i)resent time, but a (‘om-
mittee appointed by the Board of Agriculture lM\'e
fuUy inquired into the matter, and have recently repoit<*d
officially recommending limits for the composition of milk,
setting at rest a question which, since 1S75, hasgi\en rise
to a vast amount of labour and to numberless ilispiiti^N.

A curious condition of things arose out of tlm dtdiniti<.n
of “ food '^_as given in the Sale of Food Act I <S7r>. The

mouumeutel xecorfi ofl.7orp^io7of™SxeTS|-

portion of
QJin July, while the pro-

littife rnmtbxL and that thJtfn
^ comparatively

- ^ •? i«bi4

imdhg “Milk’^ below

term ‘food’ shall include overy article imud for biod or
drink by man, other than drugs or water.” It bad been
toe practice of bakers to add alum to the flour fiom wliieJi
bread was manufactured, in order to whiten the lire,id and
to permit the use of damaged and di.scoloiiri‘d flour. 'Phis
practice had been strongly condemned as e.uly us the
middle of the century by Liebig, a.s remlwing the l.read
indigestible and injurious to health. Very .sliortly alter
toe passing of the Food Act this ohjectiomible ur.K-tiee
disappeared, and alumed broad now no longer oeeiux
large trade, however, continued to be carried on in baking
powders consisting of alum and sodium liie.irla.nalAJ^y used in private households, it was natuially
thought ttet as baking powder is .sold with the obvious
intention that it may enter into food, the vendors conld
also be proceeded against and the noxious trade stami,e<l

St,
a strongly contested case -having erune before th<>

the Hwaiisea County

+ u til'* Food

deii^ ^ Following tliisdecision It was obvious that spices, like pejiiKT, cayenm*

ImH!, Act, which came into font inW99, consideration must, however, be given to another^eut of piecemeal legislation, the JIargarino Act of

fi t's
^ of the 19th eci tufvsubstitutes for butter had been tried -nTd 1, ,i^ mrb,,^ ..iSiS ,1“;^

“

of Paris their manufacture received a powerfulaud soon after 1870 imitation-butter biran ?o it
^ ’

quantities under too name of

Tiia
^ often also fiiavoured witli blitter

i" St^ J TLlnTtf
from the’ Dnited Stetes^
article essentially different

^“I'Orted as an
consistency, and namf aiWnce,
butter at toe han^of

sutetitution for real

is uo doubt and there

Tvere sold to toe public as
“butterino”

farming and legists trade^
mentary committee sat and took evidence

parlia-
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the^ labelling and branding of all boxes and vessels in
wbicli the article was conveyed and stored, as well as the
marking of the papers in which the retail dealer sold it,

with the word “ margarine,” even mixtures of the substi-
tute with real butter coming under that obligation. It
was probably hoped that by these means the trade in
butter-substitutes might be checked or destroyed, but the
contrary happened, the new name soon taking root, and
the sale of the article increasing by leaps and bounds, in
spite of the great rate of increase in the import of genuine
butter. Thus the Margarine Act ran conjointly with the
original Food Act of 1875 and the Amendment Act of
1879. The result was a further increase in modifying i

decisions of High Courts and increasing difficulty in inter-

preting the meaning of the Acts. Growing dissatisfaction
was expressed by the vendors, wholesale and retail, and by
the authorities who had to see the Acts enforced, and the
outcome of much agitation was once more a parliamentary
committee, appointed in 1894, and reappointed in 1896
and 1897, voluminous evidence being taken and considered,
resulting finally in a fourth Act, the Sale of Food and
Drugs Act 1899, again superimposed over the three prior

pieces of legislation.

,
Year.

Number of Samples.

Exaiiiiiied.
j

Adulterated.

Percentage
of

Adulteration.

Average percent-
age in Quin-

quennial Periods

1877 14,706 2,8*26 19-2

1878 16,191 2., 782 17*2

1879 17,049 2,535 14-8 187/ -1881

1880 17,673 2,772 15*7
16*2

1881 17,823 2,613 14-7

1882 19,439 2,931 15-1

1883 19,648 2,955 15*0
1 OQO “f OOfl

1884 22,951 3,311 14*4 loo2-iooo

1885 23,230 3,076 13*2 10

1886 23,596 2,813 11*9

1887 24,440 3,134 12-8

1888
1889

26,344
26,956

2,836
3,096

10*8

11*5 1 1887-1891
1 n •'7

1890 27,465 3,069 11*2 f 117

1891 29,028 3,540 12*2
)

1892 32,447 4,009 12*4 <

1893
1894

37,233
39,516

4,793
4,060

12*9

10*3
1892-1896

1895 43,962 4,093 9*3 iU 0

1896 45,565 4,202 9*2

1897 46,856 4,383 9*4

1898 49,555 4,319 8*7
1

1899 53,056 4,970 9*4

Samples Analysed under Food Acts in 1899.

Description.

Number of Samples.
|

Percentage Adul-

Examined, Adulterated. 1890. 1898.

Milk 21,964
597

2,314 10*5 9*9

Bread 3 0*5 0*8

Flour 720 9 1*3 2*0

Butter . 10,478 1,018 9*7 10*6

Cofiee 1,929
575

145 7*5 10*6

Sugar 34 5*9 2*9

Mustard 693 22 3*2 3*9

Confectionery and
Jam . 511 14 2*7 2*9

Pepper . 1,638 21 1*3 0*8

Tea 565 2 0*4 3*1

Lard 1,462 5 0*3 0*1

Wine 87 1 1*1 2*4

Beer 239 2 0*8 0*4

Spirits . 4,724 611 12*9 12*4

Drugs 2,475 440 17*8 11*9

Other articles . 4,399 329 7*5 5*0

Total 63,066 4,970
1

... 8*7

As to the working of the highly complicated machinery

thus created since 1st January 1900 it is yet too early to

speak, but of the beneficial results of the Sale of Food
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and Drugh Act 1875, broadly speaking, there cannot be
any doubt. The preceding table, taken from the Report
of the Local Government Board for 1900, showb clearly
that the percentage of adulterated articles has steadily
declined since 1877 from 19 per cent, of all samples
analysed to 9 per cent.

The efiect, gratifying as it is, would have been still

greater if many towns and districts had not neglected, in
spite of pressure brought to bear upon them by
Government and others, to put the Acts, into

operation. The Actb compel the authorities to ^cts^
a^ipoint analysts, but until the Act of 1899 no
means existed to force unwilling councils to collect samples
for analysis, or in many cases only so small and insig-

nificant a number that food control was virtually non-
existent. As far, however, as statistics are available,

figures prove that in districts where the Acts are more or

less feebly administered the proportion of adulteration

is greater than in others that vigorously apply the legal

means for repressing fraud. Thus in 1890, Somersetbhire,

working the Acts efficiently, took one sample fur analysis

per annum for every 379 inhabitants, and the i>erceiitage

of adulterated articles found was only 3*6, or only about

one third of the amount representing the average for the

whole country. Gloucestershire, with one sample for 770
inhabitants, had 6*2 per cent, of adulteration

;
Hampshire,

with one sample for 1224 inhabitants, 12*2 per cent.

;

Derbyshire, with one sample for 3164 inhabitants, 174
per cent.

;
Oxfordshire, with only one sample for 14,963,

no less than 41*7 per cent, of adulterated articles. Even
in 1899 no samples whatever were officially analysed in

seven English boroughs, while within the jurisdiction of

six counties and seven boroughs, with a total population

of 600,000, only 139 samples were analysed during the

year, and in 65 other districts the proportion examined
was less than was deemed sufficient by the Local Govern-
ment Board. The public authorities, at the same time,

recognize in most cases the material public benefit

conferred by the various enactmentb. In 1899, 53,056

samples were examined by public analysts : 4970 were

reported against, and proceedingb -were instituted against

3110 vendors—fines amounting to £6258 being imposed.

The increased vigilance on the part of the public officers

is met by an increased ai^xihcation of science to adultera-

tion. Thus, for some years the substitution of

margarine for butter, an unabashed fraud, was
common. The substitution, owing to advance

in methods of chemical analysis, being readily

discoverable since 1874 and punished, mixtures of butter

with gradually decreasing percentages of margarine w*ere

made and sold
;
and at the x>resent time large quantities

of mixtures, containing not more than 8 to 10 per cent,

of margarine, are freely imxiorted from abroad and sold as

“warranted xmre” butter, the mixing being done with

the assistance of skilled chemists, who, knowing the com-

position of the pure article, carefully let it down by the

addition of margarine to such a point that the mixture

still possesses the characters of x>ure, though slightly

abnormal butter, against which proceedings could not he

undertaken with probability of conviction of the vendor.

Margarine, specially adapted for this fraud, is made by

Dutch manufacturers. In milk, similarly, the skilful

vendor, knowing the natural variations of milk, dilutes

or skims it to the exact point which experience has shown

to render him reasonably safe from detection. The whole

of the information contained in analytical literature,

primarily for the benefit of the analyst, is available to the

fraudulent manufacturer, and no new process of analysis

appears without immediate effort on tihe pad; of the

mixer to circumvent and defeat it. Two practices which
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are clobely akin to adulteration, if not actually such,

|

have much engaged the attention of analysts daring

the last few years—iiaiuely, the addition of chemical jire-

servatives and of colouring matters to articles of food.

Chemical preservatives aie contained in many perishable

articles—namely, sulphite of lime in beer, syimps, meat,

lime-juxe,
;

salicylic acid sometimes in wines and

often in jams
;
formaldehyde (formaline) in milk. But

by far the most freiiuently used materials are borax and
boraelc acid, almost universally present in imported butter

(with the exception of Danish butter), and in much that

is made in Great Biitain, in cured ham, in fish, cream, and
niLk. A preservative acts as a bactericide, and in no
case is physiologically inert, although the dose taken at a
meal may not be sufiicient to produce obvious effects.

^Medical opinion is, however, at present almost unanimous
that the continual use of preservatives cannot fail to be

injurious to the human system, and the increasing infant

mortality in some towns is attributed to the fact that the

milk used by the infants is now so frequently borated.

A Committee appointed by the Board of Agriculture has
been engaged on this subject, but at the time of writing

no report has yet been made public. The employment of

preservatives is justified by dealers in perishable articles

by pointing to the difficulty which would otherwise be
experienced in collecting in distant countries food-materials

like butter, shipping them to England, and distributing

them to the public without loss of quality
;
on the other

hand, modern means of preserving food, in cold-store, <&c.,

are being pointed to as fully sufficient to meet all wants
without the introduction of foreign matters.

Colouring matters, quite harmless in themselves, are
largely used at the present time in many articles of food
and drink. Originally the use of a yellow dye in milk
was due to a fraudulent motive, namely, to hide the
blueness produced by watering. Gradually the public,
especially in London, became accustomed to see their
milk of a distinct yellow tint, and all milk, even genuite
milk free from added water, sold in London, is now
coloured, generally with anatto, often with aniline dye

;

and it would be almost impossible for a vendor to sell

milk of its natural colour. Again, all butter sold in
London and the South of England is coloured yellow.
Nattrol butter has often a very faint fawn tint, and the
public, educated to see butter yellow, would not purchase
such butter

j hence the now universal colouring adopted.
The Food Act cannot cope with this practice, as long as
the object of colouring is not a fraudulent one and the
colour itself is harmless. The colouring of preserved peas
by the use of a little copj^r sulphate is on a different
basis, as the copper is considered liable to produce injury
to health, and many vendors of coppered peas have been
fined during recent years

;
yet the public object to pur-

chase preserved peas of the natural brown colour. Jams
are very frequently dyed, and the brilliantly coloured
jarns now sold owe most of their colour to coal-tar dye^
which are often employed to hide the fact that unripe or
inferior fruit has b^n used by the manufacturer.
We wiE now <x)nsider recent forms of adulteration in

specific articles, and the means adopted for their detection.
.W^~Although the general qualitative composition

of milk has been known for very many years, all quanti-
tative statements concerning tiie proportion of the several
constitoents publMied before 1884 are affected with con-
siderable errora About 1872 Wanklyn showed that,
although, as ms well known, the perxsentage of the fat of
milk was subject towy contideraWe fluctuation, when thepe^l^e of milk^-eugar, m&km, and other albuminoids
and mter was added the '^aoHds-not-fati^
mned but Ettle^ and he propoa^ to utilise that feet to
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determine whether milk was genuine or had been impover-

ished by the addition of water,—^it being evident that

water would dimmish the percentage of solids-not-fat, the

percentage of addition being readily calculated from the
amount of the latter. Although the method of ascer-

taining the pioportion of “ solids-not-fat ” adopted by
Wanklyn has been shown to be somewhat erroneous, the
l^rinciple of analysis established by him has remained the
basis upon which milk-analysis rests, and public analysts

virtually adopted the limits proposed by him—viz., 2'5

per cent, of fat and 9 per cent, of solids-not-fat. In 1884
M. A. Adams showed, however, that the then usual method
of analysis did not allow of the complete removal of the
fat from the other milk-constituents, that therefore the
proportion of fat had been underestimated, the amount of
the solids-not-fat being correspondingly too high. By the
simple and ingenious expedient of spreading a known
volume of the milk to be analysed upon a long strip of
blotting-paper and extracting the paper together with the
dried milk by a solvent, such as ether or benzene, the fat

could be completely removed from all other constituents.

After full investigation the Society of Public Analysts
altered the limits, in accordance with the new discovery,
to 3 per cent, as a minimum for the fat and 8

‘5 per cent,

for the solids-not-fat. As the average composition of
genuine mdk, according to Vieth, is 4*1 per cent, of fat,
8‘8 of solids-not-fat, and 12*9 per cent, of total matter
other than water, it is obvious that the limits allow for a
reasonable departure from the average. The Boaid of
Agricultm-e’s Departmental Committee has quite recently
issued a report, in which the following recommendations
are made as to proportions of food constituents which
should be present in milk. The percentage of total solids
must not be less than 12, the proportion of solids-not-fat

not less than 8*5 per cent., and that of fat at least 3*25.

If the amounts are smaller, a presumption is raised, unless
the contrary is proved, that the milk is adulterated by
skimmmg or watering. The recommendations of the
Committee are most valuable, as tending to the improve-
ment in the breed of dairy cattle, and cows yielding
milk poorer than the above will probably be weeded out
and replaced by superior breeds. A number of means
are now known allowing of the complete analytical
separation of the fat other than the “Adams"' method.
The “galactometer” and “lactometer” instruments, referred
to in the article in the ninth edition of this work, have
long been abandoned. Other far more exact and more
rapid means have been found to determine the composition
of milk with a degree of accuracy sufficient for practical,
especially dairying, purposes. As the fat of Tnillr is its
most valuable and most important constituent, it is of high
importance to the butter-producer in particular to know
the exact proportion of the fat, partly in order to know
that he obtains value for his money, and also to check
the efficiency of the working of his appliances for separ-
ating the cream—centrifugals being now universally em-
ployed for that purpose. By centrifugal force alone the
fat globules of milk do not coalesce into a layer of pure
fat; if, however, an acid, like hydrochloric or sulphuric
aci(^ be added to the milk in sufGlcient quantity prior to
^hjecting it to centrifugal force a clear layer of pure
butter-fat separates, and if a measured quantity of milk
be taken and the volume of the separated fat be deter-

geuerally in a graduated glass-tube, the amount ofm xn any sample of i^k can he arrived at in a few
minot^. Upon this principle a number of instruments
have been designed and render eocceUent service in thecr^e^ and laboratory. As, moreover, a definite relation
exists between the specific gravity of a milV and its
oontents in fet and solids-not-fat, it follows that the
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Specific gravity of a milk being known and its contents in

fat, tbe proportion of solids-not-fat can be calculated.

Formulae for that end bave been worked out by a number
of chemists. An analysis of milk, showing the specific

gravity, the percentage of fat and that of solids-not-fat

can therefore now be made in as many minutes as the

hours formerly required, and in scientifically conducted

dairies the price paid for the milk is regulated by the

analytical data obtained.

No forms of adulteration occur except the addition of

water, the removal of cream (or its equivalent, the addi-

tion of skim-milk), and, if adulteration it be, the addition

of preservatives. All statements as to the occurrence of

chalk and of sheep^s brains are fables. Although the

addition of water is still a common form of adulteration,

the percentage of added -water is mostly not greater than
from 8 to 15, and the grosser and more impudent frauds

commonly met with twenty years ago have practically been
stamped out. A number of the large dairies supplying

London and other large towns have fully equipped labora-

tories, with a staff of highly trained chemists, analysing

almost each churn of milk delivered by the farmers,

adulteration being thus as completely prevented as pos-

sible. Against the skimming of milk the means available

are not so effective as those against watering, as the

natural variation of the amount of fat is so considerable,

partially skimmed Jersey milk still containing as much
fat as unaltered milk from lowland cattle.

Butter,—Since the introduction of margarine, frauds in

the butter trade are exclusively confined to two kinds

—

namely, the substitution of margarine for and the addition

of margarine to butter, and the incorporation or undue
retention of water. Referring firstly to the latter form
of adulteration, it mu>t be borne in mind that all butter

contains water. Properly-made butter contains, as a rule,

11 to 15 per cent.
;

it is not practicable to remove a larger

proportion by rolling or squeezing, as the consistency of

the butter suffers; 16 or at most 17 per cent, of water

may legitimately be present in good butter. If, however,

the churning of the cream is carried out at too high a

temperature, an emulsion of water and butter is formed,

containing as much as 30 or even 40 per cent, of water,

causing the article to assume an ointment-like appearance.

In properly-equipped dairies, refrigeration of the cream,

if needful, is adopted to reduce the temperature of the

cream in summer
;
but in small and old-fashioned dairies,

as in many of those in the West of Ireland, these means
are not available, and Irish butter, therefore, often con-

tains an excess of water, 25 per cent, and over. As in

most cases magistrates have declined to consider this

as an adulteration, and often enough the petty farmers

are not to be blamed, the wilful introduction of water

into blitter has at times been carried out on an industrial

scale, and even at the present time much butter is sold

which has been loaded with water up to 28 and more per

cent., with of course good profit to the “ manufacturer.^'

Chemical differentiation between butter and butter-sub-

stitutes, now called margarine, was unknown prior to 1873,
when the writer, with A. Angell, published a method
which readily allowed of such differentiation, and of the

estimation of the proportions of butter-fat and other fat

contained in a mixture, based upon the fact that while

fats other than butter-fat (and cocoa-nut oil) contain

about 95*5 per cent, of fatty acids insoluble in water,

butter-fat contains a smaller quantity—^namely, about 86 to

88 per cent,—^the difference being due to the presence of a

corresponding amount of water-soluble fatty acids. Various

modifications and simplifications of this principle have
since been worked out, and the detection of margarine in

butter, if present in substantial amount, has been rendered
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easy and certain. In the case of butter, as in that of

milk, the analyst has, however, to reckon with iiatuial

vaiiations in the composition of the butter-fat itself, and
no means ha\e yet b en disco-v'eied ^vheieby peicintages

smaller than 10 per cent, can be discovered with sufficient

certainty to lead to the conviction of the vendors. It is

a singular fact that while, as a lule, the composition of the

butter-fat is almost independent of the food of the animal,

under some conditions depending mainly upon the jieiiod

of lactation, the composition of the fat undeigoes material

changes, so that a cow in the last stages of lactation may
yield inilk, small in quantity, fiom which luitter can be
churned which analyses as if it were a mixture of butter

and margarine. Luckily it liap].>ens but rarely in practice

that all the cows of a whole heul btcome “dry’’ at the

same time; hence the natmal variation in composition

equalizes itself as a rule. There are, however, a few cases

on record, notably one carefully worked out by A. H.
Allen, in which butter wus made under strict supervision

in Denmark from absolutely imre materials, yet analysed

like a mixtuie. It is doubtful therefore whether adultera-

tion of butter with small amounts of maigaiine can ever

be quite prevented by certain discovery, especially if the

admixture is made, as in some parts of Holland, with the

active aid of skilled chemists. When it is considered that

England imports about ten million pounds sterling worth
of butter per annum, tbo immense importance of prevent-

ing substitution of margarine, of approximately half the

price of butter, will be apparent.

Some most ingenious instruments have been constructed,

notably Abbe’s refi*actometer, with a view to obtain by
physical means data for discrimination betw’een butter and
mixtures. Melted butter-fat refracts light to a less degree

than do butter-substitutes; the instntment in question

allows of the determination of the “ index of refraction

by the use of a mere droplet of the butter-fat, and is a
most valuable tool in the hands of the chemist.

Cheese.—^From America cheese has come into the English

market, made from skim-milk w’hich has again been pro-

vided with fatty matter, generally emulsified margarine

—

hence the term “margarine cheese,” or “filled cheese”—

a

legitimate article if sold with full disclosure of its nature,

but one which readily lends itself to fraud. Cases of

cheese-poisoning have been recorded, and a highly poison-

ous substance, termed tyi'otoxicon, has been extracted from

cheese by Vaughan. Compounds of zinc and of lead have

also been met with.

Larch—Between the years 1880 and 1890 a gigantic,

fiaudulent trade in adulterated lard w’as carried on fiom
America, A great proportion of the American lard im-

ported into England was found to consist of a mixture of

more or less real lard, with cotton-seed oil and beef-stearine.

Cotton-seed oil is one of the cheapest vegetable oils fit

for human consumption; beef-stearine, the hard residue

obtained in the manufacture of oleomargarine after the

more fluid fat has been pressed out from the beef-fat.

So skilfully were the mixtures made that for some years

their very existence escaped notice, until in 1888 a bill

introduced in the American Senate to stop the imposture

directed general attention to the matter, and energetic

measures by the food-ofiScers quickly put a stop to it as

affecting the United Kingdom. From the memorial pre-

sented to the U.S. Senate in support of the bill, it

appeared that in about 1887 the annual production of

lard in the States was estimated at 600 million pounds,

of which more than 35 per cent, were adulterated. During

the last seven or eight years compounds have been made
containing no lard or only a faint trace of lard. These

compounds were sold as “refined lard,” “pure refined

lard,” “ choice refined lard,” “ choice refined family lard,’^
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and other similar Professor Wiley, in his evidence

ou the subject, siiid that "‘^Messrs Armour and Co. state

that they use fr<»m 59 to 75 per cent, of lard in their

mixtart‘s, Fairhauk from 50 to 75 i>er cent. The former

iirm use 75,000 barrels of cotton-seed oil, and make 60

million i>oun<ls relined lard. 75,000 barrels wigh 28

million pounds : hence the average proportion would be

46 per cent, of c<»tton-seed oil in the mixture
;
but as from

10 to 15 ])er cent, of beef-stearine are necessary to stilFen

the mixture, the proportion of lard would be only about

42 ]>er cent."

Oils ,—Since the article in the ninth edition of this

work appeared, enormous progress has been made
in the chemical knowledge of fats and oils, and com-

jdieated mixtures of various oils can now be satisfactorily

analyse<I. Perhaps the most important step was taken by
Allen and von Huebl, who showed that different fats and
oils were capable of combining with different percentages

of bromine or iodine, the “iodine-absorption” number
being characteristic for each class of oils—the olive-oil

group showing about 80-90 per cent.
;
the cotton-oil group

about 105-110; linseed-oil, 160-170. This number, to-

gether with a determination of the saponification -value

(the amount of caustic alkali needed for complete saponi-

fication), the thermal rise with strong sulphuric acid

(Maumeiio), or bromine (Hehner and Mitchell), the re-

fraction of light and the specific gravity, enable the

analyst to form in most cases a close idea as to the nature
of any sample under examination. The adulteration of

oils has in consequence become far less. Cotton-seed oil

and, latterly, the oil expressed from the maize-germ (maize
oil), are the most common fatty adulterants, but much
use is also made in this direction of paraffin oils and resin

oil. So-called olive oil frequently consists of a mixture
of olive oil, cotton- seed oil, eartlmut (arachis) oil, and
sesame-seed oil, one or the other of these being sometimes
altogether substituted for genuine olive oil. Odourless
paraffin hydrocarbons also enter into these adulterated
articles.

Pepper,—Some years ago ground olive-kernels were
largely sold for admixture with pepper, under the name of
“ iX)ivTette.” They were easily recognizable on microscopic
examination and the fraud did not live long. The older
forms of adulteration (rice and other farinaceous meals)
also still occur.

Gmger,—The more or less exhausted ginger resulting
in the manufacture of ginger beer used until lately to be
re-dried, ground, and mixed with fresh ginger—a great
proportion of commercial ground ginger consisting of so-
called “spent” ginger. If exhausted by water the pro-
I>ortion of the water-soluble constituents of -ginger—if by
alcohol, those of the alcohol-soluble ones—were reduced by
the treatment, thus affording to the analyst guidance in
coming to a judgment. Similar fraud exists in the case
of aromatic substances from which valuable oils can be
extracted, the exhausted ground stuff being sold in ad-
mixture with the genuine.

In 1899 an obscure illness broke out in Dublin
resembling the tropical disease “beri-beri.” Early in
August 1900 a rapid increase in the number of “ peripheral
neuritis” cases, closely resembling the Dublin beri-beri
cases, was observed in Lancashire. It soon became clear
that there was some connexion between the drinking of beer
and the obscure disease

; and Dr. Eeynolds, Physician to
the Royal JEanchester Infinnaiy, on investigation found
arsenic in the suspected beer. This discovery caused an
immense amount of atimrion to be given to beer. Traces
of arsenic were found in samples from many parts of the
oounby ; but the greatest amounts of arsenic (up to 1
grain per gallon, calculated as arsenious acid, has been

met with) were tiaced to the employment in a number of

breweries of some starch-glucose that had been manu-
factured by the aid of very impure, arsenical, sulphuric

acid by a Lancashire firm. Xumerous deaths were due to

the drinking of such arsenicated beer. It was also soon
discovered that much of the malt used by brewers con-

tained appreciable traces of arsenic, and in hops small
traces were found. Malt and hojjs probably derive

their arsenic from the fact that both are prepared by
an antiquated jjrocess, the drying of both being effected

by the gases and fumes which are given off by coke
or anthracite fires, these fumes passing through the
malt and hop, which absorb therefrom any arsenic that
may be associated with the pyrites occurring in all coal.

Sulphur, often arsenical, is also sprinkled upon the fires

to lighten the colour of malt or hop. All the worst
cases, however, of arsenic in beer were due to arsenical

glucose, prepared by one firm. The use of glucose is

perfectly legal, the brewer having the statutory right
to brew from whatever material he may deem proper,
as long as he pays due revenue to the State—the revenue
being levied upon the basis of the specific gravity of the
wort, every liquor under the Customs and Inland Bevenue

,

Act, 1885, being defined as beer, “which is made or sold
as a description of beer, or as a substitute for beer, which
on analysis of a sample thereof shall be found to contain
more than 2 per cent, of proof spirit.” The fact that
arsenic was liable to occur in glucose and in beer was
known as long ago as 1878, but no quantities in any way
resembling those met with in the recent cases had pre-
viously been observed. Since the use of glucose has

I

become general in brewing, other industrial users of

I

sugar, principally the manufacturers of sweetmeats, jams,
and syrups, have also largely employed glucose, mainly
for the cheapening of their products. FTo doubt the
strict supervision which will henceforth be exercised over
the purity of glucose will render an occurrence such as
that of beer-poisoning by arsenic unlikely in the future

;

but a strong desire has been aroused to draw a distinc-
tion by Act of Parliament between beer made from malt
and hops and such as may be prepared from substitutes,

(o. H.*)

Advertisement, or advertising, as the process
of purchasing publicity is now more commonly called, is of
very recent origin if it be regarded as a serious adjunct
to other phases of commercial activity. In some rudi-
mentary form the seller’s appeal to the buyer must, how-
ever, have accompanied the earliest development of trade.
Under conditions of primitive barter, communities were so
small that every producer was in immediate personal com
tact with every consumer. As the primeval man’s wolfish
antipathy to the stranger of another pack gradually
diminished, and as intercourse spread tiie infection of
larger desires, the trapper could no longer satisfy his
more complicated wants by the mere exchange of his
pelts for his lowland neighbour’s corn and oil. A began
to accept from B the commodity which he could in turn
deliver to C, while C in exchange for B’s product gave toA what D had produced and bartered to C. The mere
s^tement of such a transaction sufficiently presents its
dumriness, and the use of primitive forms of coin soon
simplified the original process of bare barter. It is
reasonable to suppose that as soon as the introduction of
currency marked the abandonment of direct relations
between purchaser and consumer an informal system of
advertisement in turn rose to meet the need of publicity.
At first the offer of the producer must have been brought
to the tEader’s attention, and the trader’s offer to the
notice of the consumer, by casual personal contact, supple-
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mented by local rumour. The gradual gro'VTth of markets

and their development into periodical fairs, to which

merchants from distant places resorted, atibrded, until

printing ^vas invented, the only means of extended

advertisement. In England, during the 3rd century,

Stourbridge Fair attracted traders from abroad as well as

from all parts of England, and it may be conjectured that

the crying of wares before the booths on the banks of the

Stour was the first form of advertisement which had any

marked effect upon English commerce. As the fairs of

the Middle Ages, with the tedious and hazardous journe3’-s

they involved, gradually gave place to a more convenient

system of trade, the loth century brought the in%"en-

tion of printing, and led the w’ay to the modern develop-

ment of advertising. The Americans, to whom the

elaboration of newspaper advertising is primarily due, had

but just founded the first English-speaking community in

the Western hemisphere when the first newspai)er w^as

published in England. But.although the first periodical

pubhcation containing news appeared in the month of

May 1622, the first new^spaper advertisement does not

seem to have been published until April 1647. It formed

a part of No. 13 of Perfect Occurrences of Every Daie

joiirnall in Parliament^ and other 2Ioderate Intelligence^

and it read as follows :

—

A Book applauded by the Clergy of EagJaiul^ called The Divine

Eight of Church Government, Colleked by sundry eminent Ministers

in the Citie of ZondoTi

;

Corrected and augmented in many places,

with a briefe Reply to certain Queries against the ^Ministery of

England

;

Is printed and published for Joseph Hunscot and George

Calvert, and are to be sold at the Stationers’ Hall, and at the

Golden Fleece in the Old Change.

Among the Mercuries^ as the weekly newspapers of

the day were called, was the Mercurms Elencticm^ and in

its 45th number, i)ublished on 4th October 1648, there

appeared the following advertisement :

—

The Reader is desired to peruse a Sermon,
Entituled A Looldng-Glasbefor Levellers,

Preached at St. Peters, Paules Wharf, on Sunday, Sept. 2dth 1648,

by Paul Knell, Mr. of Arts. Another Tract called A lUfleos

upon our Reformers, 'with ayragerfor the EaHiamefiL

In an issue of the MercuTnus Politicus, published by
Marchmont Nedhain, who is described in the ninth edition

of the EncyclopcBdia Britannica (see Newspapers, yoI,

xvii. p. 414) as perhaps both the ablest and the readiest

man that had yet tried his hand at a newspaper/^ there

appeared in January 1652 an advertisement, which has

often been erroneously cited as the first among news-

paper advertisements. It read as follows :

—

Irenodia Gratnlatoria, a heroic poem, being a congratulatory

panegyrick for my Lord General’s return, summing up his suc-

cesses in an exquisite manner. To be sold by John Holden, in

the New Exchange, London, Printed by Thomas Newcouit, 1652.

The article “ On the Advertising System,” published in

the Edinburgh Review for February 1843, contains the

fullest account of early English advertising that has ever

been given, and it has been very freely drawn upon by all

writers who have since discussed the subject But it

describes this advertisement in the Mercurius Politicus

as “ the very first,” and the discovery of the two earlier

instances above quoted was due to the researches of a
contributor to Notes and Queries.

In The Crosby Records, the commonplace-books of

Williaia Blundell, there is an interesting comment, dated

1659, on the lack of advertising facilities at that period

—

It would be very expedient if each parish or viHa^ might have
some place, as the church or smithy, wherein to publish (by papers
jjDsted up) the wants either of the buyer or the seller, as such a
held to be let, such a servant, or such a service, to be had,
Tliere was a book published in London weekly about the year
1657 which was ^led (as I remember) The Eublkk Advice. It
gave information in very many of these particulars.

: S E M E R T
A jeox later the same diarist siiys

—

There is aii ofh(‘e near the Old E\cliange in London call(*(l the
office of Publick Advice. From thence both printed and pi ivvite

inturmation of this iiseiul uatuie aie always to be had. Lut what
they print is no moie than a leaf or leas m adiumal. I w' is in
this oihee. The diuiiial consisted of sixteen pages quaito in lOftb.

In No. 62 of the London Gazette, puldished in June
1666, the first advertisement supplement was announced

—

An Advertisement—Being rbiily prest to the Publication of
Books, Meditines, and othei things" not propeily the business of a
Papei of lutcdligenee, This is to notilie, once lor all, that we will not
eliaige the Gazette with Advertisements, unless they he matter of
State: but that a Paper of Advoitisements will be foithwifli printed
apait, k recommended to the Publick by another hand.

In No. 94 of the same journal, published in October

1666, there appeared a suggestion that sufferers from the

Great Fire ^ould avail themselves of this nieans of

publicity

—

Such as have settled in now habitationb since the late Fiie, and
desire for the convenience of their corieapondence to publish the
jdaoe of their present abode, or to give notice of Goods lost or
found, may repair to the comer House in Bloomsbury" on the East
Side of the Great Square, hefoie the House of the Right Honouiable
the Loid Treasurer, -where there is caie taken for the Receipt and
Publication of such Advertisements.

The earlier advertisements, with the exception of formal

notices, seem to have been concerned exclusively with

either books or quack remedies. The first trade adver-

tisement, w’hich does nob fall within either of these cate-

gories, w^as curiously enough the first advertisement of

a new commodity, tea. The ninth edition of the Encyclo-

posdia Britannica (see Te\, vol. xxiii. p. 101) quotes this

advertisement from the Mercurms Politicos, No. 435, for

September 1658

—

That excellent and by all Phj^sitians approved China Drink,
called by the Ghineans Tcha, by other nations Tay, alias Tee,

is sold at the Sultaness Head, a coiJiee-housc in Sweetings Rents,

by the Royal Exchange, London.

The history of slavery, of prhTiteering, and of many
other curious incidents and episodes of English history

during the l7th and 18th centuries, might be traced

by examination of the antiquated advertisements which
writers upon such subjects have already collectedp In

order that space may be found for some consideration

of the practical aspects of modern advertising, the dis-

cussion of its gradual development must be curtailed.

Nor is it necessary to preface this consideration by any

laboured statement of the importance which advertising

has assumed.

It is a matter of common knowledge that several business

houses are to he found in Great Britain, and a larger

number in the United States, who spend not less than

£50,000 a year in advertising, while one patent medicine

company, operating both in England and the United

States, has probably spent not less than £200,000 in

Great Britain in one year, and an English cocoa manu-

facturer is supposed to have spent £150,000 in Great

Britain. Some of the best works of artists as distin-

guished as Sir John Millais, Professor Herkomer, and Mr.

Stacy Marks, have been scattered broadcast by advertisers.

The purchase of Sir John Millais’ picture “Bubbles” for

£2200 by the proprietors of a well-known brand of soap,

is probably the most remarkable instance of the expenditure

in this Erection which an advertiser may find profit-

able. There are in London alone more than 350 advertise

ing agents, of whom upwards of a hundred are known as

men in a considerable way of business. The statements

which from time to time find currency in the newspapers

with regard to the total amount of money annually s]^nt

upon advertising in Great Britain and in the United

States are necessarily no better than conjectures, but no
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OTOQ sense of propriety, ’but by fear of (lending the sense

of propriety in their CTistomers*

Posters and placards in railway stations and^ upon

public vehicles still embarrass the traveller who desires to

hnd the name of a station or the destination of a vehicle.

In respect of all these abuses it is a regrettable fact that

unpopularity cannot be expected to deter the advertiser.

If a name has once been fixed in the memory, it remains

there long after the method of its impression has been

forgotten, and the purpose of advertisements of the class

under discussion is really no moie than the fixing of a

trade name in the mind. The average man or woman

who goes into a shop to buy soap is more or less affected

by a vague sense of antagonism toward the seller. There

is a rudimentary feeling that even the most ordiimry

transaction of purchase brings into contact two minds

actuated by diametrically opposed interests. The pur-

chaser, who is not asking for a soap he has used before,

has some hazy suspicion that the shopkeeper will try to

sell, not the article best worth the price, but the article

which leaves the largest margin of profit; and the pur-

chaser imagines that he in some measure secures himself

against a bad bargain when he exercises his authority by

asking for some specific brand or make of the commodity

he seeks. If he has seen any one soap so persistently

cidvertised that his memory retains its name, he will ask

for it, not because he has any reason to believe it to be

better or cheaper than others, but simply because he

baffles the shopkeeper, and assumes an authoritative

attitude by exerting his own freedom of choice. This

curious and obscure principle of action probably lies at

the root of aU poster advertising, for the poster does not

set forth an argument as does the newspaper advertise-

ment It hardly attempts to reason with the reader, but

merely impresses a name upon his memory. It is possible,

by lavish advertising, to go so far in this direction that

the trade-mark of a certain manufacturer becomes synony-

mous with the name of a commodity, so that when the

consumer thinks of soap or asks for soap, his concept

inevitably couples the maker^s name with the word “ soap
|

itself, fa order that the poster may leave any impression

upon his mind, it must of course first attract his atten-

tion. The assistance which the advertiser receives from

the artist in this connexion is discussed in the article

POS^TJEES.

ThO'faet that the verb “to circularize ” was first used

in 1848, suffliciently indicates the very recent origin of

the practice of plying possible purchasers with

printed letters and pamphlets. The penny

TitvaiJc. postage was not established in England until

1840 ;
the halfpenny post for circulars was not

introduced until 1855. In the United States a uniform
rate of postage at two cents was not established until

1883. In both countries cheap postage and cheap printing

have so greatly encouraged the use of circulars that the

sort of people whom the advertiser desires to reach—those

who have the moat money to spend, and whose addresses,

I>ublished in directories, indicate their prosperous con-

dition—are overwhelmed by tradesmen’s price-lists, appeals

from, charitable institutions, and other suggestions for the

spending of money. The addressing of envelopes and
endosing of circulars is now a recognized industry in

many large towns both in Great Britain and in the United
States. It seems, however, to be the opinion of expert
advertisers that what is called “general circularizing ” is

unprofitable, and that circulars should only be sent to

persons who have peculiar reason to be interested by their

specific subject-matter. It may be noted, as an instance

of the assiduity with which specialized circularizing is

pursued, that the announcement of a birth, marriage, or

death in the newspapers serves to call forth a grotesque

variety of circulars supposed to be adapted to the moment-

ary needs of the recipient.

In concludmg this review' of methods of advertising,

other than advertisements in peiiodical publications, we
may add that the most extraordinary attempt at advert-

isement which is known to exist is to be found at the

churchyard at Godaiming, Surrey, where the following

epitaph was placed upon a tombstone :

—

Sacred
To the memory of

Hathaniel Godbold Esq.

Inventor & Proprietor

of that excellent medicine
The Vegetable Balsam

For the Cure of Consumptions & Asthmas.
He departed this Life

The 17th. day of Deer. 1799
Aged 69 years.

Hie Ciueres, nbique Fama.

The preparation of advertisements for the periodical

press has within the last twenty years or so become so

important a task that a great number of wnriters

and artists—many of the latter possessing con- tising in

siderable abilities—^gain a livelihood from this periodicni

pursuit. The ingenuity displayed in modern py6//cra-

newspaper advertising is unquestionably due to

American initiative. The English newspaper advertise-

ment of twenty years ago consisted for the most part of

the mere reiteration of a name. An advertiser who look

a column’s space, supplied enough matter to fill an inch,

and ingenuously repeated his statement throughout the

column. Such departures from this childlike method as

were made were for the most part eccentric to the point

of incoherence. It may, however, be said in defence of

English advertisers, that newspaper publishers for a long

time sternly discountenanced any attempt to render

advertisements attractive. So long as an advertiser was
rigidly confined to the ordinary single-column measure,

and so long as he was forbidden to use anything but the

smallest sort of type, there was very little opportunity for

him to attract the reader’s attention. The newspai)er

publisher must always remember that the public buy a
newspaper for the sake of the news, not for the sake of

the advertisements, and that if the advertisements are

relegated to a position and a scope, in respect of display,

so inferior that they may be overlooked, the advertiser

cannot afford to bear his share of the cost of publication.

Of late The Times, followed by almost all newspapers in

the United Kingdom, has given the advertiser as great a
degree of liberty as he really needs, and many experienced
advertisers in America incline to the belief that the larger

license accorded to American advertisers defeats its owm
ends. The truth would seem to be that the advertiser

will always demand, and may fairly expect, the right to

make his space as fantastic in appearance as that allotted

to the editor. When some American editors see fit to

print a headline in letters as large as a man’s hand, and to

begin half-a‘-dozen different articles on the first page of a
newspaper, continuing one on page 2, another on page 4,

and another on page 6, to the bewilderment of the reader,

it can hardly be expected that the American advertiser

should submit to any very strict code of decorum. The
subject of the relation between a newspaper proprietor

and his advertisers cannot be dismissed without reference
to the notable independence of advertisers’ influence,

which Englidi and American newspaper proprietors
authorize their editors to display. Whenever an insurance

company or a bank goes wrong, the cry is raised that all

the editors in Christendom had known for years that the
directors were imbeciles and rogues, but had conspired to
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keep mute for the sake of an occasional advertisement.

When the British public persisted, not long ago, in paying

premium prices for the shares of over-capitalized com-

panies, the crash had no sooner come than the newspapers

were accused of having puffed promotions for the sake of

the money received for publishing prospectuses. As a

matter of fact, in the case of the best dailies in England

and America, the editor does not stand at all in awe of

the advertiser, and time after time the Money Article has

ruthlessly attacked a promotion of which the prospectus

appeared in the very same issue. It is indeed to the

interest of the advertiser, as well as to the interest of the

reader, that this independence should be preserved, for

the worth of any journal as an advertising medium
depends upon its possessing a hondrfide circulation among
persons who believe it to be a serious and honestly-con-

ducted newspaper. All advertisers know that the minor

weeklies, which contain nothing but trade puffs, and are

scattered broadcast among people who pay nothing for

their copies, are absolutely worthless from the advertiser’s

point of view. The most striking difference between the

periodical press of Great Britain and that of America is,

that in the former country the magazines and reviews play

but a secondary rdle, while in the United States the three

or four monthlies possessing the largest circulation are of

the very first importance as advertising mediums. One
reason for this is that the advertisements in an American

magazine are printed on as good paper, and printed with

as great care, as any other part of the contents. There

are probably very few among American magazine readers

who do not habitually look through the advertising pages,

with the certainty that they will be entertained by the

beauty of the advertiser’s illustrations and the quaint

curtness of his phrases. Another reason is that the

American monthly magazine goes to all parts of the

United States, while, owing to the time required for long

journeys on even the swiftest trains, no American daily

paper can have so general a circulation as The Times in

the United Kingdom. In comparison with points on the

Pacific coast, Chicago does not seem far from New York,

yet, with the exception of one frenzied and altogether

unsuccessful attempt, no New York daily has ever at-

tempted to force a circulation in Chicago. The American

advertiser would, therefore, have to spend money on a

great number of daily papers in order to reach as wide-

spread a public as one successful magazine offers him.

There is reason to believe that the English magazine

l)ublishers have erred gravely in taking what are known
in the trade as “insets,” consisting of separate cards or

sheets printed at the advertiser’s cost, and accepted by the

publisher at a specific cliarge for every thousand copies.

This system of insetting has the grave inconvenience that

the advertiser finds himself compelled to print as many
insets as the publisher asserts that he can use. The
publisher, on the other hand, is somewhat at the mercy
of too enthusiastic agents and employes, who estimate

over-confidently the edition of the periodical which will

probably be printed for a certain month, and advertisers

have had reason to fear that many of their insets were

wasted. The added weight and bulk of the insets cause

inconvenience and expense to the newsdealer, as two or

three insets printed upon cardboard are equivalent to at

least sixteen additional pages. Some newsdealers have
further complicated the inset question by threatening to

remove insets unless special tribute be paid to them ; and
with aU these diSiculties to be considered, many magazine
publishers have seriously considered the advisability of

altogether discontinuing the practice of taking insets, and
of confining their advertisements to the sheets they them-
selves print. In connexion with this subject, it may be

added that many readers habitually shake loose bills out

of a magazine before they begin to turn the pages, and that

railway stations, rail'way carriages, and even public streets,,

are thus littered with trampled and muddy advertisements..

The old practice of distributing handbills in the streets is-

dying a natural death, more or less hastened by local bye-
laws, and when the loose bills in magazines and cheap
novels have ceased to exist no one wiU be the loser.

Advertisements in the weekly press are on the whole
more successful in England than in America. A few
American weeklies cope successfully with the increasing

competition of the huge Sunday editions of Americans

daily papers. But even the most successful among them—2, paper for boys—^has hardly attained the prosperity

of some among its English contemporaries in the field of
weekly journalism.

The merchant who turns to these pages for practical^

suggestions concerning the advertising of his own business^,

can be given no better advice than to betake himself to
an established advertising agent of good repute, and be
guided by his counsels. The chief part that he can him-
self play with advantage is to note from day to day
whether the agent is obtaining advantageous positions

for his announcements. Every advertiser will naturally

prefer a right-hand page to a left-hand page, and the right

side of the page to the left side of the page
;
while the:

advertiser who most indefatigably rsges his claims upon
the agent will, in the long run, obtain the largest share of

the favours to be distributed. To the merchant who-
inclines to consider advertising in connexion with the

broader aspects of his calling, it may be suggested that

a new channel of trade demands very serious attention.

What is called in England “postal trade,” and in America
“mail order business,” is growing very rapidly. Small**

dealers in both countries have complained very bitterly

of the competition they suffer from the general dealer©

and from stores made up of departments which, under one
roof, offer to the consumer every imaginable sort of merchan-
dise. This general trading, which, on the one hand, seriously

threatens the small trader, and on the other hand offer©

greater possibilities of profit to the proportionately small

number of persons who can undertake business on so large

a scale, becomes infinitely more formidable when the

general dealer endeavours not only to attract the trade of

a town, hut to make his place of business a centre from
which he distributes by post his goods to remote parts of

the country. In America, where the weight of parcels^

carried hy post is limited to four pounds, and where the

private carrying companies are forced to charge a very

much higher rate for carriage from New York to California-

than for shorter distances, the centralization of trade is

necessarily limited
;
hut it is no secret that, at the present

moment, persons residing in those parts of the United
Kingdom most remote from London habitually avail

themselves of the English parcel post, which carries pack-

ages up to eleven pounds, in order to procure a great

part of their household supplies direct from general dealer©

in London. A trading company, which conducts Its

operations upon such a scale as this, can afford to spend

an almost unlimited sum in advertising throughout the

United Kingdom, and even the trader who offers only one
specific class of merchandise is beginning to recognize the
possibility of appealing to the whole country.

With regard to the literature of advertising, it need

only be added that, in addition to the historical article ins

the Edinburgh Itevimv for February 1843, already men-
tioned, and that ia the Qua/rterlg Remew for June 1855,

the advertisers’ handbooks, issued by the leading adver-

tising agents, will be found to contain practical informatioa

of great use to the advertiser. (h. r. h.*)
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Adye, Sir John Miller (1819 1900), Bntisli

general and colonel commandant royal artillery, son of Major

James P Adye, loyal artillery, was born at Sevenoaks, Kent,

on th.e 1st of Kovembei 1819 He enteied the royal artillery

in 1836, was promoted captain in 1846, and served through

out the Crimean War of 1854-56 as brigade major and assist

ant adjutant general of artillery (medal with four clasps,

Turkish medal, third class of the Legion of Honour, fourth

class of the Medjidie, CB, and brevets of major and

heut colonel) In the Indian Mutiny he served on the

staff m a similar capacity (medal) Promoted brevet

colonel m 1860, he was specially employed in 1863 m the

N W frontiei of India campaign (medal with clasp), and

was deputy adjutant-general, Bengal, from 1863 to 1866,

when he returned home Prom 1870 to 1875 Adye was

director of artillery and stores at the War Office, where

his influence was used to prevent the introduction of

breech loading ordnance He was made a K C B m 1873,

having taken an active part m Mr Cardwells army
reform He was promoted to be major general and

appointed governor of the Eoyal Mihtary Academy at

Woolwich m 1875, and surveyor geneial of the ordnance

in 1880 In 1882 he was chief of the staff and second

in command of the expedition to Egypt, and served

throughout the campaign (medal with clasp, bronze star,

second class of the Medjidie, GOB, and thanks of Parlia-

ment) He held the government of Gibraltar from 1883
to 1886 Promoted heut general m 1879, and general

and colonel commandant of royal artillery in 1884, he

retired m 1886 He unsuccessfully contested the Parlia.-

mentary representation of Bath m the Liberal interest m
1892 He died on 26th August 1900, when on a visit to

Lord Armstrong in Northumberland He was the author
of A Eevim of the Crvmean War , The Defence of Gawnr
pore , A Frontier Gampmgn %n Afghanistan , Recollections

of a Mihimy Life

,

and Indian Frontier Fohey
(e H v)

/EgfStdOSy or -Agates, in Italian Egadi, a group
of islands lying W of Sicdy and belonging to the prov of

Trapam, the largest being Marittimo, the ancient Hiera^
rising to 2244 feet in Mount Falcone, Levanzo, the
ancient Fhorbantia^ nsing to 951 feet, and Favignana,
the Q.neie'nt jEgusa

j

altitude, 1070 feet, area of all, 70
scpiare mdes Total population (1901), 6419 They carry
on tunny and sponge fishing Manttimo has a state prison,
and produces honey and capers Chief town and port,

Favignana
, cleared annually by some 400 vessels of about

100,000 tons Population (1901), 5001

AoltrCi a town of Belgium, m the provmce of East
Flanders, 12 miles W by N of Ghent by rail, near
the Ghent and Bruges canal Its trade is mainly in linen
and wood Population (1900), 6261 , communal (1880)
7020, (1897), 7174

^

AcronsiU'fcicSa— Notwithstandmg the prejudice
consequent on past failures and upon premature assertion
of impending success, the advance m aeronautics smee
the pubhcation of the nmth edition of this work has
been greater and more rapid than at any tune in history
This ^vance has consisted m —(1) The evolution of hght
motors, (2) the elucidation of natural laws, (3) many
partially successful expenments Electric, steam, gas, or
petroleum engines have been reduced to a fraction of their
former weights, formerly-accepted data for computatLons
have been quite superseded, and numerous experiments
have been made
Few scientific men have imitated Mr Glaosherm TYiA^ln-n^

Bsttoons,
ascents for meteoroliogical observations.

Sivel, Groce-Spioaelli, and TissandSer, who reached
27,950 feet on 15th April 187^ werq asphyxiated, and only

Tissandier came down alive This put a stop to such

attempts for a time
,
but Gioss and Berson attained 25,840

feet on 11th May 1894, Berson reached 29,740 feet on 4th

December 1894, recording a temperature of — 54° F
,
and

Berson and Spencer are stated by the latter to have attained

27,500 feet on 15th September 1898, the thermometer
registering - 29° F The personal danger attending such
ascents led Hermite and Besan9on to inaugurate in

November 1892 the sending up of unmounted balloons

(Ballons Sondes), equipped with automatic recoidmg instru

ments (see Meteoeology) On 11th July 1897, Andice,
Stnndberg, and Franliel ascended fiom Spitzbergen in a
daring attempt to reach the North Pole by balloon One
earner pigeon, apparently liberated forty eight houis after

the start, was shot, and two floating buoys with messages
were found, but nothing more has been heard of the

explorers

From the very first invention of balloons the problem
has been how to navigate them by propulsion General
Meusnier proposed an elongated balloon in 1784 It vas
experimented on by Robert Brothers, who made tv o ascen-

sions and claimed to have obtained a deviation of 22° from
the direction of a light wind by means of acnal oars

worked by hand The relative speed was probably about
3 miles an hour, and it was so evident that a very much
more energetic light motor than any then known was
required to stem ordinary winds that nothing moio was
attempted till 1852, when Giffard ascended with a steam-
engme of then unprecedented lightness The subjoined
table exhibits the subsequent progress which has been
made —

ExpenmentB with Dingihle Balloons

Year Inventor
Length

Diameter
Contents

T\

eight

of

1
Balloon

j
11 I

- 1

'"al

Ft Ft Cub ft lb lb rt Hil a
1852 Giffard 144 39 88 300 3^8 4t- 3 0 i '’L
18'-2 De Lome 118 49 120 088 8 358 4 ^28 a.0U0 08 t -0
1884 Tissandier 92 30 37 439 2^28 933 010 1 5

1

S2
1885 Eenard and 165 27 65 836 4 402 2 449 11^4 JO

!

U 00
Krebs

189r Wolfert 1 92 28 80
1897 Soh.warz

'

157 130 500 8133 6 800 6009 16 0 17 00
190Q Xeppelin 420

11

SQ 400 000 2j 000 19 000 1500
1

32 0 18 00

Giffard, thefatuie inventor of the injector, devised a steam engine
weighing, with fael and water for one hour, 154 lb j)er horse power,
and was bold enough to employ it in proximity to a balloon mtlated
wi+h coal gas He was not able to stem a mtdmm wind, but
attained some deviation He repeated the experiment in 1855 with
a more elongated spindle which proved unstable and dangoious
Bunng the siege of Pans the Government decided to build a
navigable balloon, and entrusted the woik to the chief naval eon
stiuctor, Dupuy de Ldme He went into the subject very caiefully,
made estimates of all the stiains, resistances and speeds and tested
the balloon in 1872 Deviations of 12® were obtained fiom the
course of a wind blowing 27 to 37 miles per hour The screw
propeller was driven by eight labourers, a steam engine leing
deemed too dangerous but it was estimated that had one been used,
weighing as much as the men, the speed would have been doubled
Tissandier and his brother applied an electric motor, lighter than
any previously built to a spindle shaped balloon, and went ut)
twme in 1883 and 1884 On the latter occasion he stemmed a wind
^ V

hrotheis abandonei these experiments,
^ich had been carried on at their own expense, when the Fiench
War Department took up the problem Renai I and Krebs, the
omcers in charge of the War Aeronautical Department at Meiidon
bimt and expeumented with in 1884 and 1885 the fusiform balloon
La Fiance, m which the master or maximum section was

about one quaiter of the distance from the stem The propellinfr
screw was at the front of the car and driven by an electric motor
ot unprecedented lightness Seven ascents were made on very calmws, a maximum speed of 14 miles an hour was obtained, and the

POUit on five of the seven occasionsBmoe thM another balloon has been oonstniote 1 said to be capable
of a raeed of 22 to 28^es per hour, mth a different motor f butno tests are known to the public and the secrets of this war engine
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are caT efully guarded. After many years of experiment Dr Wolfert
bmlt and experimented with in Berlin, in 1897, a cigar shaped
balloon driven by a gasoline motor. An explosion took place in
the air, the balloon fell, and Dr Wolfert and his assistant vere
killed. It was also in 1897 that an aluminium balloon was built
from^ the designs of D. Schwarz (then deceased) and tested in
Berlin. It was driven by a Daimler benzine motor, and attained a
greater speed than “La France”

; but a driving belt slipped off its
pulley, and in coming down the balloon was injured beyond repair.

!

From 1897 to 1900 Count Zeppelin, of the German aimy, was
engaged in constructing an immense balloon, truly an air ship, of
most careful and most intelligent design, to carry five men. It was
first tested in June 1900, when it attained a speed of 18 miles an
hour and tiavcdled a distance of 3^ miles befoie an accident to the
steering gear necessitated the discontinuance of the experiment.
In 1901 M. Santos Dumont carried out some more or less success-
ful experiments w ith a dirigible balloon in Paiis.

The principles which govern the design of the dirigible

balloon may be said to have been evolved. As the lifting

power grows as the cube of the dimensions, and the

resistance approximately as the square, the advantage lies

with the larger sizes of balloons, as of ocean steamers, up
to the limits within which they may be found practicable.

Count Zeppelin may have reached the limit as to practicable

size. Ho has gained an advantage by attaching his pro-

pellers to the balloon, instead of to the car as heretofore

;

but this requires a rigid framework and a great increase of

weight. Le Gompagnon endeavoured, in 1892, to substi-

tute flapping wings for rotary propellers, as the former can

be suspended nearer the centre of resistance. Danilewsky

followed him in 1898 and 1899, but thus far without

remarkable results. Dupuy de L6me was the first to

estimate in detail the resistances to balloon propulsion,

but experiment showed that in the aggregate they were

greater than he calculated. Benard and Krebs also found

that their computed resistances were largely exceeded,

and after revising the results they gave the formula

K~ 0*01 685 E, being the resistance in kilograms,

D the diameter in metres, and V the velocity in metres

per second. Reduced to British measures, in pounds, feet,

and miles per hour, R = 0*0006876 D^V^, which is somewhat

in excess of the formula computed by Dr Pole from De
Lome’s experiments. The above coefficient applies only

to the shape and rigging of the balloon La France,” and

combines all resistances into one equivalent, which is equal

to that of a flat plane 18 per cent, of the ^‘master section.”

This coefficient may perhaps hereafter be reduced by one-

half through a better form of hull and car, more like a fish

than a spindle, by diminished sections of suspension lines

and net, and by placing the propeller at the centre of

resistance. To compute the results to be expected from

new projects, it will be preferable to estimate the resist-

ances in detail. The following table shows how this was

done by De L6me, and the probable corrections which

should have been made by him :

—

Resistances—De L&me^s Balloon.

Computed by De L6me. V== 2*22 m. per sec.
More Probable Values.
V=2’82 m. per sec.

Part.

Area,

Sq.

Metre.

Coefficient.

Air

Pressure.

Resistance,

Eg.

Coefficient.

Air

Pressure.

Resistance,

Eg.

Hull, with-

out net.

172-86 1/30 0-665 3*830 1/15
,

0-875 10-091

Car , 3*25 1/5 0-432 1/S 0*569

Men's bodies 3-00 1/5 0*400 1/2 1*312

Gas tubes . 6*40 1/5 j)
0-850 1/2 9)1

2-750

Small cords 10*00 1/2 3-325 1/2 i)
4-375

Large cords 9*90 1/8 2-194

11-031

1/3 99
2-887

21*984

101

When the resistances have been reduced to the lowest
possible minimum by careful design, the attainable speed
will depend upon the efficiency of the propeller and the
relative lightness of the motor. It seems not unlikely that

30 miles per hour can be attained in the near future
;
but

the commercial uses will be small, as the balloons must
remain housed when the wind aloft is brisk. The sizes

will be great and costly, the loads small, and the craft frail

and short-lived, yet dingible balloons constitute the proper
type for “Governments to evolve, until they are superseded

by efficient flying machines.

While the flying machine is still inferior to the balloon

in performance and safety, it has made more progress since

1888 than during the preceding three centuries.

Investigation has turned from flapping wings and
from sustaining screws to the aeroplane type, and
encouraging results have been obtained not only with
models but with full-sized machines. The flights have been
very short and hazardous, but the speeds have been much
greater than with balloons. The danger involved in the

proximity of fire to gas being absent, Maxim, Langley,

Ader, and others have produced steam motors weighing

10 S> or less per horse-power. This, it is true, is exclusive

of fuel and water, and the engines work nearly to the limits

of endurance
;
but the automobile industry is developing

gasoline motors which are nearly as Kght, and these may
prove better adapted to aerial propulsion. Knowledge has

been greatly increased as to the laws of flight. Professor

Marey has furnished new data concerning bird locomotion,

and Professor Langley has elucidated the problem of air

reactions on oblique planes. Physicists still computed,
down to 1891, the normal pressures upon oblique planes

as varying in the ratio of the square of the sine of the

angle of incidence or, at best, in the ratio of the sine of

that angle. Langley showed, by extensive experiments,

that this normal had nearly twice the assigned value, and
that Duchemin^s empirical formula

2sina

which was proposed about 1838 but not adopted, was
approximately correct for oblique planes. More than this,

Lilienthal showed, about the same time, that concave bird-

like surfaces afforded from three to seven times as much
support as planes at acute angles of incidence, and gave

also a small propelling component, so that former views and

modes of calculating the surfaces and power required for

Principal Experiments with Flying Machines.

Year, Inventor.

Tip

to

Tip.

Surface. Weight.
Pounds

per

square

foot.

Speed

per

hour. i
s

I

1

Motor.

I

u

1

(2

0

1
Pounds

sustained

per

Horse-Power.

1879 Tatin.
Ft.
6-2

Sq ft.

7-5
lb.

3-85 0-51
Mis
18

Ft.
lOO? Com- 0 03 UO’

1885
,
1 Hargrave 6-5 26-0 5-00 0-19 10 343

pressed
air

ooe' 79

1889 / (No, 16)

18931 Phillips . 22*0 136 0 402-00 3-00 28 600^ Steam 5-6 72?

1894:! Maxim* 50-0 4000-0 8000-00 2*00 36 30(Fi „ 363-00 28

1896 Langley , 12-0 ro-0 30-00 0-43 24 4000 1-00 30

1897 Tatin and 21*0 86-0 72-00 0*83 40 460 ” 1*33 65

1897
Richet

Ader*^ 49'0 270*0 1100 OO 4-00 50? 100?

1

40-00 27

18951 Lilienthal* 23*0 161-0 220 00 1-46 23 1200 Gravity 2-00 110

1896 Pilcher* . 23-0
! 170 0 200 00 1-17 25

1

900 2-00 100

1896
[

Ohanute*! 16-0 135 0 178-00 1-31 22
1

360 2-00 89

flight have been quite revolutionized. Experiments have

therefore been more intelligent and more successful than

^ The pounds sustained per horse-power in the last three experiment^f

will probably be reduced one-half when an artificial motor is substi-

tuted for gravity.
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.i€Yer before. It can no longer be said that men have never 1 but this was still very good. The equilibrium was defec-

flown through the air. The preceding table (p. 101) exhibits
|
tive and greatly shortened the possible flights. A score

of different models have been

produced by Hargrave, of New
South Wales, since 1885. His
No. 16 has been selected for

the table given. It consisted

in a body plane of kite shape,

propelled by a pair of flap])ing

vanes at the front (Figs. 1, 2,

3). Hargrave built a number
of steam - engines weighing
about 10 lb per h.p., but found
such difficulties that ho turned

his attention to oil motons. j le

advocates large surfaces and
low speeds, and hopes to main-
tain those proportions by sus-

pending a motor and i)ropellers

from a tandem team of the Cellular Kites '' which he has
invented, and with which he has been lifted from the
ground. The apparatus of Phillips resembles a Venetian
blind. The slats are of wood, convex on the upper sur-

face and concave beneath. The lift is apparently very
good, but the stability is defective. After many pre-

liminary experiments on air reactions, Maxim tested, in

1894, a very large flying machine, a marvel of ingenuity
and mechanical skill, carrying three men. It consisted in
a combination of superimposed aeroplanes, driven by two
screw propellers, which were rotated by a compound steam-
engine of 363 h.p., weighing with its adjuncts some 10 lb

per h.p. The apparatus gathered speed on a railway
track, and demonstrated that it could lift much more than
its own weight

;
but the pounds sustained per h.p. were

less than was expected, probably by reason of head resist-

ance caused by many ^y wires, and the stability was
inadequate. After publishing his ExperivienU in At^rody^
namic§ in 1891, Langley produced in 1896 a steam-driven
flying model, with which he obtained the longest flights

Fig. 1.—General appearance of Hargrave’s flying macliine. (From. JSnffineering.)

'4he more important performances, and attention is called to

;the columns of pounds imposed per square foot, to the result-

PiG. 2.-—Engine for Hargrove’s flying machine. From
EngiTuermg.)

ing speed required for sup-

port, and to the pounds sus-

tained per horse-power (the

•apparatus marked thus *

.carried a man or men).

The first aeroplane of

‘Tatin (1879) consisted of a
pair of flat wings and a
tail, traction being ^obtained
from two screw propellers

.at the front. The horse-

power was arrived at by
allowing 25 to 30 per cent.

-of that shown by the indi-'

« cator for the compressed
air. When Tatin and Richet
substituted steam in 1897
tbey only sustained about half as many pounds per h.p. •

Fro. 8.--Another type of engine for Hargrave’s flying
machine. Engineenng.)

ever known. The apparatus consisted of
two pairs of wings and a tail, with two

^

screw propellers, driven by a high pres-
sure steam-engine of 1 h.p. weighing but 7 lb. The
longest flight was over | of a mile, and the appa-^ lighted safely on each of the three flights made,^e 1^ per horse-power was low, for a variety of reasons,

Sood- After having tested, in
1872 and 1891, two full-sized flying machines, produmne
in^rent resulte, Ader built, in 1897, a third appaiatii
with funds furnished by the Trench Government. This
rep^uced the structure of a bird with almost servile
mutation, save that traction was obtained by two screw pro-



Santos-Dumont’*s Balloon in Flight.

(From a Photograph hy J. Giletfa^ Nice.)

Santos-Dumont’s Balloon, Bear View, showing Ktjdder and Propellek.

(From a Photograph "by Otto Barca, Paris.)
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pellers (P'igs 4-, 5). The steam-engines weighed about 7 lb
per h.p., but the equilibrium of the apparatus was defec-
tive.

^

To Lilienthal belongs the double credit of demon-
strating the superiority of arched surfaces over planes,
and of reducing gliding flight to regular practice. He
made over 2000 glides safely, using gravity as a motive-
power, with various forms of apparatus, consisting of
concave bat-like wings, in some cases superimposed. It

Fio. 4.~Ader’s “ Avion in position for flight. (From The Scientific American.)

was with a machine of the latter type that he was upset
by a vsudden gust of wind and killed in 1896. Pilcher
improved somewhat upon Lilienthal’s aiiparatus, but used
the same general method of restoring the balance, when
<‘ndangered, by shifting the weight of the operator's body.
Ho made several hundred glides in safety, until he too
was upset by a gust of wind and killed in 1899. Chanute
confined his endeavours exclusively to the evolution of

automatic stability, and made the surfaces movable instead

of the man. Ho obtained over 1000 glides without accident

with two different types of apparatus. The last three

(‘xperimenters have claimed that it is not impossible for

man to imitate the soaring flight of certain birds, wherein
support and propulsion are obtained from the wind alone

under certain favourable conditions.

The very flrst essential for success is safety, which will

probably only be attained with automatic stability, and
the foregoing account indicates that it is for lack of this

that all the experiments have shown such slight success.

Safety and stability are therefore to be sought first.

The underlying principle is that the centre of gravity

shall at all times be on the same vertical line as the centre

of pressure. The latter

varies with the angle of

incidence. For square

planes it moves approxi-

mately, as expressed

by Joessel's formula

:

C = (0*2 + 0'3 sin a)L, in

which 0 is the distance

from the front edge, L
the length fore and aft,

and a the angle of in-

cidence. The movement
is different on concave

surfaces, but has not been

formulated. The term

Aeroplane is understood

to apply to flat sustain-

ing surfaces, but ex-

periment indicates that

arched surfaces are more

efficient. Langley has

proposed the word Aerod/rorm, which seems the preferable

term for apparatus with wing-like surfaces. This type is

the one which results point to as the proper type for further

experiments. With this it seems probable that, with well-

designed apparatus, 40 to 50 can be sustained per indi-

cated h.p., or about twice that quantity per resistance or

•^'thrust” h.p., and that some 30 or 40 per cent, of the

weight can be devoted to the machinery, thus requiring

motors, with their propellers, shafting, supplies, &c.,
weighing less than 20 ft> per h.p. The problem, then,
is how they should be designed. The knowledge evolved
within the last few years has at last made it practicable to
give some data for calculating the effects to be expected,
with some confidence that they will not be far wrong. It
is evident that an apparatus must be designed to be as
light as possible, and also to reduce to a minimum all

resistances to propulsion. This being kept
in view, the strength and consequent section

required for each member may be calculated

by the methods employed in proportioning
bridges, with the di&rence that the support
(from air pressure) will be considered as

uniformly distributed, and the load as con-

centrated at one or more points. Smaller

factors of safety may also have to he used.

Knowing the sections required and unit

weights of the materials to be employed, the

weight of each part can be computed. If a model has
been made to absolutely exact scale, the weight of the

fuU-sized apparatus may approximately he ascertained Ly
the formula

in which W is the weight of the model, S its surface, and
W' and S' the weight and surface of the intended apparatus.

Thus if the model has been made one-quarter size

in its homologous dimensions, the supporting surfaces

wiU be sixteen times, and the total weight sixty-fonr

times those of the model. The weight and the surface

being determined, the three most important things to

know are the angle of incidence, the ‘‘lift,” and the

Fio. 6.—Ader’s “ Avion ” Tvith tlie -wings folded. (From The Scientific American.)

required speed. The fundamental formula for rectangojar

air pressure is well known : P = KV^S, in which P is the

rectangular normal pressure, in pounds or kilograins, 'K

a coefficient, (0*0049 for British, and O'U for metric

measures), T the velocity in miles per hour or in metres

per second, and S the surface in square feet or in square

metres. The normal on oblique surfaces, at various angles

of incidence, is given by the formula P^KV^S??, which
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latter factor is given both for planes and for arched

surfaces in the subjoined table :

—

Percentages of Air Pressure at Various Angles

of Incidence.

Planes: Dtjohem:in Formula.

1 + sin^a

Wings: Lilienthal.

Concavity 1 in 12.

Normal. Lift.

Tjcosa

Drift.

Tjsintt

Normal, Lift.

TjCOSa .

0*0 0*0

0*040 0*0396

0*080 0*0741

0*120 0*1193

0*160 0*1594

0*200 0*1995

0*242 0*2416

0*286 0*2858

0*332 0*3318

0*0 0*0 0*0 0*381 0*3810

0*035 0 035 0*000611 0*434
I

0*434

0*070 0*070 0*00244 0*489 0*489

0*104 0*104 0*00543 0*546 0*545

0*139 0*139 0*0097 0*600 0-597

0*174 0*173 0*0152 0*650 0*647

0*207 0*206 0*0217 0*696 0*692

0*240 0*238 0*0293 0*737
1

0*731

0*273 0*270 0*0381 0*771
' 0*763

0*305 0*300 0*0477 0*800 0*790

0*337 0*332 0*0585 0*825 0*812

0*369 0*362 0*0702 0*846 0-830

0*398 0*390 0*0828 0*864 0-845

0*431 0*419 0*0971 0*879 0-856

0*457 0*443 0*1155 0*891
1

0*864

0*486 0*468 0*1240 0*901 0*870

Tan-
Drift. gential

Tjsiria. force.

0*0

-0-0055
-0*0097
-0*0125
-0*0139
-0*0139
-0*0126
- 0*0100
-0*0058
- 0*0

+ 0*0075

+ 0*0170

+ 0*0285

+ 0*0418

+ 0*0566

+ 0*0727

+ 0*0898

+ 0*1072

+ 0*1251

+ 0*1432

+ 0*1614

+ 0*1803

+ 0*1976

+ 0*2156

+ 0*2332

+ 0*070

+ 0*067

+ 0*064

+ 0*060

+ 0*055

+ 0*049

+ 0*013

+ 0*037

+ 0*031

+ 0*024

+ 0*016

+ 0*008

0*0

-0*007
-0*014
- 0*021

-0*028
-0*035
-0*042
-0*050
-0*058
-0*064
-0*070
-0*074
-0*076

Tbe sustaining power, or ^^lift,” wbicb in horizontal

flight must be equal to the weight, can be calculated

by the formula : L = KY^ST^cosa, or the factor may be

taken direct from the table, in which the lift and the
“ drift ” have been obtained by multiplying the normal rj

by the cosine and sine of the angle. The last column
shows the tangential pressure on concave surfaces which
Lilienthal found to possess a propelling component between
3“ and 32°, and therefore to be negative to the relative

wind. Former modes of computation indicated angles of
10° to 15° as necessary for support with planes. These
were prohibitory in consequence of the great “ drift ”

;
but

the present data indicate that, with concave surfaces, angles

of 2° to 5° will produce adequate lift.” To compute the
latter the angle at which the wings are to be set must flxst

be assumed, and that of +3° will generally be found
preferable. Then the required velocity is next to be
computed by the formula :

T= V KSi?cosa

or for concave wings at + 3°

:

/ZZI“ V 0*545KS‘

Having thus determined the weight, the surface, the
angle of incidence, and the required speed for horizontal
support, the next step is to calculate the power required.
This is best accomplished by first obtaining the total
resistances, which consist of the “ drift ” and of the head
resistances due to the hull and framing. The latter are
amved at preferably by making a tabular statement

* similar to that shown under the head of balloons, showing
all the spars and parts offering head resistance, and apply-
ing to each the coefficient appropriate to its master
section,” as ascertained by experiment. Thus is obtained
an ** equivalent area ” of resistance, which is to be multi-
plied by the wind pressure due to the speed. Care must

be taken to resolve all the resistances at their proper

angle of application, and to subtract or add the tangential

force, -which consists in the surface S, multiplied by the

wind j^ressure, and by tlie factor in the tabic, ’whieli is,

however, 0 for 3° and 32°, but positive or negative at

other angles. When the aggregate resistances arc known,

the thrust h.p.” required is obtained by multiplexing the

resistance by the speed, and then allowing for niccliauioal

losses in the motor and propeller, which losses will gmuT-

ally be 50 per cent, of indicated h.p. Close ap[)roxiinatioiis

are obtained by the above method when api>lie(l to full-

sized apparatus. The following example will make the pro-

cess clearer. The w-cight to bo carried by an apparatus

was 189 ft) on concave wrings of 143*5 sq. ft. area, set

at a positive angle of 3°. Tliore were in addition rc^ar

wings of 29*5 sq. ft., set at a negative angle of :5 *, carrying

no weight
;

hence, L — 189 - 0*005 x x 143*5 x 0*5 15,

Wionce V = = 22 miles per hour, atV 0*00o X 14o*a X 0*54:> ‘

which the air pressure would bo 2*42 ib per s(j. ft*

The area of spars and man was 17*8G sc]. ft., reduced

by various coefficients to an “equivalent surface” of

11*70 sq. ft., so that the resistances were :

—

Drift front wings, 148*5 x 0*0285 x 2*42 . » -=9*00 tl>.

rear "wiiius, 29*5 x (0*043 — 0*242 x 0*0523)

X2-42 =2-17 „
Tangential force at 3° =0*00

,,

Head resistance, 11*70 X 2*42 .... ,,

Total resistance 10*38 Ik.

40 ‘88 y
Speed 22 miles per hour. Power ~ -* = 2*3(5 h.p, for

the “thrust” or 4*72 h.p. for the motor. The weight

being 189 3b, and the resistance 40*38 tb, the gliding

angle of descent ^vas: = tangent of 12®, which was

verified by many experiments.

The following expressions, some of which have b(‘cux

given in the text, will be found useful in <*omputing such

projects, with the aid of the table above given ;

—

1. "Wind force, F= KV^
2. Pressure, P= Is:V2S^

3. Velocity, V= f
4. Surface S varies as i
5. Hormal, N=KSyV
6. Lift, L= KSV^97Cosa.

7. Weight, 1/7=L^Hcosa.

(o. c.)

/Ether.—In the mechanical processes which we can
experimentally modify at will, and "which therefore we
learn to apprehend with greatest fulness, whenever an
effect on a body B is in causal connexion with a process
instituted in another body A, it is usually possible to
discover a mechanical connexion between the two bodies
which allows the influence of A to be traced all the way
across the intervening region. The question thus arises

whether, in electric attractions across apparently enii)ty
space and in gravitational attraction across the celestial

regions, we are invited or required to make search for
some similar method of continuous transmission of the
physical effect, or whether we should rest content with
an exact knowledge of the laws according to which one
body affects mechanically another body at a distance.
The view that our knowledge in such cases may be com-
pletely represented by means of laws of action at a dis-
tance, expressible in terms of the positions (and possibly
motions) of the interacting bodies without taking any
heed of the intervening space, belongs to modem times.
It could hardly have been thought of before Sir Isaac

8. Driit, D = K8V-Vnia.
9. Head area. E, get au equiva-

lent.

10. Head reslstaiicG,

11. Tangential force, T^P«.
12. Eebistancjo, R=J)-f li-j T.

13. M= EV.

14. Thrust, h.p., .
' * ^ factor
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Newton’s discovery of the actual facts regarding universal
gravitation. Although, however, gravitation has formed
the most perfect instance of an influence completely
expressible, up to the most extreme refinement of accuracy,
in terms of laws of direct action across space, yet, as is

well known, the author of this ideally simple and perfect

theory held the view that it is not possible to conceive of

direct mechanical action independent of means of trans-

mission. In this belief he differed from his pupil Cotes,

and from most of the great mathematical astronomers of

the 18th century, who worked out in detail the task
sketched by the genius of Newton. They were content
with a knowledge of the truth of the principle of gravita-

tion
;
instead of essaying to explain it further by the

properties of a transmitting medium, they in fact modelled
the whole of their natural philosophy on that principle,

and tried to express all kinds of material interaction in

terms of laws of direct mechanical attraction across space.

If material systems are constituted of discrete atoms,

separated from each other by many times the diameter of

any of them, this simple plan of exhibiting their inter-

actions in terms of direct forces between them would
indeed be exact enough to apply to a wide range of

questions, provided we could be certain that the laws of

the forces depended only on the positions and not also

on the motions of the atoms. The most important
'

example of its successful application has been the theory

of capillary action elaborated by Laplace; though even

here it appeared, in the hands of Young, and in complete

fulness ^terwards in those of Gauss, that the definite

results attainable by the hypothesis of mutual atomic

attractions really reposed on much wider and less special

principles—^those, namely, connected with the modern doc-

trine of energy.

Idea of an jEther,—The wider view, according to which
the hypothesis of direct transmission of physical influences

expresses only part of the facts, is that all space is filled

with physical activity, and that while an influence is pass-

ing across from a body A to another body B, there is some
dynamical process in action in the intervening region,

though it appears to the senses to be mere empty space.

The question is whether we can represent the facts more
simply by supposing the intervening space to be occupied

by a medium which transmits physical actions after the

manner that a continuous material medium, solid or liquid,

transmits mechanical disturbance. Various analogies of

this sort are open to us : for example, the way in which a

fluid medium transmits pressure from one immersed solid

to another—or from one vortex ring belonging to the fluid

to another, which is a much wider and more suggestive case

;

or the way in which an elastic fluid like the atmosphere

transmits sound; or the way in which an elastic solid

transmits waves of transverse as well as longitudinal dis-

placement. It is on our familiarity with modes of trans-

mission such as these, and with the exact analyses of them
which the science of mathematical physics has been able

to make, that our predilection for filling space with an

aethereal transmitting medium, constituting a universal

connexion between material bodies, largely depends;

perhaps ultimately it depends most of all, like all our

physical conceptions, on the intimate knowledge that

we can ourselves exert mechanical effect on outside bodies

only through the agencies of our Hmbs and sinews. The
problem thus arises. Can we form a consistent notion of

such a connecting medium ? It must be a medium which

can be effective for transmitting all the types of physical

action known to us : it would be worse than no solution

to have one medium to transmit gravitation, another to

transmit electric effects, another to transmit light, and so

on. Thus the attempt to find out a constitution for the

aether will involve a synthesis or intimate correlation of

the various types of physical agencies, which appear so

different to us mainly because we perceive them through
different senses. The evidence for this view, that all these

agencies are at bottom connected together and parts of

the same scheme, was enormously strengthened during the

latter half of the 19th century by the development of a rela-

tion of simple quantitative equivalence between them
;

it

has been found that we can define quantities relating to

them, under the names of mechanical energy, electric

energy, thermal energy, and so on, so that when one of

them disappears it is replaced by the others to exactly

equal amount. This single principle of energy has trans-

formed physical science by making possible the construc-

tion of a network of ramifying connexions between its

various departments : it thus stimulates the belief that

these constitute a single whole, and encourages the search

for the complete scheme of interconnexion of which the

principle of energy and the links which it suggests form
only a single feature.

Atomic Structure of Matter.—The greatest obstacle to

such a search is the illimitable complexity of matter, as

contrasted with the theoretical simplicity and uniformity

of the physical agencies which connect together its different

parts. It has been maintained since the times of the early

Greek philosophers, and possibly even more remote ages,

that matter is constituted of independent indestructible

units, which cannot ever become divided by means of any
mutual actions they can exert. Since the period, a century

ago, when Dalton and his contemporaries constructed from
this idea a scientific basis for chemistry, the progress of

that subject has been wonderful beyond any conception

that could previously have been entertained; and the

atomic theory in some form appears now to be an indis-

pensable part of the framework of physical science. Now
this doctrine of material atoms is an almost necessary

corollary to the doctrine of a universal aether, Por if

we held that matter is continuous, one of two alternatives

would be open. We might consider that matter and aether

can co-exist in the same space
; this would involve the

co-existence and interaction of a double set of properties,

introducing great complication which would place any
coherent scheme of physical action probably beyond the

powers of human analysis. Or we might consider that

aether exists only where matter is not, thus making it a

very rare and subtle and elastic kind of matter
;
then we

should have to assign these very properties to the matter

itself where it replaces aether, in addition to its more
familiar properties, and the complication would remain.

The other course is to consider matter as formed of ultimate

atoms, each the nucleus or core of an intrinsic modification

impressed on the surrounding region of the aether
;
this

might conceivably be of the nature of vortical motion of a

hquid round a ring-core, thus giving a vortex atom, or of

an intrinsic strain of some sort radiating from a core,

which would give an electric atom. We recognize an atom
only through its physical activities as manifested in its

interactions with other atoms at a distance from it
;
this

field of physical activity would be identical with the

surrounding field of sethereal motion or strain that is

associated with the atom, and is carried on along with it

as it moves. Here then we have the basis of a view

in which there are not two media to be considered, but

one medium, homogeneous in essence and differentiated

as regards its parts only by the presence of nuclei of

intrinsic strain or motion—^in which the physical activi-

ties of matter are identified wfith those arising from the

atmospheres of modified aether which thus belong to

its atoms. As regards laws of general physical inter-

actions, the atom is fully represented by the constitu-

S. 1. — 14
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tion of tliis atmosphere, and its nucleus may be left

out of our discussions j
but in the problems of biology

great tracts of invariable correlations have to be dealt

Tvith, which seem hopelessly more complex than any kno^
or humanly possible physical scheme. To make room for

these we have to remember that the atomic nucleus has

remained entirely undefined and beyond our problem j
so

that what may occur, say when two molecules come into

close relations, is outside physical science—not, however,

altogether outside, for we know that when thevM mxmyu
any portion of matter is dissolved, the atoms will remain,

in their number, and their atmospheres, and all inorganic

relations, as they were before vitality supervened.

ligature of Froperties of Material Bodies, — It thus

appears that the doctrine of atomic material constitution

and the doctrine of a universal sether stand to each other

in a relation of mutual support ;
if the scheme of physical

laws is to be as precise as observation and measurement

appear to make it, both doctrines are required in our efforts

towards synthesis. Our direct knowledge of matter can,

however, never be more than a rough knowledge of the

general average behaviour of its molecules; for the smallest

material speck that is sensible to our coarse perceptions

contains myriads of atoms. The properties of the most

minute portion of matter which we can examine are thus

of the nature of averages. We may gradually invent

means of tracing more and more closely the average drifts

of translation or orientation, or of changes of arrange-

ment, of the atoms; but there will always remain an

unaveraged residue devoid of any recognized regularity,

which we can only estimate by its total amount. Thus, if

we are treating of energy, we can separate out mechanical

and electric and other constituents in it
;
and there will

be a residue of which we know nothing except its quantity,

and which we may call thermal. This merely thermal

energy—^which is gradually but very slowly being restricted

in amount as new subsidiary organized types become recog-

nised in it—though transmutable in equivalent quantities

with the other kinds, yet is so only to a limited extent

;

the tracing out of the laws of this limitation belongs to the

science of thermodynamics. It is the business of that

science to find out what is the greatest amount of thermal

energy that can possibly be recoverable into organized kinds
under given circumstances. The discovery of definite

laws in this region might at first sight seem hopeless ; but
the argument rests on an implied postulate of stability

and continuity of constitution of material substances, so

that after a cycle of transformations we expect to recover

them again as they were originally—on the postulate, in

fact^ that we do not expect them to melt out of organized
existence in our hands. The laws of thermodynamics,
including the fundamental principle that a physical pro-

perty, called temperature, can be defined, which tends
towards uniformity, are thus relations between the pro-

perties of types of material bodies that can exist perma-
nently in presence of each other

;
why they so maintain

themselves remains unknown, but the fact gives a point
d^appui, Eeturning now to the ^ther, on our present
point of view no such complications there arise ; it must be
regarded as a continuous uniform medium free from any
complexities of atomic aggregation, whose function is

confined to the transmission of the various types of
physical effect between the portions of matter. The
problem of its constitution is thus one which can be
attacked and continually approximated to, and which
may possibly be definitely resolved. It has to be com-
petent to transmit the transverse waves of light and
electricity, and the other known radiant and electric

actions
;
the way in which this is done is now in the main

known, though there are still questions as to the mode

of expression and formulation of our knowledge, and also

as regards points of detail. This great advance, which is

the result of the gradual focussing of a century's work in

the minute exploration of the exact laws of optical and

electric phenomena, clearly carries with it deeper insight

into the physical nature of matter itself and its modes of

inanimate interaction.

If we rest on the synthesis here described, the energy of

the matter, even the thermal part, appears largely as poten-

tial energy of strain in the sether, which interacts with

the kinetic energy associated with disturbances involving

finite velocity of matter. It may, however, be maintained

that an ultimate analysis would go deeper, and resolve all

phenomena of elastic resilience into consequences of the

kinetic stability of steady motional states, so that only

motions, but not strains, would remain. On such a view

the sether might conceivably be a perfect fluid, its funda-

mental property of elastic reaction arising (as suggested by
Kelvin and FitzGerald) from a structure of tangled or in-

terlaced vortex filaments pervading its substance, which

might conceivably arrange themselves into a stable con-

figuration and so resist deformation. This raises the

further question as to whether the transmission of gra-

vitation can be definitely recognized among the pro-

perties of an ultimate medium; if so, we know that it

must be associated with some feature, perhai>s very deej)-

seated, or on the other hand perhaps depending simply on
incompressibility, which is not sensibly implicated in the

electric and optical activities. With reference to all such

further refinements of theory, it is to be borne in mind that

the perfect fluid of hydrodynamic analysis is not a merely

passive mtvt plenum; it is also a continuum^ with the pro-

perty that no finite internal slip or discontinuity of motion
can ever arise in it through any kind of distui'bance

;
and

this property must be postulated, as it cannot be explained.

Motion of Material Atoms through the JUther,—An
important question arises whether, when a material body
is moved through the sether, the nucleus of each atom
carries some of the surrounding sether along with it ; or

whether it practically only carries on its strain-form or

physical atmosphere, which is transferred from one por-

tion of sether to another after the manner of a shadow,
or rather like a loose knot which can slip along a rope
without the rope being required to go with it. We can
obtain a pertinent illustration from the motion of a vortex
ring in a fluid; if the circular core of the ring is thin

compared with its diameter, and the vorticity is not very
great, it is the vortical state of motion that travels across

the fluid without transporting the latter bodily with it

except to a slight extent very close to the core. We might
thus imagine a structure formed of an aggregation of very
thin vortex rings, which v’-ould move across the fluid with-
out sensibly disturbing it

;
on the other hand, if formed of

stronger vortices, it may transport the portion of the fluid

that is within its own structure along with it as if it were
a solid mass, and therefore also push aside the surrounding
fluid as it passes. The motion of the well-known steady
spherical vortex is an example of the latter case.

Convection of Optical Waves.— The nature of the
motion, if any, that is produced in the surrounding
regions of the sether by the translation of matter through
it, can be investigated hy optical experiment. The obvious
body to take in the first instance is the Earth itself,

which on account of its annual orbital motion is travelling
through space at the rate of about 18 miles per second.
If the surrounding sether is thereby disturbed, the waves
of light arriving from the stars will partake of its move-
ment; the ascertained phemonena of the astronomical
aberration of light show that the rays travel to the
observer, across this disturbed ^ther near the Earth, in
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straight lines. Again, we may split a narrow beam of

light by partial reflection from a transparent plate, and
recombine the constituent beams after they have traversed

different circuits of nearly equivalent lengths, so as to
obtain interference fringes. The position of these fringes

will depend on the total retardation of the one beam with
respect to the other

;
and thus it might be expected to

vary with the direction of the Earth’s motion relative to

the apparatus. But it is found not to vary at all, even
up to the second order of the ratio of the Earth’s velocity

to that of light. It has in fact been found, with the
very great precision of which optical experiment is cap-

able, that all terrestrial optical phenomena— reflection,

refraction, polarization linear and circular, diffraction

—

are entirely unaffected by the direction of the Earth’s

motion
;
and this is our main experimental clue.

We pass on now to the theory. We shall make the

natural supposition that motion of the aether, say with
velocity {u,v,w) at the point is simply super-

posed on the velocity Y of the optical undulations through
that medium, the latter not being intrinsically altered.

Now the direction and phase of the light are those of the

ray which reaches the eye; and by Fermat’s principle,

established by Huygens for undulatory motion, the path
of a ray is that track along which the disturbance travels

in least time, in the restricted sense that any alteration of

any fihort reach of the path will increase the time. Thus
the path of the ray when the aether is at rest is the curve

which makes/ds/Y least
;
but when it is in motion it is

the curve which makes/dsl(Y + lu-hmv-\-nw) least, where
(Ij m, n) is the direction vector of 8s. The latter integral

becomes, on expanding in a series,

fds/Y -J{udx+ 'ody+ wdz)IY^ +J[udx+ udy + wdzfjYHs+ . .
.

,

since Ids — dx. If the path is to be unaltered by the

motion of the aether, as the law of astronomical aberration

suggests, this must differ fromfdsjY by terms not depend-

ing on the path—that is, by terms involving only the

beginning and end of it. In the case of the free aether Y
is constant

;
thus, if we neglect squares like (w/Y)^ the

-condition is that vdx 4- vdy -f- wdz be the exact differential

of some function If this relation is true along all

paths, the velocity of the aether must be of irrotational

type, like that of frictionless fluid. Moreover, this is

precisely the condition for the absence of interference

between the component of a split beam
;
because, the time

of passage being to the first order

fdsjY -f{udx + vdy + wdz)lY^,

the second term will then be independent of the path

(<^> being a single valued function) and therefore the same

for the paths of both the interfering beams. If therefore

the aether can be put into motion, we conclude that such

motion, in free space, must be of strictly irrotational type.

But our experimental data are not confined to free

space. If c is the velocity of radiation in free space and

//, the refractive index of a transparent body, Y = c//i;

thus it is the expression o~~y'iJp‘{udx + v'dy + w*dz) that

is to be integrable exactly, where now {u',v\w) is what

is added to Y owing to the velocity {u^v,w) of the medium.

As however our terrestrial optical apparatus is now all

in motion along with the matter, we must deal with the

rays relative to the moving system, and to them also

Fermat’s principle clearly applies; thusY + {lu' + rm' + nw')

is here the velocity of radiation in the direction of the

ray, but relative to the moving material system. Now
the expression above given cannot be integrable exactly,

under all circumstances and whatever be the axes of co-

.ordinates, unless is the gradient of a con-

ijinuous function. In the simplest case, that of uniform

translation, these components of the gradient will each be
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constant throughout the region ; at a distant place in free

aether where there is no motion, they must thus be equal
to - -M, - 'v, - w, as they refer to axes moving with the

matter. Hence the paths and times of passage of all rays

relative to the material system will not be altered by a
uniform motion of the system, provided the velocity of

radiation relative to the system, in material of index //, is

diminished by times the velocity of the system in the

direction of the radiation, that is, provided the absolute

velocity of radiation is increased by 1- times the said

velocity
;
this involves that the free aether for which jx is

unity shall remain at rest. This statement constitutes the

famous hypothesis of Fresnel, which thus ensures that all

phenomena of ray-path and refraction, and all those

depending on phase, shall be unaffected by uniform con-

vection of the material medium, in accordance with the

results of experiment.

Is the jUther Stationary or Motile ?—^This theory secures

that the times of passage of the rays shall he independ-

ent of the motion of the system, only up to the first order

of the ratio of its velocity to that of radiation. But a
classical experiment of Michelson, in which the ray-path

was wholly in air, showed that the independence extends

to higher orders. This result is inconsistent with the

aether remaining at rest, unless we assume that the dimen-
sions of the moving system depend, though to an extent

so small as to be not otherwise detectable, on its orienta-

tion with regard to the aether that is streaming through
it. It is however in complete accordance with a view
that would make the aether near the Earth fully par-

take in its orbital motion—Bb view which the null effect of

convection on all terrestrial optical and electrical pheno-
mena also strongly suggests. But the aether at a great

distance must in any case be at rest
;
while the facts of

astronomical aberration require that the motion of that

medium must be irrotational. These conditions cannot be
consistent with sensible convection of the aether near the

Earth without involving discontinuity in its motion at some
intermediate distance : so that we are thrown back on the

previous theory.

Another powerful reason for taking the aether to be
stationary is afforded by the character of the equations of

electrodynamics; they are all of linear type, and super-

position of effects is possible. Now the kinetics of a
medium in which the parts can have finite relative motions

will lead to equations which are not linear—as, for example,

those of hydrodynamics—and the phenomena will be far

more complexly involved. It is true that the theory of

vortex rings in hydrodynamics is of a simpler type
;
but

electric currents cannot be likened to permanent vortex

rings, because their circuits can be broken and the element

of steadiness on which the simplicity depends thereby

destroyed.

Dynamical Theories of the uEther.—The analytical equa-

tions which represent the propagation of light in free

sether, and also in aether modified by the presence of

matter, were originally developed on the analogy of the

equations of propagation of elastic effects in solid media
(See Wave Theoey, Ency. Brit. voL xxiv.). Yarious

types of elastic solid medium have thus been invented to

represent the aether, without complete success in any case.

In MacCullagh’s hands the correct equations were derived

from a single energy formula by the principle of least

action
;
and while the validity of this dynamical method

was maintained, it was frankly admitted that no mechanical

analogy was forthcoming. ’\^en Clerk Maxwell pointed

out the way to the common origin of optical and electrical

phenomena, these equations naturally came to repose on

an electric basis, the connexion having been first definitely

exhibited by FitzGerald in 1878 ;
and according as the
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independent variable was one or other of the vectors which

represent electric force, magnetic force, or electric polarity,

they took the form appropriate to one or other of the

elastic theories above mentioned.

In this place it must suffice to indicate the gist of the

more recent developments of the electro-optical theory,

which involve the dynamical verification of FresnePs

hypothesis regarding optical convection and the other

relations above described. The aether is taken to be at

rest
;
and the strain-forms belonging to the atoms are the

electric fields of the intrinsic charges, or electrons, in-

volved in their constitution. When the atoms are in

motion these strain-forms produce straining and unstrain-

ing in the sether as they pass across it, which in its

motional or kinetic aspect constitutes the resulting mag-
netic field; as the strains are slight the coefficient of

inertia here involved must be great. True electric current

arises solely from convection of the atomic charges or

electrons; this current is therefore not restricted as to

form in any way. But when the rate of change of ^ethereal

strain—^that is, of (/,y,A) specified as MaxwelFs electric

displacement in free aether—^is added to it, an analytically

convenient vector {u^v^w) is obtained which possesses the
characteristic property of being circuital like the fiow of

an incompressible fluid, and has therefore been made
fundamental in the theory by Maxwell under the name of
the total electric current.

As already mentioned, all efforts to assimilate optical
propagation to transmission of waves in an ordinary solid
medium have failed

j
and though the idea of regions of in-

trinsic strain, as for example in unannealed glass, is familiar
in physics, yet on account of the absence of mobility of
the strain no attempt had been made to employ them to
illustrate the electric fields of atomic charges. The idea of
MacCullagh’s aether, and its property of purely rotational
elasticity which had been expounded objectively by Ean-
kine, was therefore much vivified by Lord Kelvin’s specifi-

cation in 1889 of a material gyrostaticaUy constituted
medium which would possess this character. More recently
a way has been pointed out in which a mobile permanent
field of electric force could exist iu such a medium so as to
travel freely in company with its nucleus or intrinsic charge
—the nature of the mobility of the latter, as well as its in-
timate constitution, remaining unknown.
A dielectric substance is electrically polarized by a field

of electric force, the atomic poles being made up of the
displaced positive and negative intrinsic charges in the
atom : the polarization per unit volume (/',/,A') may
be defined_ on the analogy of magnetism, and djdtlf\g\h!)
thus constitutes true electric current of polarization, i.e.,
of electric separation in the molecules, specified per unit
volume. The convection of a medium thus polarized
involves electric disturbance, and therefore must con-
tribute to the true electric current; the determination
of this constituent of the current is the most delicate point
in the investigation. The usual definition of the com-
ponent current in any direction, as the net amount of
electrons which crosses, towards the positive side, an
element of surface ficed in space at right angles to that
direction, per unit area per unit time, here gives no definite
result. The establishment and convection of a single
polar atom constitutes in fact a g'ms^magnetization the
negative pol^ completing the current circuits of the posi-
tive ones. But in the transition from molecular theory
to the electrodynamics of extended media, aU magnetism

to be replaced by a distribution of current
; the latter

being now specified by volume as well as by flow, Iu,v.w)^t
the current m the element of volume fir. In the

present the total dielectric contribution to this cur- i

i!ent works out to be the change per unit time in the
I

electric separation in the molecules of the element of

volume, as it moves uniformly with the matter, aU. other

effects being compensated molecularly without affecting the

propagation,^ On subtracting from this total the current

of establishment of polarization dldt(f\g\h')j already for-

mulated above, there remains vdldx{f\g\h') as the current
of convection of polarization when the convection is taken
for simplicity to be in the direction of the axis of x with
velocity v. The polarization itself is determined from the
electric force (P,Q,K) by the usual statical formula

because any change of the dielectric constant K arising
from the convection of the material through the mther
must he independent of the sign of v and therefore be of
the second order. Now the ele€t7ic force (P,Q,R) is the
force acting on the electrons of the medium moving with
velocity v; consequently by Faraday’s electrodynamic law

(P,Q,B) = (F,Q'-vc,E' + z;^)

where (P',Q',R') is the force that would act on electrons at
rest, and {af^c) is the magnetic induction. The latter force
is, by Maxwell’s hypothesis or by the dynamical theory of
an aether pervaded by electrons, the same as that which
strains the aether, and may be called the cethereal force ;
it thereby produces an sethereal electric displacement, say
(f^g^h\ according to the relation

(/,^,^) = (47rc2)-i(F,Q;R'),

in which o is a constant belonging to the aether, which
turns out to he the velocity of light. The current of
aethereal displacement dldt{fg,h) is what adds on to the
true electric current to produce the total circuital current
of Maxwell.

We have now to substitute these data in the universally
valid circuital relations—namely, (i) lino integral of mag-
netic force round a circuit is equal to 47r times the current
through its aperture, which may be regarded as a definition
of the constitution of the aether and its relation to the
electrons involved in it

;
and (ii) line integral of the

electric force belonging to any material circuit (i.e,, acting
on the electrons situated on it which move with the
velocity of the matter) is equal to 7tivnus the time-rate of
change of the magnetic induction through that circuit as it
mo'^s with the matter, this being a dynamical consequence
of the aethereal constitution assigned in (i).

^
We may now; as is somewhat the more natural coursem the terrestrial application, take axes whichm^e with the matter

;
but the current must be invariably

defined by the flux across surfaces fixed in space, so that
we may say that relation (i) refers to a circuit fixed in
space, while (ii) refers to one moving with the matter.
Ihese circuital relations, when expressed anaMically, are
then for a dielectric medium of types

dy dp

da
“ dV

‘
'

*

where
\d

and <^1^ _ ,

dy dz

'

wl^re, when_ mametic quality is inopeiative, the maff-

foMe
identical with the magnetic

Th^ equations determine all the phenomena. Theyto this ample form, however, only when the movement
ot tJie matter is one of translation. If v varies withr^^ct to lo^ty, or if there is a velocity of convection
(?>,g,v) variable with respect to direction and position, the

Mtherand
p. 262.
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'analytical expression of tlie relation (ii) assumes a more
complex form

; we thus derive the most general equations
of electrodynamic propagation for matter treated as con-
tinuous, anyhow distributed and moving in any manner.

For the simplest case of polarizedwaves travelling parallel

to the axis of with the magnetic oscillation y along z and
the electric oscillation Q along y, all the quantities are
functions of x and t alone

;
the total current is along y

and given with respect to our moving axes by

-u
d
^Q + u7 d

^

dx) iird^ \ 47rc^
'

also the circuital relations here reduce to

dx ^ dx dt
^

thus dr-Q,

dx^

giving, on substitution for

For a simple wave -train, Q varies as* sin V^),

leading on substitution to the velocity of propagation

Y relative to the moving material, by means of the equation

KY^ + 2vY =
;
this gives, to the first order of v/o,

Y = c/K^ - v/K, which is in accordance with FresneFs law.

Trains of waves nearly but not quite homogeneous as re-

gards wave-length will as usual be propagated as wave-
groups travelling with the slightly different velocity

d(VX'''^)ldX~\ the value of K occurring in V being a

function of X determined by the law of optical dispersion

of the medium.
For purposes of theoretical discussions relating to moving

radiators and refiectors, it is important to remember that

the dynamics of all this theory of electrons involves the

neglect of terms of the order (v/c)^, not merely in the value

of K but throughout.

The modification of the spectrum of a radiating gas by
a magnetic field, such as would result from the hypothesis

that the radiators are the system of revolving or oscillating

electrons in the molecule, was detected by Zeeman in

1896 ;
more minute investigation has largely confirmed the

predictions as to its character that were made by H. A.

Lorentz and others on the basis of the theoretical ideas

here sketched.

Eeference may be made generally to

—

Maxwell. Collected

Fapers.—H. A. Loeentz. Archives Nierlmdwlses^ xxi. 1887,
and XXV. 1892 ;

and a tract, Versuch einer Theorie der elee-

tnschcn und optischen Brscheinungen m bewegten Kmpern^
Leyden, 1895.— 0. Lodge. “Aberration Problems," FML
Trans, 1893 and 1897.—J. Laemoe, FMl. Trans, 1894-5-7,

and a treatise ^Mther and Matter, Cambridge Univ. Press, 1900,
where full references are given. See also in Ency, Brit, (9th
ed.) articles Atom, Ethee, Molecule, Electeicity, Wave
Theoey. (j. l.^)

Afforestation. See Forests.

Affreigfhtnneilt.— Contract of Affreightment is

the expression usually employed to describe the contract

between a shipowner and some other person called the

freighter, by which the shipowner agrees to carry goods

of the freighter in his ship, or to give to the freighter the

use of the whole or part of the cargo-carrying space of the

ship for the carriage of his goods on a specified voyage or

voyages, or for a specified time
;
the freighter on his part

agreeing to pay a specified price, called “ freight, for the

carriage of the goods or the use of the ship. A ship may
be let like a house to some person who takes possession

and control of it for a specified term. The person who
hires a ship in this way occupies during the currency of

his term the position of shipowner. The contract by

which a ship is so let may be called a charter-party ; but
it is not, properly speaking, a contract of affreightment,

and is mentioned here only because it is necessary to

remember the distinction between a charter-party of this

kind, which is sometimes called a demise of the ship, and
a charter-party which is a form of contract of affreight-

ment, as will hereinafter appear.

The law with regard to the contract of affreightment is,

of course, a branch of the general law of contract. The
rights and obligations of the shipowner and the freighter

depend, as in the case of all parties to contracts, upon the

terms of the agreement entered into between them. The
law, however, interferes to some extent in regulating the

effect to be given to contracts. Certain contracts are for-

bidden by the law, and being illegal are, therefore, in-

capable of enforcement. The most important example of

illegality in the case of contracts of affreightment is when
the contract involves trading with an enemy. The law
interferes again with regard to the interpretation of the

contract. The meaning to be given to the words of the

contract, or, in other words, its construction, when a dis-

pute arises about it, must be determined by the judge or

court. The result is, that certain more or less common
clauses in contracts of affreightment have come before the

courts for construction, and the decisions in these cases

are treated practically, though not perhaps quite logically,

as rules of law determining the sense to be put upon cer-

tain forms of expression in common use in shipping

contracts. A third way in which the law interferes is by
laying down certain rules by which the rights of the

parties are to be regulated in the absence of any express

stipulation with regard to the matter dealt with by such

rules. This is done either by statutory enactment, as by
that part (Part YIII.) of the Merchant Shipping Act,

1894, which deals with the liability of shipowners; or by
established rules of the unwritten law, the “ common law ”

as it is called, as, for instance, the rule that the

common carrier is absolutely responsible for the

safe delivery of the goods carried, unless it is

prevented by the act of God or the King's enemies.

These rules of law, whether common law or statute law,

regulating the obligations of carriers of goods by sea, are

of most importance in cases which are uncommon though
not unknown at the present day, in which there is an
affreightment without any written agreement of any kind.

It will, therefore, be convenient to consider first cases of

this kind where there is no express agreement, oral or

written, except as to the freight and destination of the

goods, and where consequently the rights and obligations

of the parties as to all other terms of carriage depend
wholly upon the rules of law, remembering always that

these same rules apply when there is a written contract,

except in so far as they are qualified or negatived by the

terms of such contract.

The rules of the common or ancient customary law of

England with regard to the carriage of goods were no

doubt first considered by the courts and established with

regard to the carriage of goods by common carriers on

land. These rules were applied to common carriers by
water, and it may now be taken to be the general rule

that shipowners who carry goods by sea are by the

English law subject to the liabilities of common carriers.

(See as to the grounds and precise extent of this doctrine

the judgments in Liver Alkali Company v. Johnson, L.E.,

7 Ex, 267, and 'Nugent v. Smith, 1 O.P.D. 423.)^ In

practice goods are not often shipped without a written

contract or acknowledgment of the terms upon which

they are to be carried. For each separate consignment or

parcel of goods shipped a hill of lading is almost invari-

ably given, and when a whole cargo is agreed to be carried
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tlie terms are set out in a document called a charter-^artyy

signed by or on behalf of the shijDOwner on the one part,

and the shipper, who is called the cJMTterery on the

other part. But at present we are considering the rela-

tions of shipowner and shipper independently of any

express contract, as in a case when goods are shipped

and received to be carried to the place to which the ship

is bound for a certain freight, but without any further

agreement as to the terms of carriage. In such a case

the rights of the parties depend on the rules of law, or,

In default

ofexpress warranties or promises which though not

contract. expressed must, as the courts have held, be

imjilied as arising from the relation between the parties

as shipper and carrier. The obligations on the one side

and the other may be defined shortly to be as follows :

—

The shipper must not ship goods of a nature or in a

condition which he knows, or ought, if he used reasonable

care, to know to be dangerous to the ship, or to other

goods, unless the shipowner has notice of or has sufficient

opportunity to observe their dangerous character. The

shipper must be prepared, without notice from the ship-

owner, to take delivery of his goods with reasonable

despatch on the arrival of the ship at the place of destina-

tion, being ready there to discharge in some usual dis-

charging place. The shipper must pay the agreed freight,

and \Till not be entitled to claim delivery until the freight

has been paid. In other words, the shipowner has a lieyi

on the goods carried for the freight payable in respect of

the carriage. On the other hand the obligation upon the

shipowner is first and foremost to deliver safely at their

destination the goods shipped, and this obligation is, by
the common law, subject to this exception only that the

shipowner is not liable for loss or damage caused by the

act of God or the King’s enemies; but by statute

(Merchant Shipping Act, 1894, Part VIII.) it is further

q^ualified to this extent that the shipowner is not liable

for loss, happening without his actual fault or privity, by
fire on board the ship, or by the robbery, or'embezzlement of,

or making away with gold, or silver, or jewellery, the true

nature and value of which have not been declared in

writing at the time of shipment
;
and, further, the ship-

owner is not liable for damage to or loss of goods or

merchandise beyond an aggregate amount, not exceeding

eight pounds per ton for each ton of the ship’s tonnage.

The shipowner is bound by an implied undertaking, or, in

other words, is made responsible by the law as if he had
entered into an express undertaking

: (1) that the ship is

seaworthy; (2) that she shall proceed upon the voyage
with reasonable despatch, and shall not deviate without
necessity from the usual course of the voyage.

It is not our purpose in this article to discuss minute or
doubtful questions; but in their general outline the obliga-

tions of shipper and shipowner, where no terms of carriage

have been agreed, except as to the freight and destination

of the goods, are such as have been described above. The
importance of appreciating clearly this view of the relations

of shipper and shipowner arises from the fact that these
fundamental rules apply to all contracts of affreightment,
whether by bill of lading, charter-party, or otherwise,
except in so far as they are modified or negatived by the
express terms of the contract.

Bills of Lading.

The document signed by the master or agent for the
shipowner, by which are acknowledged the shipment of a
parcel of goods and the terms upon which it is to be carried,

is called a Bill of Lading. Very many different forms of
bills of lading are used. For the purpose of illustration
the following form (from Mr Scrutton’s book on Charter-

[bills or LADiJs-a

parties and Bills of Lading^ has been selected as a

sample :

—

Shipped, ill apparent good order and condition by in and

upon the good Vessel called the now lying in the port of

and bound for
,
with liberty to call at any ports in any order,

to sail without Pilots, and to tow and assist Vessels in distress,

and to deviate for the purpose of saving life or property
;

and

to he delivered in the like good order and condition at the afore-

said port of unto or to his or their assigns, height and

all other conditions as per Charter Party. The act of Cod, perils

of the sea, fire, barratry of the Master and Crew, eneniios, piiates,

and thieves, arrests, and restraints of princes, rulers, and people^

collisions, stranding, and other accidents of navigation cxcejited,

even when occasioned by negligence, default, or error in judgment

of the Pilot, Master, Mariners, or other servants of the Ship-

owners.

Ship not answerable for losses througli explosion, bursting of

boilers, breakage of shafts, or any latent defect in the machinery

or hull, not resulting from want of due diligence by the Owners of

the Ship, or any of them, or by the Ship's Husband or Manager.

General Average payable according to York-Antwerp Eules.

In Witness whereof, the Master or Agent of the said Sliip hath

affirmed to three Bills of Lading, all of this tenor and date, drawn
as first, second and third, one of which Bills being accomplished,

the others to stand void.

Dated in this day of 18S .

The Bill of Lading is an acknowledgment of the shipment

of goods in a named vessel for carriage to a specified

destination on terms set forth in the document. It is

usually signed by the master of the vessel, but very

commonly by the agents of the shipowner or sometimes

of the charterers of the vessel. A vessel may be employed

by its owners to earn freight in various ways ; (1) It may
be placed, as it is said, on the berth as a general ship, to

receive cargo from any shippers who may desire to send

goods to the port, or one of the ports, to which the vessel

is bound. The mate or chief officer usually superintends

the loading, and, as goods are shipped, a rtiatds receipt is

given as an acknowledgment of the shipment. The maters

receipt is afterwards exchanged for the hill of lading. In

the case of a shipment by a general ship the bill of lading is

the evidence and memorandum of the contract between the

shipowner and the shipper
; (2) a shq^per may, however,

require the whole cargo space of the vessel to carry, for

example, a full cargo of grain. In such a case the vessel will

be chartered by the shipowner to the shipper, and the con-

tract will be the charter-party. Even in such a case a bill

or bills of lading will usually be given to enable the shipper
to deal more conveniently with the goods by way of sale or

otherwise. By the ancient custom of merchants recog-

nized and incorporated in the law, the bill of lading is a
document of title, representing the goods themselves, by
the transfer of which symbolical delivery of the goods
may be made. But when a cargo is shipped under a
charter-party, although bills of lading may be given to

the charterer, it is the charter-party, and not the bills

of lading, which constitutes the record of the contract
between the parties—of charter-parties we shall treat

below. (3) There is a third class of case which is a
combination of the two with which we have dealt above.
A vessel is very commonly chartered by her owner to a
charterer who has no intention to ship and does not ship
any cargo on his own account, but places the vessel on
the berth to receive cargo from shippers who ship under
bills of lading. The charterer receives the bill of
lading freight and pays the charter-party freight, his
object being of course to obtain a total bill of lading
freight in excess of the chartered freight, and so make a
profit. The master, although he usually remains the
servant of the shipowner during the term of the charter-
party, acts nevertheless under the directions and on

I

behalf of the charterer in signing bills of lading. The
I

legal effect of this situation is that shippers who ship
goods under hills of lading without knowledge of the

affreightment
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terms of tlie cliarter'party are entitled to look to the
shipowner as the person responsible to them for the safe

carriage of their goods. This right depends essentially on
the fact that the master who signs the bills of lading,

although in doing so he is acting for the charterer,

remains nevertheless the servant of the shipowner, who
is not allowed to deny as against third persons, who do
not know the relations between the charterer and the
shipowner, that his servant, the master of the ship, has
the ordinary authority of a master to bind his owner by
signing bills of lading.

The forms of bills of lading vary very much, and their

clauses have been the subject of judicial consideration and
decision in a vast number of reported cases. The essential

particulars, or at all events those common to all biUs of

lading, may be stated as follows

:

1. The name of the shipper.

2. The name of the ship.

3. The place of loading and destination of the ship,

4. A description of the goods shipped.

5. The place of delivery.

6. The persons to whom delivery is to be made.
7. The freight to be paid.

8. The excepted perils.

9. The shipowner’s lien.

The description of (1) the shipper, and (2) the ship,

calls for no remark. The (3) description of the voyage is

important, because there is, as we have already explained,

an implied undertaking by the shipowner in every contract

of carriage not unnecessarily to deviate from the ordinary

route of the voyage upon which the goods are received to

be carried. The consequences of a deviation are serious,

inasmuch as the shipowner is liable, not only for any loss

or damage which the shipper suffers in consequence of the

deviation, but for any loss of goods which occurs after

the deviation, even though such loss is caused by one of

the excepted perils. The only exception to this rule is

that a deviation may be made to save life, but not to

save property. It is, however, very usual to qualify the

strictness of this implied undertaking by introducing in

the bill of lading certain “liberties’^ to deviate, as, for

example, in the form given above, “ liberty to call at any

ports in any order, to tow and assist vessels in distress,

and to deviate for the purpose of saving life and property.”

The nature and extent of the liberty will depend on the

words of the contract. The inclination of Enghsh courts

has been to construe clauses giving a liberty to deviate

somewhat strictly against the shipowner.

The (4) importance of the description of the goods

shipped and their condition is obvious, as the contract is

to deliver them as described and in the like good condition,

subject, of course, to the exceptions. It must, however,

be noted, that, as against the master or person who has

himself signed the bill of lading, the description therein

of the goods shipped is absolutely conclusive. But as

against the shipowner, unless he has himself signed the

bill of lading, the description of the goods shipped is not

conclusive. It is evidence as against him that the goods

described were shipped, but he is allowed to rebut this

evidence by proving, if he can, that the goods mentioned,

or some of them, were not in fact shipped.

As to (5) the place of delivery, very serious questions

frequently arise. Primarily, of course, the shipowner is

bound to deliver at the place named. Should he be

prevented by some obstacle or difficulty which is of a

temporary nature, the vessel must wait, and delivery must

be made as soon as possible. Where, however, the obstacle

is permanent, or at all events such as must cause unreason-

able delay, having regard to the nature of the adventure,

the shipowner is excused from delivery at the place named

111

in the bill of lading, provided the difficulty arises from an
excepted peril, or in consequence of delivery at the place

named being forbidden by the law of England, as may
happen, for example, in the case of a declaration of war
between Great Britain and the state in which the port

named in the bill of lading is situate. A party to a
contract cannot be held liable for breaking his contract if

its performance has become illegal. There may be other

cases in which, from the circumstances of the voyage and
adventure, it must be inferred that the parties intended
the performance of the contract to be conditional on the

existence at the time of performance of a certain state of

things, the non-existence of which would render performance
impossible. Por instance, if the port named in the bill of

lading became permanently closed and inaccessible to

shipping in consequence of an earthquake, it would
probably be held that the continued existence of the

place named as a port was an implied condition of the

contract, and that the shipowner was excused. Where,
however, the performance of the contract remains lawful,

and is not excused by the express terms of the contract,

or by some implied condition, the shipowner is liable for

any loss or damage suffered by the shipper by reason of

his goods not being delivered at the named place, even

though such delivery has become impossible. There is

another reason why the precise description of the place of

delivery often becomes important. It is only on the

arrival of the ship at the place described as the place of

delivery that the obligation of the consignee of the goods

to take delivery commences. Delay involves consider-

able loss and expense to the shipowner. The shipper or

consignee is not responsible for any delay which occurs

before the ship has arrived at the place of delivery described

in the bill of lading.

(6) The goods may be deliverable by the terms of the

bill of lading to a named consignee, and to him only, but

more usually they are made deliverable to the “ order or

assigns” of the named consignee or of the shipper. If

the goods are made deliverable to order or assigns the

bill of lading is a negotiable instrument, or, in other words,

the right to the goods, and the rights and liabilities under

the contract contained in the bill of lading, may be trans-

ferred by indorsement and delivery of the document.

When an indorsement has once been made by the shipper

or consignee writing his name and nothing more on the

back of the bill of lading, the rights in and under it may
be transferred from hand to hand by mere delivery. A
bill of lading so indorsed is said to be indorsed “ in blank.”

But the shipper or consignee may restrict the negotiability

of the bill of lading by indorsing it not “ in blank,” but

with a direction requiring delivery to he made to a particular

person or indorsee, or to his order. This is called an indorse-

ment “ in full.” When an indorsement has been made “ in

full” to a named indorsee or order, such indorsee must
again indorse “in blank” or “in fuU” to effect a new
transfer of the rights in the biU of lading,

(7) The amount or rate of freight payable is stated in

the hiU of lading, either expressly, or, not uncommonly
when the freight under the bill of lading is the same as

under the charter-party, by reference to the charter-party.

A common form of such reference is “freight and other

conditions, as per charter-party. ” It may here be mentioned

that this form of words does not incorporate in the con-

tract under the biU of lading aU the terms and conditions

of the charter-party, but only those which apply to the

person who is to take delivery, and relate to matters

ejusdem genens, or similar to the payment of freight, such

as demurrage and the hke. The conditions of th© charter-

party thus incorporated do not include, for instance, the

exceptions in the charter-party so as to add them to the

AFFREIGHTMENT
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exceptions in the bill of lading. Freight, unless it is

otherwise provided by the contract, is payable only on

delivery of the goods at their destination. If the voyage

is interrupted and its completion becomes impossible, the

shipowner cannot claim payment of freight even 'pro raid

itiTieris, He loses his freight altogether. This is so even

when the completion of the voyage is prevented by causes

for which the shipowner is not responsible, such as the

act of God or the King's enemies, or perils which are

within the express exceptions in the bill of lading. When
the voyage is interrupted by accident, and indeed in any

case, the goods may, by agreement between the shipowner

and the consignee, be delivered at some place short of their

destination upon payment of a freight pro raid ; that is to

say, proportional to the length of voyage accomplished,

and such an agreement may be implied in certain cir-

cumstances from the conduct of the consignee in taking

delivery before they arrive at their destination. In all

such cases it will be a question of fact whether the goods

were in fact delivered upon the terms, express or implied,

that freight pro ratd should be paid. As a rule such an
agreement wouli not be implied where the shipowner is

unable or unwilling to forward the goods to their destina-

tion, and the owner of the goods, therefore, has no option

but to take delivery of them there.

When the ship is disabled and cannot proceed, or she

is prevented by some obstacle from proceeding to the

place of delivery named in the bill of lading, and the
shipowner is unwilling or unable to forward the goods by
another ship, even though he may be excused for his

failure to carry the goods to their destination, he is not
entitled to be paid any part of the freight

;
and the con-

signee is entitled to have the goods delivered to him
either at the place where the vessel has taken refuge in
her disabled condition, or, if the obstacle arises without
disablement of the vessel, at the place which is nearest
and most reasonably convenient at the time and in
the circumstances when the further prosecution of the
voyage has to be abandoned. On the other hand, after
the goods have been shipped, so long as the shipowner is

ready and willing to carry the goods to their destination,

or, if the ship is disabled, to forward them to their destina-
tion by some other ship without unreasonable delay, the
owner of the goods cannot require the goods to be delivered
to him at any place short of their destination without
payment of the full freight. Sometimes the freight,
either wholly or in part, is made payable m advaTice. If
freight payable in advance has become due, even though
the ship is lost before it is paid, it must, in the absence
of some^ special provision to the contrary, still be paid,
and freight alre^y paid in advance does not become
repayable because the goods do not reach their destina-
tion.

^

If, however, goods upon which freight has been
paid in advance are lost, and the shipowner is liable for
their loss, the amount of freight paid in advance must be
taken into account in assessing the damage recoverable
from 'the shipowner.

^

(8) There is no part of the bill of lading which is of
greater practi^ importance or which demands more care-
ful consideration by shipowner and shipper alike, than that
which sets forth the excepted perils; those perils, in other
words, or causes of loss for which the shipowner is to be
exempt from liabffity. By the common law, as we have
seen, the exemption of the carrier, apart from express
l^ntract, extended only to loss by the act of God or the
King's enemies. The expression '‘act of God'' requires
a word of explanation. It will be sufficient to say that it
IS not synonymous with force majewre; but it includes
eyery loss by force magemre in which human agency, by
act or negligence, has had no part. The list of excepted

perils varies much in different forms of bills of lading.

In the older forms it usually included perils of the seas,

robbers and pirates, restraint of princes and riilers, fire and

barratry (that is, wilful wrongdoing) of the master and

crew. The list, however, has grown in modern times, and

is still growing ; the tendency being to exempt the ship-

owner from liability for all loss which does not arise from

his own personal default, or from the negligence of his

managers or agents in failing to provide a vessel seaworthy

and fit for the voyage at its commencement. It is im-

portant to point out in this connexion that there are tw o

duties which the shipowner is always presumed to under-

take, and which are assumed to be unaffected and un-

qualified by the exceptions, unless a contrary intention is

very clearly expressed by the terms of the contract. In
the first place, he undertakes absolutely that the ship in

which the goods are shipped is fit at the commencement
of the voyage for the service to be performed. If during
the voyage loss arises even from dangers of the seas or

other excepted peril which would not have occurred if the
vessel had been seaworthy and fit for the voyage at its

commencement, the shipowner is not protected by the

exceptions, and is liable for the loss. In the second pLice,

there is an implied undertaking by the shipowner that all

reasonable care will be taken by himself, his servants, and
agents, safely to carry and deliver at their destination the
goods received by him for carriage. Should loss or damagei
occur during the voyage, though the direct cause of sucdi

loss or damage be perils of the seas or other excepted peril,

still the shipowner cannot claim exemption under the ex-

ceptions, if the shipper can prove that the loss or damage
would not have occurred but for the negligence of the
master, or crew, or other servants of the shipowner. The
shipowner, in other words, is bound by himself and his
servants to use all reasonable care to prevent lo&s by
excepted perils as well as by any other cause.

it must not De supposed that even these primary obligations,
which are introduced into every contract of affreightment not by• AAAVW wrvAjr VJ. Cbli.X U JIXUI

words but by implication, may not be excluded by the -
erms of the contract. It has now becomeexpress terms oi tne contract. It has now become

coinmon form to stipulate that the shipowner shall not
be liable for any loss arising from the negligence of his servants, or
that he shall not be liable for loss by the excepted perils evt. a whoa
brought about by the negligence of his servants. And witli rcganl
to seaworthiness, it is not uncommon for the shipowner to stipulate
that he shall not be responsible for loss arising even from the unsca-
worthiuess of the ship on sailing, provided that due care has heeu
taken by the owner, and his agents, and servants to make the ship
seaworthy at the commencement of the voyage. There is indeed
no rule of English law which prevents a shipowner from exempting
himself by the terms of the bul of lading from liability for damage
and loss of every kind, whether arising from unseaworthiness or any
other cause whatsoever. In such a case the goods are carried at
the owner's risk, and if he desires protection he must obtain it by
tourance. In this respect the law of England permits greater
freedom of contract than is allowed by the law of some other states.
The owners, agents, and masters of vessels loading in the United
States of America are forbidden by an Act of Congress, commonly
called the Harter Act, passed in the year 1893, to insert in their
contracts of affreightment any clause exempting the shipowner
from liability for the negligence of his servants

; hut it is at the
same time enacted that, provided all reasonable skill and care has
been exercised by the shipowner to make the vessel seaworthy and

V
voyage at its commencement, the shipowner shall not he

liable fox any loss caused by the negligence of the master or crewm the navigation of the vessel, or by perils of the sea or certain
other CMses set forth in the Act. It is now very usual to inseit
in the bills of lading of British vessels loading in the United
States a reference to the Harter Act, incorporating its provisions

*®™® conditions of the hill of
The MOTlty of construing the terms of bills of lading with

regart to the excepted perils, often expressed in obscure fmd in-e^ct language, has given rise to much litigation, the results of
recorded m the Keports. Where such diflSeulties

raise the question must be, What is the true and natural meaningthe hmgnage used by the parties ? This question is not govemelby the general rules which we have endeavoured to explain • butthe wor* of the contract must always be considered witE refewnw
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to these rules, which are founded upon the well-established customs
of merchants recognized and formulated by the courts of law.

(9) The bill of lading sometimes contains a clause as to
the shipowner’s litn. Without any express provision for it

the shipowner has by the common law a lien for freight. If
it is desired to give the shipowner a lien for demurrage (see

below), or other charges, it must be expressly provided for.

The lien is the right of the shipowner to retain the goods
carried until payment has been made of the freight or the
demurrage, or other charge for which a lien has been given.
The lien may be waived, and is lost by delivery of the
goods, or by any dealing with the consignee which is

inconsistent with a right of the shipowner to retain posses-
sion of the goods until payment has been made. The
shipowner may preserve his lien by landing the goods and
retaining them in his own warehouse, or by storing them
in a public warehouse, subject to the conditions required
by the Merchant Shipping Act, 1894.

Glharter-parties.

Charter-parties are, as we have already explained, either

for a voyage or for a period of time. (1) A charter-party

for a voyage is a formal agreement made between the owner
of the vessel and the charterers by which it is agreed that

the vessel “being tight, staunch, and strong, and every way
fitted for the voyage,” shall load at a certain named place

a full cargo either of goods of a specified description or of

general merchandise, and being so loaded shall proceed with
all possible despatch either to a specified place or to a place

to be named at a specified port of call, and there deliver

the cargo to the charterers or their assigns. There are

clauses which provide for the amount of freight to be paid

and the manner and time of payment; for the time,

usually described as lay days^ to be allowed for loading

and discharging, and for the demwrrage to be paid if the

vessel is detained beyond the lay days; usually also a

clause requiring “ the cargo to be brought to and taken from
alongside at merchant’s risk and expense ”

;
a clause that

the master shall sign bills of lading for the cargo shipped

either at the same rate of freight as is payable under the

charter-party or very commonly at any rate of freight (but

in this case with a stipulation that, if the total bill of

lading freight is less than the total freight payable under

the charter-party, the difference is to be paid by the char-

terers to the master before the sailing of the vessel)
;
and

there is usually what is called the cesser clause^ by which

the charterer’s liability under the charter-party is to cease

on shipment of the cargo, the shipowner taking a lien on

the cargo for freight, dead freight, and demurrage. The
charter-party is made subject to exceptions similar to those

which are found in bills of lading. There are also usually

clauses providing for the commissions to be paid to the

brokers on signing the charter-party, the “ address ” com-

mission to be paid to the agents for the vessel at the port

of discharge, and other matters of detail. The clauses in

charter-parties vary of course indefinitely, but the above is

probably a sufficient outline of the ordinary form of a

charter-party for a voyage.

What has been said with regard to bills of lading as to the

voyage, the place of delivery, the exceptions and excepted perils,

and the liability of the shipowner and his lien applies equally to

charter-parties. It may be desirable to add a few words on

demurrage, deadfreight, and on the cesser clause.

Demurrage is, properly speaking, a fixed sum per day or per

hour agreed to be paid by the charterer for any time during which
the vessel is detained in loading or discharging over and above the

time allowed, which is, as we have said, usually described as the

lay days. Sometimes the number of days during which the vessel

may be kept on demurrage at the agreed rate is fixed by the

charter-party. If no demurrage is provided for by the charter-

party, and the vessel is kept loading or discharging beyond the lay

days, the shipowner is entitled to claim damages in respect of the

loss which he has suffered by the detention of his ship
; or, if the

vessel is detained beyond the fixed number of demurrage days,
damages for detention will be recoverable. Sometimes there is no
time faxed by the charter-party ior loading or discharging. The
obligation in such cases is to load or discharge with all despatch
that is possible and reasonable in the circumstances ; and if the
loading or discharging is not done with such reasonable despatch,
the shipowner will be entitled to claim damages for the detention
of his ship. The rate of demurrage (if any) will generally he
accepted as the measure of the damages foi detention, but is not
necessarily the true measure. When the claim is for detention and
not demurrage the actual loss is recoverable, which may be more or

may be less than the agreed rate of demurrage. The contract
usually provides that Sundays and holidays shall be excepted in

countmg the lay days, but unless expressly stipulated this excep-
tion does not apply to the computation of the period of detention
after the lay days have expiied.

Dead freight is the name given to the amount of freight lost,

and therefore recoverable by the shipowner from the chaiterer as

damages if a full and complete cargo is not loaded in accoidance
with the terms of the charter-party.

The cesser clcmse has come into common nse because very fre-

quently the charterers are not personally interested in the cargo
shipped. They may be agents merely, or they may have
chartered the vessel as a speculation to make a profit upon the
bill of lading freight. The effect of the clause is that when the
charterers have shipped a full cargo they have fulfilled all their

obligations, the shipowner discharging them from all further

liability and taking instead a lien on the cargo for payment of all

freight, demurrage, or dead freight that may he payable to him.
It has become an established rule for the construction of the cesser

clause that, if the language used will permit it, the cesser of

liability is assumed to be coextensive only with the lien given to

the shipowner
;

or, in other words, the charterers are released from
those liabilities only for which a lien is given to the shipowner.
The shipowner is further secured by the stipulation already

referred to, that if tbe total freight payable under the bills of
lading is less than the full chartered freight the difference shall

he paid to the shipowner before the vessel sails. A difficulty

which sometimes arises, notwithstanding these precautions, is that
although an ample lien is given by tbe ebarter-paity the terms of
the bills of lading may be insufficient to preserve the same
extensive lien as against the holder of the bills of lading. The
shippers under the hills of lading, if they aie not the charterers,

are not liable for the chartered freight, hut only for the bill of
lading freight ;

and unless the hill of lading expressly reserves it,

they are not subject to a lien for the chartered freight. The
master may guard against this difficulty by refusing to sign bills

of lading which do not preserve the shipowner’s hen for his full

chartered freight. But he is often put into a difficulty by a
somewhat improvident clause in the charter-party lequiring him to

sign bills of lading as presented.

(2) A time charter-party is a contract between the

shipowner and charterers, hy which the shipowner agrees

to let and the charterers to hire the vessel for a specified

term for employment, either generally in any lawful trade

or upon voyages within certain limits. A place is usually

named at which the vessel is to be redelivered to the

owners at the end of the term, and the freight is payable

until such redelivery
;
the owner almost always pays the

wages of the master and crew, and the charterers provide

coals and pay port charges
;
the freight is usually fixed at

a certain rate per gross register ton per month, and made
payable monthly in advance, and provision is made for

suspension of hire in certain cases if the vessel is disabled

;

the master, though he usually is and remains the servant

of the owner, is required to obey the orders of the

charterers as regards the employment of the vessel, they

agreeing to indemnify the owners from all liability to

which they may be exposed by the master signing bills of

lading or otherwise complying with the orders of the

charterers; and the contract is made subject to exceptions

similar to those in bills of lading and voyage charter-

parties. This is the general outline of the ordinary form

of a time charter-party, but the forms and their clauses

vary of course very much, according to the circumstances

of each case.

It is apparent that under a time charter-party the ship-

owner to a large extent parts with the control of his ship,

which is employed within certain limits according to the

S. 1— 15
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•wisli and directions, and for the purposes and profit of,

the charterers. But, as we have already explained at the

beginning of this article, the shipowner continues in

possession of his vessel by his servant the master, who

remains responsible to his owner for the safety and proper

navigation of the ship. The result of this, as has been

already pointed out, is that the holder of a bill of lading

signed by the master, if he has taken the biU of lading

without knowledge of the terms of the time charter-party,

may hold the owner responsible for the due performance

of the contract signed by the master in the ordinary

course of his duties, and within his ostensible authority

as servant of the shipowner, although in fact in signing

the bill of lading the master was acting as agent

for and at the direction of the time charterer, and

not the shipowner. In the language of the ordinary

time charter-party the ship is let to the charterers

;

but there is no true demise, because, as we have

pointed out, the vessel remains in the possession of the

shipowner, the charterer enjoying the advantages and
control of its employment. Where the possession of a

ship is given up to a hirer, who appoints his own master

and crew, different considerations apply
;
but though the

instrument by which the ship is let may be called a
charter-party, it is not truly a contract of affreightment.

There are certain rights and obligations arising out of

the relationship of shipowner and cargo -owner in cir-

cumstances of extraordinary peril or urgency
in the course of a voyage, which, though not
strictly contractual, are well established by the

custom of merchants and recognized by the law. It is

obvious that, when a ship carrying a cargo is in the

course of a voyage, the master to some extent represents

the owners of both ship and cargo. In cases of emer-
gency it may be necessary that the master should, without
waiting for authority or instructions, incur expense or

make sacrifices as agent not only of his employer, the
shipowner, but also of the cargo-owner. Ship and cargo
may be in peril, and it may be necessary for the safety of
both to put into a port of refuge. There it may be
necessary to repair the ship, and to land and warehouse,

N I S T A N
and afterwards reship the cargo. For these purposes the

master will be obliged to incur expense, of which some

part, such as the cost of repairing the ship, will be for the

benefit of the shipowner
;
part, such as the warehousing

expenses, will be for the benefit of the cargo-owner
;
and

part, such as the port charges incurred in order to enter

the port of refuge, are for the common benefit and safety

of ship and cargo. Again, in a storm at sea, it may be

necessary for the safety of ship and cargo to cut a'way a

mast or to jettison, that is to say, throw overboard part

of the cargo. In such a case the master, acting for the

shipovmer or cargo-owner, as the case may be, makes a

sacrifice of part of the ship or part of the cargo, in either

case for the purpose of saving ship and cargo from a

danger common to both. Voluntary sacrifices so made
and extraordinary expenses incurred for the common
safety are called General Ateraoe {q.v,) sacrifices and
expenses, and are made good to the person who has made
the sacrifice or incurred the expense by a general average

contribution, which is recoverable from the owners of the

property saved in proportion to its value, or, in other

words, each contributes ratably according to the benefit

received. The law regulating the rights of the parties

with regard to such contribution is called the Law of

General Average. It must, however, be remembered that

the owner of the cargo is entitled under the contract of

affreightment to the ordinary service of the ship and crew
for the safe carriage of the cargo to its destination, and
the shipowner is bound to pay all ordinary expenses
incurred for the purpose of the voyage. He must also

bear all losses arising from damage to the ship by
accidents. But when extraordinary expense has been
incurred by the shipowner for the safety of the cargo, he
can recover such expense from the owner of the cargo as a
special charge on cargo

;
or when an extraordinary expense

has been incurred or a voluntary sacrifice made by the
shipowner to save the ship and cargo from a peril common
to both, he may require the owner of cargo to contribute
in general average to make good the loss.

See Carver, Carriage hy Sea, London, 1899.—Scrutton,
Charterparties and Bills ofLading, London, 1900. (w.)

AFGHANISTAN.
Geography and Statistics.

TTTEBY much was contributed to our knowledge of
V Afghanistan during the last quarter of the 19th cen-

tury. The Afghan war of 1878-80 afforded an opportunity
for the extension of wide geographical surveys on a scientific

basis
;
and this opportunity was afterwards repeated by the

Eusso-Afghan Boundary Commission of 1884-86. Since
then much of the country on the immediate borders of India
has been explored by the native employes of the Indian
Survey during the progress of a series of minor expeditions;
and the boundary delimitations which resulted from the
agreement of November 1893 at E:abul, together with the
frontier campaign of 1897-98, have finally reduced the geo-
graphy of the whole borderland to practical shape. For the
purposes of this article there will be included within the
general term Afghanistan '' not only those districts which
fall within the new political boundaries of the Kabul
Government, but those states on the border, lying between
Afghanistan and British India, whose status has lately
been defined as “ independent,’^ and which are peopled
either by Pathans or Afghans, speaking the same language
and belonging to the same religious community as the
Ai^ghans of the Kabul kingdom.

Eiver Basins.—^Whilst, broadly speaking, the chief
features of Afghan topography and hydrography were well
enough known previously to the Afghan war of 1878, certain
modifications in detail are to be noted in modern maps,
and much supplementary information can now be added.
It will be convenient to deal -with Afghanistan under the
natural divisions of its river basins rather than of the
separate provinces included within its political boundaries.
The following are the chief hydrographic divisions of the
country—(1) the Kabul river and its tributaries; (2) the
Indus affluents, which for the most part drain the in-
dependent provinces of the frontier

; (3) the Oxus basin ;

(4) the basin of the Helmand
; (5) the basin of the Hari

Bud.

XI. «
riTer rises ar rne loot oi tJie Unai pass, leading over

gie Sanglakh range, an offshoot of the Hindu Kush, towards
^amian and Afghan Turkestan. Prom its source to Kabul is only
45 miles as the crow flies, and the amount of water which
the nver cames is small and often insufficient for purposes of
irrigation. Neither in volume nor in length is it to be com-pared with the Logar river, which joins it at a point less thanhalf a mile east of Kabnl The Logar rises beyond aLzni, amoMst

Koh (14 200 feet), which overlooksGhazm nhiin from the we^, and with minor afSuents drains thench valleys of Logar and Wardak for more than 100 miles ere it
emerges from the gorges of the Shakh-i-BaraS to joi“t^
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in the plain that stretches to Butkak. The valleys of the L(^ar
aie amongst the richest and most picturesq^ue of Afghanistan. The
united streams pass from the Kabul plain (6900 feet) through a
precipitous gorge into the lower level of the Doaba to the north
of the Kabul-Lataband road, and do not touch the road again till

they pass Jalalabad. Meanwhile the volume of the river has been
swelled at Doaba by the Tagao, which caines the drainage of the
eastern slopes of the Hindu Kush from the head of the Panjshir,
at the Khawak pass (11,640 feet) to the sources of the Ghorband,
near the junction of the Hindu Kush with the Koh-i-Baba. Into
the Tagao fall the rivers and streams of the Koh Daman north
of Kabul, as well as those of a considerable section of Kohistan,
which forms Western Kahristan

; so that the Tagao affluents com-
bined present probably a greater volume than the Kabul, at
Doaba. Before

^

reaching Jalalabad the Kabul receives another
great contribution from the north in the united waters of the
Alingar and the Alishang, which, under the former name, join
in the Laghrnan plain. These two rivers between them drain all
Central Kafiristan south of the Hindu Kush, and unite with the
mam channel of the Kabul in a broad clear stream which gives

little indication of its mountain origin. Very little is known
about the catchment areas of these two livers. It is a vast

wilderness ofmountains, the gates ofwhich are jealouslyguarded by
the Afghan Government ; but the lower reaches of the Almgar ^ass

through comparatively open plains, and are fringed with flourish-

ing villages. The Laghrnan (or Lamghan) plain is important as

indicating the ancient route from Kabul to India, which, instead

of passing through Nangrahar and Jalalabad, followed the course

of the Kabul river through this plain into the Kunar valley, and

thence passed into Bajaor, and was carried by one of several frontier

passes into the plains of Peshawur. The Khaibar is a modern

route, regarded as a main line of communication. The southern

affluents of the Kabul river are insignificant
;
but two other great

tributaries from the north—the Kunar, or river of Chitral, and the

Swat (with its Panjkora affluent)—have been thoroughly examined.

Only about one-third of the total length of the Kunar (270 miles

from Lake Karambar on the Hindu Kush to Jalalabad) is within

the limits of Afghanistan. The new political boundary crosses

the valley at Arnawai, near the junction of the Bashgol river of

Kafiristan with the Kunar. Above this point Chitral intervenes

between Afghanistan and the Gilgit province of Kashmir. Below

it the eastern water-divide of the river shuts off Bajaor. ipie

extreme narrowness of the river basin is remarkable, there being

no considerable affluent from either side except the Bashgol,

whilst the craggy ranges which intervene between the stream and

the Panjkora on the east (or again between the Panjkora and

Swat rivers), [although of enormous altitude (from 12,000 to 15,000

feet), stand on a base which averages less than 25 miles. Nearly

due east of Chitral the culminating peaks overlooking the sources

of the Panjkora to the south, and those of the Gilgit river to the

east, rise to nearly 19,000 feet of altitude.

The Swat and Panjkora river basins belong to the Cis-Afghan

independent territory, which was largely exploited during the

recent north-western expeditions. Their main characteristics are

those of the Kunar ;
but they rise far to the south of the sources of

that river, the range which forms the southern water-divide of the

Upper Gilgit basin enclosing those small tributaries ainongst its

southern spurs, which swell into big affluents ere they join these

two historic streams. Much of the northern parts of their basins,

including the districts of Darel and Tan^ir, immediately south of

Gilgit, still remains to be explored. Within historic times much
of the Lower Swat, Panjkora, and Kunar valleys was occupied by

Kafir tribes, the limits of their occupation being traceable by the

total absence of those Buddhist archaeological remains which
abound on all sides of the sphere of paganism.
That part of the basin of the Indus beyond the Kabul

and its tributaries which appertains to Afghanistan is incon-

siderable. It includes hardly more than the upper tributaries

of the Gomul river, which rise in the plains between
Waziristan and Ghazni, hut the area of Cis-Afghan independent
territory which is drained by the Indus is both extensive and
olitically important. Kanjut, the glacial region which gives

irth to the Hunza river ; the valleys of Yassin and of the

Upper Gilgit
;
a long strip of territory adjoining the Indus—the

region to which the name Kohistan is frequently given—all this

independent territory forms a northern section of the Indus basin

apart from the Kabul tributaries. Farther south the rivers of

the frontier—the Kuram, the Tochi, the Gomul, and others

between these, too many to enumerate—all drain downwards from

the Afghan frontier through the independent strip of mountain

barrier to effect (where the intervening sands permit) a junction

with the Indus.

As all this countryhas been geographically surveyed, the outline

of the disjointed hydrographical network which forms the western

catchment of the Indus between Attok and the Gomul (where the

political boundary of Baluchistan intervenes) may be best studied
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on tile maps of tlie Indian Survey. The frontier valleys belong

to two distinct geological types. They are either deep, steep-

sided valleys, with rapid streams carrying quantities of debris, or,

where the upheaval of the river bed has been too rapid for the

cutting-down action of the river, and the grade has been lessened,

an alluvial plain has been formed, which affords a broad, open,

and gently-rising ramp leading up to the Afghan plateau. Such
are the valleys of the Kuram and the Tochi. The general flow of

all these frontier affluents of the Indus from the Afghan plateau

to the plains of the Derajat is directly across the axis of the

minor frontier ranges, which lie packed in parallel lines of

ridge and furrow, forming a series of grades, or steps, from the

lower to the higher level. The streams rise on the plateau west
of, and beyond, the prominent line of highest elevation, breaking
straight through the hard sandstone or limestone ranges, and
forming deep gorges where they pass ;

whilst their tributaries,

joining almost at right angles in long narrow lateral valleys,

wash the softer clays and shales from off the surface of the
harder rocks, and carry down the debris to assist in grinding
through the limestone barriers. The frontier hills between
the Gomul and the Kuram present many instances of such
narrow gateways to the Afghan highlands

;
to the south of the

Gomul they form the most prominent type of opening into the
hills.

Two important river basins of Afghanistan, belonging to that
central system which has no connexion with the sea, have been
examined, and many interesting facts connected with them remain
to be recorded. The Hari Bud, or river of Herat, which loses
itself in the Tejend oasis north of the Ti’ans-Caspian Railw^ay,
and west of Merv, rises in the western slopes of the Koh-i-Baba,
the mountain mass which abuts on, and closes, the Hindu Kush,
to the west of Kabul. It runs a remarkably straight course west-
ward through a narrow trough from Daolatyar to Oheh. This
trough lies between the southern ridge of the great Central Afghan
watershed, which holds the head -waters and sources of the
Mur^ab on the north, and the narrow water-parting formed by
the Band-i-Baian and Koh-i-Sufed on the south. From this
latter divide the tributaries of the Farah Rnd and other rivers of
the Sistan basin take their rise. The deeply-eroded valley of
the Hari Bud, filled in with the detritus washed down by periodi-
cal floods from the soft loess formations of sand and clay which

it, is of^eat fertility in its lower and wider reaches between
Obeh and Kuhsan, 50 miles west of Herat

;
but its upper course is

barren and sand-spread, winding amidst the bleak wind-swept
uplands of the highest central elevations in Afghanistan. The
most notable features about the Lower Hari Bud are the absolute
exhaustion of its waters in the early summer seasons of irrioration
and the rapidity with which natural processes of denudatfon are
lowering its bounding watersheds. Immediately north of Herat
the central water-divide, which is locally known by the name of
Slab Buhuk (but to which the general term Paropamisus has been
given in order to preserve a historical designation which belongs
more correctly to the Hindu Kush), is being reduced so rapidly to
a final stage of rounded curves and gentle declivities that it is
already possible to drive a wheeled carriage across it without any
prelimmary road-making. The sources of the Eelmand, likithoM of the Han End, he m the recesses of the Koh-i-Baba to the^stof Kabul, Its infant stream parting the Unai pass from the
uafej the wo chief passes on the well-kno'wn road from Kabul to^nmn. Joi fifty ^les from its source its course is ascertained,
but Myond that point for the next fifty no European has followed
It. About tbe UMallel of 33° N. lat. it enters the Zamindawar
proTince which hes to the north-west of Kandahar, andthence-
for-TOTd It is a well-mapped river to its termination in the Lagoons,

This great central depression, which isabo^ 1700 feet above sea-level, also receives the waters of several
of tfie Harut, the Farah, and the

are the pnnmpal They drain the highlands occupied bv the
of Amak. About the upper affluents

L .fertile valleys which surrounded Taiwara,
^
1

*^® anoipt kingdom of Ghor, and here the Taimanitaghlamds ouln^te in peaks rising to a height of over 12,000fMt above sea-level. For 200 miles due east of Taiwara there

of 000“i^3°ono
desolation marked by peaksor 11,000 to 13,000 feet, the home of the Hazaras. Her^ isenoloseda northern section of the valley of the and in,ftis portion of the valley is situated Ghfrao, markinga grW road

®®i n+T.
of any significance is known

northern affluents of the Sistan TraTv.rt„q
of then^ of highland rivers than the hwad^nd

curve
Throughout its great southern

^^® shapes an even and solitary course, receivingno oontnbutions from either side, through a vaUev whShiftMeedi^ly narrow, but fertile and green, and full of the last
to tiat Kaiani kingdomonw OMtod on Kala Fath. From the Helmand, n^r itsgreat bend northwards, a most extensive system of irrigation was

ouce devised, a sjrstem which watered hundreds of square miles

of now barren plain to the west.
A noteworthy feature of the Sistan lagoon is that in times of

excessive flood it overspreads a vast area of country, both to thti

north and south, shutting off the capital of Sistan (Kasirabad)
from surrounding districts, and spreading through a channel
southwards known as Shelag to another great depression called

the Gaud-i-Zirreh. This great salt swamp is about 1000 feet low^er

in elevation and is situated so close to the Helmand as to leave
but a few miles of broken ridge between. By that ridge all

communication with Sistan must pass in time of flood. Sistan
becomes a promontory connected with the desert south of the
Helmand by that isthmus alone. Bccent boundary jiroceeding^;
have included it within the Amir’s territory. The Atghan basin
of the Oxus includes a part of the Pamirs and all Badakshait
and Afghan Turkestan.

^

Badakslian is drained by two main
rivers—-the Kokeba (or river of Fai^abad) and the Khanabacl,
which takes its name from a town on its banks. Above the
Kokcha junction the Oxus is a mountain-bred river, rcceiv ing no
contributions of any importance from the Afghan side, liclow
the Khanabad the Oxus is a river of the plains

; and as far as
Khamiab, where it ceases to be the boundary of Afghanistan, no
Afghan river of any importance roaches it. The Tashkurqlian
river, the Band-i-Amir or Balkh river, the Sliilmrghan, and the
Andkhui, all start for it, bringing down snow-fiMl torrents from
the Koh-i-Baba, and Band-i-Turkestan in spring, and tailing otl

into the countless irrigation channels in the Balkh plain ; but
neither in winter nor in summer do any of them cross the fringe
of sand desert that lies south of the Oxus river in cultivation.
This appears to be due to the alteration of the plain levels by a
gi'adual process of upheaval quite as much as to the absori)tiou
of the water-supply in irrigation. Where these rivers run into
irrigation the plain is highly cultivated

;
but the Oxus itsol f is no

longer utilized for agricultural purposes, except within a compara-
tively narrow fringe. This fringe is, however, of t‘onsi<U*rable
local importance (see Oxus). On the western borders of Afghan
Turkestan the Murghab river and the Hari Bud lose themselvesm the Merv and Tejend oases. The Murghab starts from the
Firozkhoi highlands (the northern scarp of which is defined by
the Band-i-Turkestan), and, after traversing that xffateau from
east to west, it turns north through deeply-cut defiles to Bala
Murghab, and effects a final junction with the Knshk n(‘ur Panjdcli.
At Bala Murghab the valley is open, with the loess formation of
the Chul bounding it on either hand. Beyond, Panjdeh it emerges
into the Tulatan desert.

Momtain Systems.—The dominant niouiitaiu system
of Afghanistan is the Hindu Kush, and that exten-
sion westwards of its water-divide which i.s indicated by
the Koh-i-Baba to the north-west of Kabul, and by the
Firozkhoi plateau (Kaijistan), which merges still fartlior to
the west by gentle gradients into the Paropamifeu.s, and
which may be traced across the Hari Kud to MasKul.
The Gulminetiiig peaks of the Koh-i-Baha overlookina tho

Miuoos of the Hari Rud, the Helmand, the Kundnz, and the
Kabul, very nearly reach 17,000 foot in height (Shah Fuladi, the
highest, IS 16,870), and from them to the south-west long spurs
divide the upper tributaries of the Helmand, and separate its
basin from that of the Farah Bud. These spurs retain a consider-
able altitude, for they are marked by peaks exceeding 11,000 feet.They sweep in a broad band of roughly parallel ranges to the
south-west, preserving their general direction till they abut on
the Great Begistan desert to the west of Kandahar, where they

X
detached and broken anticlinals whoso

sides are swept by a sea of encroaching sand. The long, straight
thelrgandab, the Tirnak,\nd

vaUeys, and flank the route from Kandahar to Ghazni,determining the direction of that route, are outliers of this

Sa.igUn, Bamian, and ifamard

between the plateau and the sand formations of the ChulK from LociMt of Wbich, as from a waU, tbe extraordinaiy co^OTra^n ofthat immense loess deposit called the Chul can S seen^™te.w,fia^y norriiwards to the Oxns^ridge upon xW«e wiveyeU?^-g»y sea of stom-twisted hilowg Th^sSi’Turkestan anticlinal may he traced eastwards of the Balktah
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(the Band-i-Amir) within the folds of the Kara Koh to the
ICunduz, and beyond

; but the Kara Koh does not mark the
northern wall of the great plateau nor overlook the sands of the
Oxus plain, as does the Band-i-Turkestan. Here there intervenes
a second wide synclinal plateau, of which the northern edge is

defined by the fiat outlines of the Elburz to the south of Mazar-i-
Sharif, and iinmediately at the loot of this range lie the alluvial

fiats of Mazar and Tashkurghan. Opposite Tashkurglian the
Oxus plain narrows to a short 25 miles. On the south this great
band of roughly undulating central plateau is bounded by the
Koh-i-Baba, to the west of Kabul, and by the Hindu Kush to the
north and north-east of that city. Thus the main routes from
JCabul to Afghan Turkestan must cross either one or other of
these ranges, and must traverse one or other of the terrific defiles

which have been carved out of them by the upper tributaries of

the rivers running northwards towards the Oxus. Probably in

no country in the world are there gathered together within com-
])aratively narrow limits so many clean-cut waterways, measuring
thousands of feet in depth, affording such a stupendous system of

narrow roadways through the hills.

After the Hindu Kush and the Turkestan ranges, that of the
Safed Koh, which divides Ningrahar (or the valley of Jalalabad)

from Kuram and the Afridi Tirah, is the most important, as it is

the most impressive, in Afghanistan. But the general features of

the Safed Koh have been sufficiently described already, and it

only remains to illustrate its configuration in relation to the*

mountain systems about Kabul, and south of Peshawur. The
highest peak of the Safed Koh, Sikaram, is 15,600 feet above
sea-level. Prom this central dominating peak it falls gently

* towards the west, and gradually subsides in long spurs, reaching

to within a few miles of Kabul and barring the road from Kabul
to Ghazni. At a point -which is not far east of the Kabul meridian

an offshoot is directed southwards, which becomes the water-

paiting between the Kuram and the Logar at Shutargardan, and
can be traced to a connexion with the great watershed of the

frontier dividing the Indus basin from that of Helmand. This

main watershed retains its high altitude far to the south. There

are peaks measuring over 12,000 feet on the divide between the

Toohi and the Ghazni plains. At the eastern extremity the

Safed Koh splits and spreads into several branches. Between

these branches are the Bazar valley
;
the Bara, which receives

the Maidan drainage ;
the Khanke, and other lesser valleys.

The Afridi Tirah is but an upland basin held within the arms of

some of the minor Safed Koh spurs, which, from the peculiarity

of its formation and its narrow drainage outlet, contains a vast

depth of highly fertile alluvial soil.

Between the Safed Koh and the Gomul (where lies the official

boundary of Baluchistan) the frontier mountain system is more

irregular than it is south of that river, where an invariable

system of close parallel flexures predominates. The first develop-

ments of this system are recognizable in the long straight ridges

trendingfromnorth-east to south-west,whichmaybe seento thewest

of the peaks heading the Waziri group, forming the dividing line of

the Indus basin. But this configuration is not so apparent in the

'VVaziri hills or in those between the Kuram and the Kaitu, where

the mountains are massed in more independent and isolated

groups, facing steeply westwards and culminating on their

western summits in peaks 11,600 feet above sea-level. But the

same conformation of crumpled limestone ridges, overlaid with

Tertiary deposits, which pervades all Afghanistan and^ Balu-

oliistan, prevails also throughout Waziristan and determines its

general outlines. The extension of a long ridge towards the

Indus, which curves in a grand sweep northwards overlooking the

river, introduces a welcome break into the monotonous regularity

of frontier scenery. On this ridge is the frontier hill station of

Sheikh Budin.

Geology.—So far as we know at present the geologi<^l

history of Afghanistan differs widely from that of India.

When, somewhere at the conamencement of the Cretaceous

period, the peninsula of India was connected by land with

Madagascar and Southern Africa, all Afghanistan, Balu-

chistan, and Persia formed part of an area which was not

perhaps continuously below sea-level, but which exhibited

alternations of land and sea. The end of the Cretaceous

period saw the commencement of a series of great earth

movements ushered in by volcanic eruptions on a scale

such as the earth has never since witnessed, which resulted

in the upheaval of the Himalaya by a process of crushing

and folding of the sedimentary rocks till marine fossils

were forced to an altitude of 20,000 feet above the sea. It

was not till the Tertiary age, and even late in that age,

that much of the land area of Afghanistan was raised
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above the sea-level. Then the ocean gradually retired into

the great Central Asian depressions.

Everywhere there have been great and constant changes of

level since that period, and the process of flexure and the forma-
tion of anticlinals traversing the northern districts of Afghanistan
is a process which is still in action. So rapid has been the land
elevation of Central Afghanistan that the erosive action of rivers

has not been able to keep pace with that of upheaval
;
and the

result all through Afghanistan (but specially marked in the great
central highlands between Kabul and Herat) is the formation of

those immensely deep gorges and defiles which are locally known
as “daras.” One of these, in the Astarab, to the south-east of

Maimana, is but 30 yards wide, and is enclosed between perpen-
dicular limestone cliffs 1500 feet high. Throughout Afghan
Turkestan and Afghanistan the lowest beds belong to a marine
Carboniferous era. These are overlaid by a long succession of
strata, partly marine and partly fluviatile, forming an unbroken
series up to Jurassic times. On the upturned and denuded edges
of these strata enormously thick beds of Cretaceous limestone rest

unconformably
;
above these, again, marine and freshwater deposits

are spread. Griesbacli considers that the general outline of the

land configuration has remained much the same since Pliocene

times, and that the force which brought about the wrink-

ling of the older deposits still continues to add fold on fold.

The highlands which shut off the Turkestan provinces from
Southern Afghanistan have afforded the best opportunities

for geological investigation, and, as might be expected from
their geographical position, the general result of the examina-
tion of exposed sections leads to the identification of geological

affinity with Himalayan, Indian, and Persian regions. The
general configuration of the Turkestan highlands has been already

indicated. Against the last great fold which terminates this-

mountain area northwards are ranged the Tertiaries and recent

deposits. North ofMaimana they form low undulating loess hills,

in which most ofthe Band-i-Turkestan drainage is lost. This -wide-

spreading loess area, formed partly of wind-blown sand and partly

of detritus from the mountains, is known as Chul, and merges into

the great plains south of the Oxus river, a great part of which is

covered with modern aerial deposits. Beneath this Chul formation
the older beds of the outer and Turkestan ranges dip and pass to
an irregular outcrop near the banks of the Oxus. Between the

Oxus and the hills there has already been formed a rise or flexure

in the ground, which extends more or less parallel to the northern
! edge of the hills, and, shutting in the cultivated area of the

plains, arrests all tributaries seeking to effect a junction

with the Oxus from the south, and leads to the formation of
marshes and swamps. This appears to be the commencement of
a new anticlinal which has altered the levels of the Balkh plain,

and is indicative of those elevating processes which may have
been effective within historic times in changing the climate and
the agricultural prospects of this part of Central Asia. The Oxus
itself is steadily encroaching on its right banks and depositing

detritus on the left.

No fresh discoveries of minerals likely to be of high economic

value to Afghanistan have been made of late years. Such as are

known and worked at present have been worked from very ancient

times, and their capacity is not likely to develop greatly under
the Kabul Government. The most important feature in this

connexion which was noted by the geologist of the Russo-

Afghan Commission is the existence of vast coal beds in

Northern Afghanistan.
There are no glaciers now to be found in Afghan Turkestan ;

hut evidences of their recent existence are abundant. The great

boulder bed terraces in some of the valleys of the northern slopes

of the Ferozkhoi plateau are probably of glacial origin. In the

mountains west of Kabul glaciers have retired, leaving the
moraines perfectly undisturbed. They were probably cotemporary

with the older alluvia.

Climate.—Over an area so large as Afghanistan, involving

such varied conditions of geographical conformation, we find,

as we might expect, a varied climatic record. Taking the

highlands of the country as a whole, there is no great

difference between the mean temperature of Afghanistan

and that of the lower Himalaya. Each may be placed at

a point between 50° and 60° E. But the remarkable

feature of Afghan climate (as also of the climate of Balu-

chistan) is its extreme range of temperature witHh limited

periods. The least daily range in Northern Afghanistan is

in the cold weather, the greatest in the hot. For seven

months of the year (from May to November) this range

exceeds 30° F. daily. The coldest month of the year

is February, the mean minimum being 17° F., and tho
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maximuixi 38**, in tho northern Herat districts. Waves of

intense cold occur, lasting for several days, and one may

have to endure a cold of 12° below zero, rising to a

maximum of 17“ below freezing-point. The eastern

reaches of the Hari End river are frozen^ Hard in winter,

rapids and all, and the people travel on it as on a road.

On the other hand the summer temperature is exceedingly

high, especially in the Oxus regions, where a shade maxi-

mum of 1 10° to 1 20“ is not uncommon. Afghanistan lying

outside monsoon influences, there are steadier weather

indications than there are in India. The north-west

blizzards which occur in winter and spring are the most

noticeable feature, and their influence is clearly felt on the

Indian frontier. The cold is then intense and the force of

the wind cyclonic. It was a blizzard of this nature which

proved so disastrous to the Afghan Boundary Commission

in April 1885.

Political Boundaries,—^In the realm of political geo-

graphy, whilst no great changes have lately been effected

in the political status of Afghanistan as an independent

state subject to British suzerainty, more exact definition

has been given to the extent of territory under Kabul rule

;

and the geographical limits of the Amir’s responsibility

have been more distinctly laid down by the delimitation

of boundaries. These delimitations commenced with the

Eusso-Afghan Commission of 1885, and they concluded

with the Mohmand expedition of 1897, at the close of a

long series of disjointed efforts arising out of the agree-

ment signed at Kabul in November 1893.

Commencing with the Persian border at Zulfikar on the Hari
Rud river, the boundary between Afghanistan and Russia follows

a line roughly parallel to the course of the Paropamisus, and
about 35 miles to the north of it, till it strikes the Kushk river in

Jamshidi territory at a point which was once known as Chahil
Dukteran, but is now the Russian station of Kushk, and the

terminus of a branch railway from Merve. The Russian Kushk
is about 20 miles below the old Jamshidi settlement of the same
name, itself about 15 miles north of the crest of the Paropamisus.
The height of the Russian station is about 2000 feet above sea,

and there is a rise of 4000 feet to the crest of the Paropamisus.
Prom here to Herat (roughly 25 miles) the fall is about 3500 feet.

From Kushk the boundary runs north-east, crossing the Murghab
near Maruchak (which is an Afghan fortress), and thence passes
north-east through the loess hills of the Chul, and the undula-
ting deserts ofthe Aleli Turkmans, to the Oxus, leaving the valleys
ofCharshamba and ofthe Andkhui (towhich it runs approximately
parallel) within Afghan limits. These valleys denote the limits
of cultivation in this direction. Throughout all this region the
boundary is generally of an artificial character, marked byipillars,

but it is here and there indicated by natural features forming
local lines of water-parting or water-course. The boundary meets
the Oxus at Khamiab at the western extremity of the culti-

vated district of Khwaja Salar, and from that point to the
eastern end of Lake Yiotoria in the Pamirs the mam channel of
the Oxus river forms the northern limits of Afghanistan (see

Oxirs).^ Eastwards from Lake Yictoria the frontier line was
determined by the Pamir Boundary Commission in 1895. A part
of the little Pamir is included in Afghan territory, but the
boundary crosses this Pamir before the great bend northwards of
the Aksu takes place, and, passing over a series of crags and un-
traversable mountain ridges, is lost on the Chinese frontier in the
snowfields of Sarikol. Bending back westwards upon itself,

the line of Afghan frontier now follows the water-parting of
the Hindu Kush ; and as the Hindu Kush absolutely overhangs
the Oxus nearly opposite Ishkamish, it follows that, at this point,
Afghanistan ^ about 10 miles wide. Thus a small and highly
elevated portion of the State extends eastwards from its extreme
north-eastern corner, and is attached to the great Afghan quadri-
lateral by the thin link of the Panja vaUey. These narrow
limits (called Wakhan) include^ the lofty spnrs of the northern
flank of the Hindu Kush, an impassable barrier at this point,
where^ the glacial passes reach 19,000 feet in altitude, and the
enclosing peaks 24,000 feet. The backbone or main water-divide
of the Hindu Kush continues to form the boundary between
Afghanistan and those semi-independent native states wlxich
fringe Kashmir in this mountain region, until it reaches Kafiristan.
Ptom near the Dorah pass (14,800 feet), which connects Chitral
with the Panja (or Oxus) river, a long, straight, snow-clad spur
teachea southwards, which divides the Kafiristan valley of Bashgol
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from that of Chitral, and this continues to denote the eastern

limits of Afghanistan till it nearly touches the Chitral nver

opposite the village of Arnawai, 45 miles south of Chitral. Here

the Bashgol and Chitral valleys unite and the boundary passes

to the water-divide east of the Chitral river, alter crossing it

by a spur which leaves the insignificant Arnawai valley to

the north
;

along this water-divide it extends to a point

nearly opposite the quaint old town of Pashat in the Kunai*

valley (the Chitral river has become the Kunar in its course south-

wards), and then stretches away in an uneven and undefined line,

dividing certain sections of the Mohmands from each other by

hypothetical landmarks, till it strikes the Kabul river near Palosi.

Thence following a course nearly due south, it roaches Lundi

Kotal. From the abutment of the Hindu Kush on the Sarikol in

the Pamir regions to Lundi Kotal, and indeed throughout its

eastern and southern limits, the boundary of Afghanistan which

we are describing does not part that country from British India,

^

but from certain outlying indejjendent frontier districts, all of

which lie beyond the boundary which Britain inherited from the

Sikhs, and which is still recognized as the limit of British Indiii.

Kanjut, Chitral, Bajaor, the Mohmand districts, 8wat, and Buncr

are all included in this fringe of quasi-independent territory,

which, although the degree of independence enjoyed by it is oi'

a different character altogether from that enjoyed l)y Afghanistan

(being more immediately under British political control), has

never yet been included within the red line. From tin* neigh-

bourhood of Lundi Kotal the boundary is carried to the Sated

Koh overlooking the Afridi Tirah, and then, rounding olf tin*

cultivated portions of the Kuram valley below the. Peiwar, it

crosses the Kaitu and passes to the upper reaches of the Toclii.

Crossing these again, it is continued on the west of ^Vaziristan,

finally striking the Gomul river at Domandi. So far it has

divided Afghanistan from the independent province of tln*^

Punjab. South of the Gomul it separates the int(*r(*sts of

Afghanistan from those of Baluchistan. The Punjab independ-

ent provinces^ are traversed by certain routes (the Kliaibar, th(»

Kuram, the Tochi, and the Gomul) which are held by British

arms, and guarded by regulars or militia in British pay. At tlu*

western extremities of these routes India touches Afghanistan,

and nowhere else. From Domandi (the junction of the Kundar
river and the Gomul) the Afghan boundary marches with that of

Baluchistan (see Baluchistan). It is carried to the .south-u(‘st

on a line which is largely defined by the channels of the Kundar and
the Kadanai to a point beyond the Sind Peshin terminal station

of New Ohaman, west of the Khojak range, and then <lro]>s south-

wards to Shorawak and Nushki. From Nu.shki it <'rosscs the

Helmand desert, touching the crest of a well-defim*<l mountain
watershed for a great part of the way, and, leaving Chagai to

Baluchistan, it strikes nearly west to the Persian frontn*!*, and
joins it on the Koh-i-Malik Siah mountain, south of Sistan. Two
points of this part of the Afghan boundary are notable. It leaves
some of the most fanatical of the Burani Afghan peojdo on tin*

Baluch side of the frontier in the Toba district, north (d‘ tlu*

Quetta-Chaman line ofrailway
;
and it passes 50 miles south of the

Helmand river, enclosing within Afghanistan the only approach
to Sistan from India which is available during the seasons of
Helmand overflow. Between Afghanistan and P(*r.sia the
boundary was defined by Sir F. Goldsmid*s Commission in 1872
from the Malik-Siah-Koh to the Helmand Hamdiis

; beyond
those lagoons to the northward it is still indefinite till it touches
the district of Hashtadum in lat 34® 15', Here again a .small
section of about 40 miles has been delimited as far as the Hari
Rud river at Toman Agha (some 12 miles below Kuhsiln),
and from this point to Zulfekar the Hari Rud is itself th<*

boundary.

Afghan Provinces,—‘Withm the limits of this boundary
the chief provinces of Afghanistan are those of Kabul,
Zabul (or Kandahar), Herat, and Afghan Turkestan, Tlic

Kabul province mainly (for it is not possible to enter into
details as regards these indefinite internal provincial
boundaries) includes the Kabul basin, and Eoh. Eoh
originally signified all the country of the Suliman and
Khaibar hills so far as they are occupied by Pathans,
from Bajaor on the north to Peshin and Sibi on the
south, and from the Indus to Ghazni and the Khojak in
the west. The word Eoh means the same as Koli (a
mountain), and the Eoh mountaineers are the llohilla of
history. By the late boundary demarcation a jjart of Eoh
has become independent of Afghanistan, and the name
might conveniently be applied to all that independent

These provinces have been included in a political agency distinct
from the Punjab since the above was written.
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strip of territory whicli now intervenes as a bujffer between
British India and Afghanistan. Zabul includes Sistan,

and, although well enough known to Afghans, the name
has been superseded in colloquial English by Kandahar.
It may be said to include the Helmand basin. Herat is,

broadly speaking, the basin of the Hari Bud
;
and Afghan

Turkestan includes the plains of Balkh and Badakshdn.
Chief Cities ,—The political and commercial activity of

Afghanistan centres about the three cities of Kabul,
Kandahar, and Herat, notices of which occur elsewhere
in the Ency, Brit, Of other well-known cities of
Afghanistan, Balkh (the mother of cities), and Ghazni are
cities of the past, Mazar-i-Sharif is a religious, and Tash-
kurghan a commercial centre for the Oxus provinces of
Afghan Turkestan. Maimana, Andkhui, Khanabad, and
Eaizabad are all places of note—walled towns, with local

commandants, or governors, and busy, well-filled bazaars.

There are, indeed, more widespread signs of general in-

dustrial activity in Afghan Turkestan than there are in
the Herat and Kandahar provinces of Southern Afghan-
istan, where wide spaces exist which do not include a
single town of importance. This is especially the case

towards the western frontier, where, however, such local

centres as Farah and Sabzawar, and such smaller industrial

communities as Adraskand, Kin, and many other frontier

villages, would undoubtedly develop into significance if

encouraged by a railway.

Independent Tribes.—Collaterally with Afghanistan the

political geography of that independent strip of territory

which intervenes between the Afghan frontier and British

India requires notice, for some of it formed part of the

Afghan Durani empire, together with a large portion of

the Punjab and Sind. It is only since 1896 that this

independent “buffer” territory has become a political

entity by the creation of the present Afghan boundary.

Whether it long survives beyond the red line of the

Punjab or not, assuredly it will never form part of

Afghanistan again.

From the central water-divide of the Hindu Kush there reaches

southwards a wide strip of mountainous country, formed by its

elevated and intricate spurs, to the borders of the Peshawur plain.

On the west this mountain district is bounded by Afghan-
istan

;
on the east it stretches beyond the Indus to the Khagan

valley and Kashmir. This great wilderness of mountains includes

the Chitral basin north of Arnawai; the valleys of Yasin, Kar-

ambar (or Ashkuman), and Hunza (the last known as Kanjut),

all forming part of the Gilgit basin
;
a considerable section of the

Indus valley, in which lie the forts of Chilas and Takot
;
together

with the peaks of Kohistan, Darel, and Tangir ; the valley of

Buner
;
the valleys of the Swat, Panjkora, Dir, Bajaor, and a

part of the Mohmand country. Some of these valleys are con-

nected by political ties with Kashmir; others are quite inde-

pendent (see Gilgit). It is nothing but a broad waste of mountains

intersected by narrow rock-bound valleys, and traversed by routes

which here and there are hardly distinguishable from the crudest

goat - tracks. The southern part of this region, so full of geo-

graphical surprises and thorny political problems, is usually

termed Yaghistan (the country of the independents) by the

frontier people, and throughout these southern tracts the domi-

nant race is that of the Afghan Yusufzai. Amongst this vast

array of minor ranges, all of them offshoots of the Hindu Kush,
the dividing ridge between the Gilgit drainage and the upper
Chitral and Panjkora basins, which is called Shandur, is per-

haps the most prominent feature. It shuts off Chitral from
its base at Gilgit by a barrier which is over 12,000 feet in alti-

tude. The alternative approach to Chitral from the south by
Dir leads to no altitude greater than 10,500 feet—the height of

the Lowarai pass leading from Dir to Kala Drosh. Yaghistan and
the Chitral and Kanjut mountains separate British India effectu-

ally from the highlands of the Pamirs. Across that independent

mountain waste no irruption into India has ever spread from the

north. It forms a barrier which is practically as effective as that

of Kafiristan on its western flank, and will continue to form a

barrier so long as the glacier-bound passes and byways of the

Hindu Kush are not improved into high-roads.

Immediately south of the Khaibar route the band of independ-

ent territory is continued by the Afridi uplands of the eastern

spurs of the Safed Koh. Then occurs the Kuram valley and the
irregular mountain belt occupied by the Shiah Turis and Jajis.

Here once more, as at Lundi IDiana, British India touches Afghan-
istan on the Peshawur spurs, the valley of the Kuram being held
by British levies. Hext there intervenes a rough independent
mountainous district drained by the Kaitu, between the Kuram
and Tochi, where again the British line of occupation penetrates
the frontier to the Afghan boundary. Beyond this, to the south,
lies the Switzerland of the frontier, Waziristan forming a
separate geographical and ethnographical division from the rest
of the frontier. From the Khaibar to the Gomul the character-

istics of the borderland are wide, flattish valleys, with compara-
tively gentle gradients filling in the open spaces between hills

which are gradually being lowered by processes of denudation.
There is little of that marked regularity of parallel flexures
which is the prevailing feature south of the Gomul.

Ethnography,—The term Afghan really applies to one
section only of the mixed conglomeration of nationalities

which forms the people of Afghanistan, but this is the
dominant section. The predominance of the Afghan in Af-

ghanistan dates from the middle of the 18th century, when
Ahmad Shah carved out Afghanistan from the previous

conquests of Nadir Shah, and called it the Durani empire.

The Afghans claim to be Ben-i-lsracl, and insist on their

descent from the tribes who were carried away captive from
Palestine to Media by Kebuchadnezzar. Yet they claim to be
Pukhtun (or Pathan) in common with all other Pushto-speaking
tribes, whom they do not admit to be Afghan. The bond of

affinity between the various peoples who compose the Pathan
community is simply the bond of a common language. All of

them recognize a common code or unwritten law called Pukhtun-
wali, which appears to be similar in geneial character to the old

Hebraic law, though modified by Mahommedan ordinances, and
strangely similar in certain particulars to Eajput custom.

Since their national independence the Afghans of Afghanistan
have styled themselves Durani, They are settled principally in

the Kandahar country, extending into Sistan and to the borders

of the Herat valley. Eastward they spread across the Afghan
border into the Toba highlands north oi the Khojak, where they
are represented by Achakzai and Sadozai clans. They exist in
the Kabul districts as Barakzai (the Amir’s clan), and as Mah-
mundzai (Mohmands) and Yusufzai they occupy the hills north
of the Kabul river, Bajaor, Swat, Buner, and part of the Peshawur
plains. All the newly-demarcated independent provinces north
of the Peshawur, and south of the Chitral and the Gilgit basin,

are peopled with Afghans who are thus outside the frontier of

Afghanistan.
After the Afghan the dominant people are the PukJitun, or

Fathans, who are represented by a variety of tribes, many of

which are recognized as being of Indian origin. These non-

Afghan Pathans occupy the hilly regions on the immediate
British frontier. The Afridi, Jowaki, and Orakzai clans hold the

highlands immediately south of the Khaibar and Pesbawur.
The Turis of the Kuram (of the Shiah persuasion), the Dawaris
of Tochi, and the Waziris of Waziristan fill up the intervening

Pathan hills north of the Gomul. In the Kohat district the Khat-
tak and Bangash clans are Pathan, so that Pathans are found on
both sides of the border. Pathans are probably the Pactyii or
Pactyae of Herodotus, who also mentions the Aprytae or Afridi.

In the utter absence of written history or of trustworthy genealogi-

cal evidence, the origin of most of the Pathan clans is likely ever

to remain a mystery. It is enough that we can trace their

existence in the regions they now occupy, or in contiguous

districts, from the days of Herodotus. The immediate connexion
of Britain with the Pathan of the Indian border makes him an
important item in frontier ethnograijliy ;

but he is not (within
the limits of Afghanistan) to be considered as a political factor

of anything like equal importance with the Ghilzai,

The GTvhlzm is reckoned a Pathan, and he is connected with
the Afghan ; but he is of an entirely distinct origin, and he only

claims ties of faith and affinity of language with other Afghan
peoples—he does not admit kinship. The popular theory

of the origin of the Ghilzai traces him to the Turkish tribo

of Kilji, once occupying districts bordering tbe upper course

of the Jexartes, and affirms that he was brought into Af-

ghanistan by the Turk Sahaktegin in the 10th century of our

era. However that may be, the Ghilzai clans now rank collec-

tively as second to none in strength of military and commercial

enterprise. They are a fine, manly race of people, and it is from

some of their most influential clans (Snliman Khel, Hash Khel,

Kharotis, &c.) that the main body of povindah merchants is

derived. These frontier commercial travellers trade between

Ghazni and the plains of India, bringing down their heavily-laden

khafilas at the commencement of the cold weather, and retiring
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to the hills again ere the sunimer heat sets in. Thousands^ of

them may be found during the winter months circulating

through the farthest districts of the peninsula, where it not

infrequently happens that they prove to be troublesome, if not

dangerous, visitors. The Pathan, however, who finds his way
across the sea to Australia is not of the Ghilzai tribe. He
usually belongs to the Kakur section of Pathans, who occupy a

large aistrict in Baluchistan. Ghilzai chiefs take a lead in the

politics of the country and possess much influence at the court

of Kabul.
Underlying the predominant Afghan and Ghilzai elements in

Afghan ethnography is the Tajik, representing the original

Persian possessor of the soil, who still speaks his mother tongue.

There are pure Persians in Afghanistan, such as the Kizzilbashes

of Kabul, and the Kaoshirwanis of Kharan
;
but the name Tajik

appears to he applied only to an admixture of original Arab and
Persian stock (such as the Dehwars), who are the slaves of the
community—^hewers of wood and drawers of water. Everywhere
the Tajiks are the cultivators in rural districts, and the shop-

keepers and clerks in the towns. The Tajik is as much the slave

of the Pathan iu Afghanistan as is the Hindki (whose origin is

similar) in the plains of the Indus. Yet the Tajik population
of the richly-cultivated districts north of Kabul proved them-
selves to be of good fighting material in the Afghan war of
1879-80, and the few Kizzilbashes that are to he found in the
ranks of the Indian army are good soldiers.

Next in importance to the Tajik is the Mongul Hasara, who
also speaks a dialect of Persian, and belongs to the Shiah sect of
Mahommedans. The Hazara are descendants of military colonists

introduced by Chenghiz Khan
;
they occupy all the highlands

of the upper Helmand valley, spreading through the country
between Kabul and Herat, as well as into a strip of territory on
the frontier slopes of the Hindu Kush north of Kabul. In the
western provinces they are known as the Chahar Aimak (Hazaras,
JTamshides, Taimanis, and Ferozkhois), and in other districts
they are distinguished by the name of the territory they occupy.
They are pure Monguls, intermixing with no other races (chiefly
for the reason that no other races will intermix with them),
preserving their language and their Mongul characteristics
uninfluenced by their surroundings, having absolutely displaced
the former occupants of the Hazarajat and Ghor. They make
good soldiers and excellent pioneers. The Amir’s companies of
engineers are recruited from the Hazaras, and they form perhaps
the most effective corps in his heterogeneous army.
In Afghan Turkestan we find the Taiik mixed with Turkish

races—the Usbak and Turkman. Much interesting literature
exists about the Turkman, the original Turk of Asia. By some
ethnographers he is associated with the red-skinned Rajput in
those early days when he was known to ancient geographers as
Skyth. Others see in Mm an offshoot from the same original
sources which developed the Teuton. He is at any rate non-
Mongolian, and the old race hatred between Turk and Mongul is
hardly less bitter now than it was in the days of Zahir-u-din
Mahommed, otherwise called Babar, the royal Turk adventurer
who founded that dynasty of Turkish emperors on the throne of
Delhi which has been known to posterity as “Moghul.” The
chief Turkman tribes left to Afghan rule are the Alieli of the
Daolatabad-Andkhui districts and the Ersari of the Khwaja
Salar section of the Oxus frontier. Originally robbers and raiders,
they are all of them now engaged in agricultural pursuits.
Horth of Kabul, in the Konistan "^at borders Kafiristan, are

certain races of mixed origin speaking Persian dialects, such as
the Himchas, Safis, &c., who fnnge round the central mountain
wilderness of Kafiristan, where are to be found secluded valleys

who speak dialects innumerable, and who were till lately inde-
peudent of Afghanistan. Remnants of the ancient Baktria,
flotsam and jetsam firom old Greek colonies, intermingled with
people of Mian origin forced upwards from the plains, are all
reraesented in the Kafiristan wildemess. The ethnography of
^finsten stiU requires elucidation. The well-known claim of
the Kafir to be considered as of Greek extraction is partially
supported by the late identification of a tribe of Kamdasli in
lower Bashgol with the ancient Nicffians of Arrian’s Mstory ; and
it seems probable that, with the progress of scientific investiga-
tion, recent theories of recognizable Greek elements in the popu-
lation of certain districts south of Kabul will be fully sustamed.

Hoads and Passes.—Omitting tke group of northern
rou^ to India from Central Asia, whicli pass between
Kashmir and Afghanistan through the defiles of Chitral^ of the Indus (see Hrumr Ktjsh), the highways of
Afghanistan may be classed nnder two heads

: (1) Foreign
trade routes, and (2) Internal communications.
Of the luany routes which cross the frontiers of Afghanistan

, ^ most important oommeKsially are those which connect the

Oxus regions and the Central Asian Khanates with Kabul, and
those which lead from Kabul, Ghazni, and Kandahar to the plains

of India. Kabul is linked with Afghan Turkestan and Badak-
shan by three main lines of communication across the Koh-i-Baba
and the Hindu Kush. One of these routes follows the Balkh river

to its head from Tashkurghan, and then, preserving a high general

level of8000 to 9000 feet, it passes over thewater-divides separating
the upper tributaries of the Kunduz river, and drops into the valley

formed by another tributary, at Bamian, From Bamian it passes

over the central mountain chain to Kabul cither by the well-

known passes of Irak (marking the water-divido of the Koli-i-Baba)

and of Unai (marking the summit of the Sanglakh, a branch of
the Hindu Kush), or else, turning eastwards, it crosses into the
Ghorband valley by the Shibar, a pass which is considerably
lower than the Irak and is very seldom snowbound. From the
foot of the Unai pass it follows the Kabul river, and from tlie

foot of the Shibar it follows the circuitous route wliieh is

offered by the drainage of the Ghorband valley, to Charikar, and
thence southwards to Kabul. The main points on this route are
Haibak, Bajgah, and Bamian. It is full of awkward grades and
minor passes, but it docs not maintain a high level generally, no
pass (if the Shibar route be adojjted) much exceeding 10,000
feet. That this has for centuries been regarded as the main
route northward from Kabul, tho Buddhist relies of Bamian and
Haibak bear silent witness , but it may be doubti'd whether the
Amir’s talent for roadmaking has not opened out blotter alter-

native lines. One of his roads connects Haibak with th<j

Ghorband valley by the Chahardar pass across the Hindu Kush.
The pass is high (nearly 14,000 feet), but tho road is excellently
well laid out, and the route, which, south of Haibak, traverses a
corner of the Ghori and Baghlan districts of Badakshau, is more
direct. A third route also passes through Badakshan, and con-
nects Kunduz with Charikar by the Khawak ])abs and Banjshir
river.

^

The latter joins the Gliorband close to Charikar. Tin*
Khawak (11,600 feet) is not a high pass; the grades are easy and
the snowfall usually light. This high road is stated (on Afghan
authority) to be kept open for khatila traliic all the year round
by the employment of forced labour for clearing snow. It is a
recently-developed route and one of great importance to Kabul,
both strategically and commercially. Routes })assing westwards
to the Afghan highlantls through the moiuitaiu barriers of the
frontier between Peshawur and^ the Gomul occur at intervals
along the western border, and in this northern section of the
north-west frontier they are all well marked. The Khaibar,
Kuram, and Tochi are the best known, inasmuch as all th(*st*

lines ot advance into Afghanistan are li(*ld by British troops or
Indian levies. But the lately-explored Bara valley route into
the heart of the Afridi Tirah is not to be altogether overlooked,
although it is not a trade route of any importance. The K/uttbar
route is described elsewhere. It should bo noted that it wa.s not
in ancient times the main route of advance from Kabul to
Peshawur. From Kabul the old route followed tho Kabul river
tMough the valley of Laghman (or Lamghan, as tho Afghans call
it) over a gentle water-parting into the Kunar valley, leaving
Hangrahar and Jalalabad to the south. From the Kunar it
crossed into Bajaor by one of several open and comparatively
easy passes, and from Bajaor descended into India either by the
Makkand or some other contiguous frontier gateway to the plains
of Peshawur. The Kuram route involves tho Peiwar and tho
Shutargardan passes (8600 and 10,800 f<‘et respectively) across
the southern extensions of the Safed Koh range, and has never
been a great trade route, however suitable as an alternative military
fine of advance. Although trade at present does not extend
largely between Afghanistan and India by the Tochi route, being
locally confined to the valley and the districts at its head, yet
this IS the shortest and most direct route between Ghazni and
^ j V palmy days of Ghazni raiding wa.s the
road by which the groat robber Mahmud occasionally descended
on to the Indus plains. Traces of his raiding and roadmakinc*
are still visible, but it is certain that he maefe use of the more
direct route to Peshawur far more frequently than he did of the

A? m
® nature^ of the connexion between the head of

lochi and the Ghazni plain is still unknown to us. The
haZf trade routebetween Afghamstan and India ; and the position, which has
lately been occupied by a British post at Wana, will do much toensure its continued popularity. The Gomul involves no passes

difficulty, although it is impossible to follow theactual course of the river on account of the narrow defiles which
conglomerate beds which flank

the Indus. It has been carefully surveyed for aP ssmle railway alignment
; and an excellent road now connects

ThfarJm
With Wana on the southern flank of WaziristamThe G^ul route is of immense importance, both as a commercial

strategic line and in both Vticulars of
significance than either the Kuram or tho Tochi
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Of the intorior lines of communication, those which connect the

great cities of Afghanistan, Herat, Kabul, and Kandahar are
obviously the most important. Between Kabul and Herat there
is no “royal” road, the existing route passing over the fre-
quently snowbound w^astes that lie below the southern flank
of the great Koh-i-Baba into the upper valleys of the Hari Bud
tributaries. It is a waste, elevated, desolate region that the
route tiavorses, and the road itself is only open at certain seasons
of the year. Between Kabul and Kandahar exists the well-knowm
and olt-traverscd route by Ghazni and Kalat-i-Ghilzai. There is
but oneinsignihcantwatei-parting—orkotal—a little to the north
of Ghazni

;
and the road, although unmade, may be considered

equal to any road of its length in Europe for military purposes.
Between Kandahar and Herat there is the recognized trade route
which crosses the Helmand at Girishk and passes through Farah
and Sabzawar. It includes about 360 miles of easy road, with
spaces where water is scarce. There is not a pass of any great
importance, nor a river of any groat difficulty, to be encountered
from end to end, but the route is flanked on the north between
Kandahar and Girishk by the Zamindawar hills, containing themost
truculent and fanatical clans of all tlie Southern Afgh in tribes.
Little need be said of the 65 miles of route between Kandahar
and the Baluchistan frontier at New Chaman. It is on the whole
a route across open plains and hard, stony “dasht”—a route
which would offer no great difficulties to that railway extension
from. Chaman which has so long been contemplated. A very
considerable trade now passes along this route to India, in spite
of the almost i)rohibitive imposts of the Amir

; but the trade
does not follow the railway from New Chaman to the eastern foot
of the Khojak. This part of the line is officially “boycotted”
by the court at Kabul, and long strings of camels may still be
seen from the train windows patiently treading their slow way
over the Khojak pass to Kila Abdullah, whilst the train alongside
them rapidly twists through the mountain tunnel into the Peshin
valley.

Statistics.—No trustworthy statistics exist showing
either present numbers or fluctuations in the population

of Afghanistan. Within the Amir’s dominions there are

probably from four to five millions of people, and of these

the vast majority are agriculturists.

The cultivators, including landowmerb, tenants, hired labourers,

and slaves, represent the w'orking population of the country, and
as industrious and successful agriculturists they are unsui passed
in Asia. They have carried the art of irrigation to great per-

fection, and they utilize every acre of profitable soil. Certain
Ghilzai clans are specially famous for their skill in the construc-

tion of the karez or underground water-channel. There are two
harvests in most parts of Afghanistan

;
the first (consisting of

cereals and some peas and beans) is reaped in summer, and the
second in autumn, when rice, millet, arzun (panicum halicum),

and Indian corn ripen. Vast quantities of fruit are grown and
exported to India from both Kabul and Kandahar. Assafoetida

is indigenous to the western districts and also forms a consider-

able item of export.

Tlie manufactures of the country have not developed much
during recent years. Postins (sheepskin clothing) and the many
varieties of camel and goat’s hair-cloth which, under the name
of “harak,” “karak,” &c., are manufactured in the northern

districts, are still the chief local products of that part of Afghan-
istan. Herat and Kandahar are famous for their silks, although
a large proportion of the manufactured silk found on the Herat
market, as well as many of the felts, carpets, and embroideries,

are brought from the Central Asian khanates. The district of

Herat produces many of the smaller sorts of carpets galichas”

or prayer-carpets), of excellent design and colour, the little town
of .Adraskand being especially famous for this industry ;

but they

are not to be compared with the best products of Eastern Persia

or of the Turkman districts about Panjdeh.

The nomadic Afghan tribes of the west are chiefly pastoral, and
the wool of the southern Herat and Kandahar provinces is famous

for its quality. In this direction, the late boundary settlements

have undoubtedly led to a considerable development of local

resources. A large quantity of wool, together with silk, dried

fruit, madder, and assafoetida, finds its way to India by the

Kandahar route.

It is impossible to give accurate trade statistics, there being

no trustworthy system of registration. The value of the imports

from Kabul to India in 1892-93 was estimated at 221,000 Rx (or

tens of rupees). In 1899 it was little over 217,000 Rx, the period

of lowest intermediate depression being in 1897. These imports

include horses, cattle, fruits, grain, wool, silk, hides, tobacco,

drugs, and provisions (ghi, &c.). All this trade emanates from

Kabul, there being no transit trade with Bokhara owing to the

heavy dues levied by the Amir. The value of the exports from

India to Kabul also shows great fluctuation. In the year 1892-3

it was registered at nearly 611,000 Rx. In 1894-5 it had sunk
to 274,000 Rx, and in 1899 it figured at 294,600 Rx. The chief
items are cotton goods, sugar, and tea. In 1898-99 the imports
from Kandahar to India weie valued at 330,000 Rx, and the ex-
ports from India to Kandahar at about 264,000 Rx. Thrce-
lourths of the exports consist of cotton goods, and three-eighths
of the imports were raw wool. The balance of the imports w^as

chiefly made up of diied fruits. Comparison wdth trade statistics

of pievions years on this side Afghanistan is difficult, owdng
to the inclusion of a large section of Baluchistan and Persia
wdthin the official “Kandahar” returns; but it does not appear
that the value of the Western Afghanistan trade is much on the
increase. Tiie opening up of the route between Quetta and
Sistaii has doubtless aflected a trade which was already seriously
hampered by the Amir’s short-sighted restrictions.

The Government of Afghanistan is monarchical, and succes-
sion to the thione is hei editary. There aie five chief political

divisions in the country— namely, Kabul, Turkestan, Herat,
Kandahar, and Badakshan, each ot which is ruled by a “naib”
or governor, who is directly responsible to the Amir Under the
governors of provinces the nobles and kazis (or district judges)
dispense justice much in the feudal fashion. Apart from the
universal system of bribery and spoliation to which they give rise,

feudal methods aie more popular (and possibly more elfective

with a people like the Afghans) than high courts and the slow^

machinery of civil law would be. Swift even-handed justice is hy
no means rare in Afghanistan,
The Afghan army probably numbers nearly 50,000, distributed

between the military centres of Herat, Kandahar, Kabul,
Mazar-i-Sliarif, Jalalabad, and Asmar, with detachments at

frontier outposts on the side of India. The Amii’s factories at

Kabul for arms and ammunition are said to turn out about
20,000 cartridges and 15 rifles daily, with 2 guns perweek ; but it

is probable that means are available for the acquisition of other
military equipment than that manufactured in the country.

Financially, Afghanistan has never, since it first became a
kingdom, been able to pay for its own government, public works,
and army. There appears to be no inherent reason w'hy this

should be so. Whilst it can never (in the absence of any great
mineral wealth) develop into a wealthy country, it can at least

support its own population
;
and it w^oiild, but for the short-

sighted trade policy of the Amir, certainly have risen, during
the last twenty years of peace, to a position of respectable
solvency. Its revenues (about 'which no trustwoithy informa-
tion is available) are subject to gicat fluctuations, and probably
never exceed the value of one million sterling pir annum. They
fell in Slier Ali’s time to £700,000. The oiiginal subsidy to the

Amir from the Indian Government W'as fixed at 120,000 Rx per
annum, but in 1893 in connexion with the boundary settlement
it was increased to 180,000 Rx.
The religion of the country throughout is !Mahonimedan. Next

to Turkey, Afghanistan is the most powerful Mahommedan
kingdom in existence. The vast majority of Afghans are of the

Sunm sect
;
but there are, in their midst, such powerful com-

munities of Shiahs as the Hazaras of the central districts, the

Kizzilbashes of Kabul, and the Toris, or Turis, of the Kuram
border, nor is there between them that bitterness of sectarian

animosity which is so marked a feature in India, The Kafirs of

the mountainous region of Kafiristan alone are non-Maliommedan.
They are sunk in a paganism which seems to embrace some faint

reflexion of Greek mythology, Zoroastrian principles, and the

tenets of Buddhism, originally gathered, no doubt, from tlie varied

elements of their mixed extraction. Those contiguous Afghan
tribes once included in Kafiristan, who have not so long ago been
converted to the faith of Islam, are naturally the most fanatical

and the most virulent upholders of the faith around them. In
and about the centre of civilization at Kabul, instances of

Ghazidom are comparatively rare. In the western provinces

about Kandahar (amongst the Durani or true Afghans—the

people who specially claim to be Ben-i-Israel), and especially in

Zammdawai, the spirit of fanaticism runs high, and every other

Afghan is a possible Ghazi—a man who has devoted his life to the

extinction of other creeds.

Education is confined to most elementary principles in Afghan-
istan. Of schools or colleges for the purposes of a higher

education befitted to the sons of noblemen and the more wealthy
merchants, there is absolutely none ; but the village school is

an ever-present and very open spectacle to the passer-by.
_

Here
the younger boys are collected and instructed in the rudiments

of reading, writing, and religious creed hy the village mulla, or

priest, who thereby acquires an early influence over the Afghan
mind. The method of teaching is confined to that wearisome

system of loud-voiced repetition which is so annoying a feature

in Indian schools
;
and the Koran is, of course, the text-book in

all forms of education. Every Afghan gentleman can read and

speak Persian, which is the language of the court, and which is,

indeed, more often heard in Kabul than Pushtu ; hut beyond this
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a-quircment (to 'which must certainly ba

sAes of good manners) education seems to be limited to tb-

physical dfvelopnicnt of the youth ^>7

ship and feats of skill Such advanced education as e^sts ‘n

Afghanistan is centred in the priests and physicians ,
but tho

'^AurHOMTlE^^mo^AfglTamsSa^sbeenm
no comprehensive account of the country has •

Apart irom the survey reports and gazetteers of the Indian

Government, the foUowing are the chief recent sources of im

formation KaVE. Eistory of t!u War m Afg!ux,mstan, 1^8.

MiLLESOS. Eistory of Afghamstan. London, if«•— w- t"-

Simpson. “Jalalabad Eogion,

Dr H W. Bdllew. Afghamstan ana the Afghans. Lionaon,

1879;* ^'Tlie Etlinography of Afghanistan," Asiahe Qmrterly

Sevim, Oct. 1&91.—Major Holpioh. “ Geographical Results of

the Afghan Campaign,” E.G 8. Pros., vol. i. If HeNsman.

The Afghani War. London, 1881.— Major W. Bkoapfoot.

“Reports on Part of the Ghilzai Country,” supplementary paper,

B. G.S. ,
voL i. Part III. 1885.—C. L. Griesbaoh. Afglmn and

Persian Field Notes,” Geol. Swrvey of India, vol xix. Part 1.

1886 ;
Field Kotes from Afghamstan," Geol. Survey of Iwiaf

vol. ix. Part lY. 1886.—Captain A. C. Yate. England

Eiossia face to face in As%a. Edinburgh, 1887.—Major C. E.

Yate. Northern Afghamstan. Edinburgh, 1888.—Maitland

and Talbot. Journeys in Afghanistan," It. G.S. Proc., vol. ix.

1S87—W, L. Dallas. “The Climatology of Afghanistan,

J.U.S. India, vol. xx. 1891. — Oldham. “Evohition of

Indian Geography," Geog. Journ., vol. iii. 1S94.—Major H.

Raveett. “The Independent Afghan and Pathan Tribes,

Asiatic Quarterly Review, vol. vii. 1894.—Dr Gray. At the

Cov/ri of the Amir. London, 1895.—Hon. G. H. CuRZON.
^

A
Recent Journey in Afghanistan," P.R.L 14, 1896. Sir G.

Robertson. The Kafr of the Hindu Kush. London, 1896.

—

Sir T. Holdich. “ The Origin of the Kafir of the Hindu Kubh,"

'Geog. Journal, vol. vii. 1896. (t. H. H."^)

Recent Histoky.

In following the history of the course of affairs

in Afghanistan during the 19th century, it should be

Ssddozais remembered that the Saddozais and B§.rakzais

and Barak- are two branches of the Durani tribe, which was
zais. raised to dominant power by its chief, Ahmed
Khan, the founder of an Afghan kingdom under the Sad-

dozai dynasty towards the end of the 18th century. His

descendants had ruled, amid many vicissitudes, at Kabul,

until in 1818 the assassination by the reigning Amir of

his powerful minister, Fatteh Khan B^rakzai, led to a

revolt headed by the Bi.rakzai family, which ended in the

Sbab expulsion of the Saddozai Shah Shujah, and the

sbuiab and establishment at Kabul of Dost Mahommed,
DosiMa- Fatteh Khan’s son; while Shah Shuj’ah took
Mommed. in the Punjab. By this time the political

situation of Afghanistan had become materially affected by
the consolidation of a formidable military dominion on its

eastern frontier in the Punjab, under Ranjit Singh and his

Sikh army. Ranjit Singh took advantage of the distracted

condition of Afghanistan to seize Kashmir, and in 1823
he defeated the Afghans in a battle which gave him the
suzerainty of the Peshawar province on the right bank of

the Indus, though an Afghan chief was left to administer

it. Ten years later Shah Shujah, the exiled Saddozai Amir,
made a futile attempt to recover his kingdom. He was
•defeated by Dost Mahommed, when Ranjit Singh turned
the confusion to his own account by seizing Peshawar and
driving the Afghans back into their mountains.
At this point begins the continual interference of Eng-

land and Russia in the affairs of Afghanistan, which has ever

iaierfer- exercxsed a dominant influence upon all

enca of subsequent events and transactions. It has
European not only transformed the situation of the ruling
Powers. Lut has also profoundly affected the
Asiatic policy of the two European Giovemments. Shah
Shujah’s enterprise in 1833 had been supported by the
co-operatiou of Ranjit Singh, and encouraged by the
Briti^ Viceroy, Lord W. Bentinck. Although the ex-
^pedition failed, the result was to excite jealousy of the

British designs; and the Russian envoy at Tehran iiisti

gated the Shah of Persia to attack Herat, the important

frontier fortress of north-western Afghanistan, which was

then in the possession of an independent chief. In 1^37,

in spite of remonstrances from the British representative

at Tehran, a Persian army besieged the city, but the

appearance of British troops on the southern coast of

Persia compelled the Persians to withdraw from Herat in

1838. The rivalry between England and Russia was now

openly declared, so that each movement from one side

was followed by a counter move on the Afghan chess

board from the other side. The P>ritibh ministry had

been seriously alarmed at the ma(‘hinations of Russia and

the attitude of Dost Mahommed at Kabul ;
and it was

determined that the most effective means of securing their

own interests within the country would be by assisting »Shah

Shujah to recover his sovereignty. A tripartite treaty

was made between Ranjit Singh, the 13ritibli Governor-

General of India, and Shah Shujah; and a liritlsh

army marched up the Bolan Pass to Kuidahar, occupied

that city, pushed on northwards to CJhazni, which was

taken by assault, and entered Kabul in 1839. As Do.st

Mahommed had fled across the northern mountains, 8hah

Shujah was proclaimed king in his stead.

But this ill-planned and hazardous enterprise was
t frauc-ht with the elements of inevitable failure. A rulerfraught with the elements of inevitable failure. A ruler

imposed upon a free people by foreign arms is BtiUsh
always unpopular

;
he is unable to stand alone

; poUcy in

and his foreign auxiliaries soon find themselvc.s Atyfhan^

obliged to choose between remaining to uphold
^

his power, or retiring with the probability that it will

fall after their departure. The leading chiefs of Afghan-

istan perceived that the maintenance of Bhah Khujalfs

rule by British troops would soon bo fatal to their own
power and position in the country, and probably to

their national independence. They ivere insatiable* in

their demands for office and emolumenl, and when
they discovered that the Shah, acting by tho advice of

the British envoy, was levying from among their tribes-

men regiments to be directly under his control, tlu*y took

care that the plan should fail. Without a regular revenue

no effective administration could be organized; bat the

attempt to raise taxes showed that it might raise tlie

people
;
so that for both men and money the Shah’s govern-

ment was still obliged to rely principally ui>an British ai<l.

All these circumstances combined to render the new regime

weak and unpopular ;
since there was no force at the ruler’s

command except foreign troops to i)Ut down disorder or

to protect those who submitted; while the discontented

nobles fomented disaffection and the inbred hatred of

strangers in race and religion, among the general Afghan
population. The result was that after two years’ occupa-

tion of the country, in the vain hope of establishing a
national government under Shah Shujah, the British

found their own situation untenable; for the fierce and
warlike tribes broke out into incessant revolt, until a
serious insurrection at Kabul in the winter of 1841-42
compelled the British army to make an ignominious and
disastrous retreat. The whole force was lost on the road
between Kabul and Jalalabad

; but Jalalabad was success-

fully defended by its British garrison, and General Nott
held out at Kandahar until General Pollock’s temporary
re-occupation of Kabul in 1842 restored in some degree
the military reputation of Great Britain. The British

I troops then completely evacuated the country. Dost
Mahommed, who had been a state prisoner in India, was
replaced on the Kabul throne; and the policy of inter-
vention in Afghan aflEairs was suspended for nearly forty
years.

It has been said that the declared object of this policy
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had been to maintain the independence and integrity of

A roach
seciire the friendly alliance of

iow^rds ruler, and thus to interpose a great barrier

Afghan- of mountainous country between the expanding
istan of power of Russia in Central Asia and the British

Bn^ianT^ dominion in India. After 1849, when the
annexation of the Punjab had carried the Indian

north-western frontier up to the skirts of the Afghan high-
lands, the corresponding advance of the Russians south-east-

ward along the Oxus river became of closer interest to

the British, particularly when, in 1856, the Persians again
attempted to take possession of Herat. Dost Mahommed
now became the British ally, but on his death in 1863 the
kingdom fell back into civil war, until his son Sher Ali
had won his way to undisputed riilership in 1868. In the

same year Bokhara became a dependency of Russia. To
the British Government an attitude of non-intervention

in Afghan affairs appeared in this situation to be no
longer possible. A meeting between the Amir Sher Ali
and the Viceroy of India (Lord Mayo) at Umballa in 1869
drew nearer the relations between the two govei*nments

;
the

Amir consolidated and began to centralize his power
;
and

the establishment of a strong, friendly, and united Afghan-
istan became again the keynote of British policy beyond
the north-western frontier of India.

When, therefore, the conquest of Khiva in 1873 by the

Russians, and their gradual approach towards the Amir’s

^
northern border, had seriously alarmed Sher Ali,

meat of
* applied for support to the British

;
and his

Sher Ali disappointment at his failure to obtain distinct
from the pledges of material assistance, and at Great
British,

Britain’s refusal to endorse all his claims in a

dispute with Persia over Seistan, so far estranged him from
the British connexion that he began to entertain amicable

overtures from the Russian authorities at Tashkend. In

1869 the Russian Government had assured Lord Clarendon

that they regarded Afghanistan as completely outside the

sphere of their inffuence; and in 1872 the boundary line

of Afghanistan on the north-west had been settled between

England and Russia so far eastward as Lake Victoria.

Nevertheless the correspondence between Kabul and Tash-

kend continued, and as the Russians were now extending

their dominion over all the region beyond Afghanistan on
the north-west, the British Government determined, in

1 87 6, once more to undertake active measures for securing
|

their political ascendancy in that country. But the Amir, !

whose feelings of resentment had by no means abated, was
now leaning toward Russia, though he mainly desired to

hold the balance between two equally formidable rivals.

The result of overtures made to him from India was that

in 1877, when Loid Lytton, acting under direct instruc-

tions from Her Majesty’s ministry, proposed to Sher Ali a

treaty of alliance, Sher Ali showed himself very little dis-

posed to welcome the offer
;
and upon his refusal to admit

n. British agent into Afghanistan the negotiations finally

broke down.

In the course of the following year (1878) the Russian

Government, to counteract the interference of England

British ex’
advance upon Constantinople, sent

pedition, an envoy to Kabul empowered to make a
1878- 79. treaty with the Amir. It was immediately

notified to him from India that a British mission would

be deputed to his capital, but he demurred to receiv-

ing it; and when the British envoy was turned back

on the Afghan frontier hostilities were proclaimed by
the Viceroy in November 1878, and the second Afghan war

began. Sir Donald Stewart’s force, marching up through

Baluchistan by the Bolan Pass, entered Kandahar with

little or no resistance ; while another army passed through

the Khyber Patss, and took up positions at Jalalabad and

other places on the direct road to Kabul. Another force

under Sir Frederick Roberts marched up to the high passes
leading out of Kuram into the interior of Afghanistan,
defeated the Amir’s troops at the Paiwar Kotal, and seized

the Shutargardan Pass which commands a direct route to
Kabul through the Logar valley. The Amir Sher Ali fled

from his capital into the northern province, where he died
at Maz^r-i-Sherif in February 1879. In the course of the
next six months there was much desultory skirmishing
between the tribes and the British troops, who defeated

various attempts to dislodge them from the positions that

had been taken up; but the sphere of Biitish military

operations was not materially extended. It was seen that

the farther they advanced the more difficult would become
their eventual retirement

;
and the problem was to find a

successor to Sher Ali who could and would make terms
with the British Government.

In the meantime Yakub Khan, one of Sher Ali’s sons,

had announced to Major Cavagnari, the political agent at

the headquarters of the British army, that he had
succeeded his father at Kabul. The negotia-

tions that followed ended in the conclusion

of a treaty in May 1879, by which Yakub Khan
was recognized as Amir

;
certain outlying tracts of

Afghanistan were transferred to the British Government

;

the Amir placed in their hands the entire control of his

foreign relations, receiving in return a guarantee against

foreign aggression; and the establishment of a British

envoy at Kabul was at last conceded. By this convention

the complete success of the British political and military

operations seemed to have been attained
;
for whereas Sher

Ali had made a treaty of alliance with, and had received an
embassy from Russia, his son had now made an exclusive

treaty with the British Government, and had agreed that

a British envoy should reside permanently at crava^aari
his court. Yet it was just this final concession, murdered
the chief and original object of British policy, «««? ^he war

that proved speedily fatal to the whole settle-

ment. For in September the envoy. Sir Louis Cavagnari,

with his staff and escort, w’as massacred at Kabul, and
the entire fabric of a friendly alliance went to pieces. A
fresh expedition was instantly despatched across the

Shutargardan Pass under Sir Frederick Roberts, who de-

feated the Afghans at Charasia near Kabul, and entered

the city in October. Yakub Khan, who had surrendered,

was sent to India
;
and the British army remained in

military occupation of the district round Kabul until in

December (1879) its communications with India were in-

terrupted, and its position at the capital placed in serious

jeopardy, by a general rising of the tribes. After they

had been repulsed and put down, not without some hard

fighting. Sir Donald Stewart, w’ho had not quitted Kan-
dahar, brought a force up by Ghazni to Kabul, overcoming

some resistance on his way, and assumed the sujpreme

command. Nevertheless the political situation was still

embarrassing, for as the whole country beyond the range

of British effective military control was masterless, it

was undesirable to withdraw the troops before a govern-

ment could be reconstructed which could stand without

foreign support, and with which diplomatic relations of

some kind might be arranged. The general position and
prospect of political affairs in Afghanistan bore, indeed, an

instructive resemblance to the situation just forty years

earlier, in 1840, with the important differences that the

Punjab and Sinde had since become British, and that

cdmmunications between Kabul and India were this time

secure.

Abdurrahman, the son of the late Amir Sher Ali’s elder

,
brother, had fought against Sher Ali in the war for sucn

I
cession to Dost Mahommed, had been driven beyond the
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Oxus, and had lived for ten years in exile with the

llussians. In March 1880 he came back across the

Abd h river, and began to establish himself in the
*

northern province of Afghanistan. The Viceroy

comes of India, Lord Lytton, on hearing of his re-

Amir*
appearance, instructed the political authorities

at Kabul to communicate with him. By skilful negotia-

tions a meeting was arranged, and after pressing in vain

for a treaty he was induced to assume charge of the

country upon his recognition by the British as Amir, with

the understanding that he should have no relations with

other foreign powers, and with a formal assurance from

the Viceroy of protection from foreign aggression, so long

as he should unreservedly follow the advice of the British

Government in regard to his external affairs. ^The province

of Kandahar was severed from the Kabul dominion
;
and

the Sirdar Sher Ali Khan, a member of the Barakzai famly,

was installed by the British representative as its inde-

pendent ruler.

For the second time in the course of this war a con-

clusive settlement of Afghan affairs seemed now to have

been attained; and again, as in 1879, it was
AyubKban immediately dissolved. In July 1880, a few

rabman“^ days after the proclamation of Abdurrahman

as Amir at Kabul, came news that Ayub
Khan, Sher Ali’s younger son, who had been holding

Herat since his father’s death, had marched upon Kan-

dahar, had utterly defeated at Maiwand a British force

that went out from Kandahar to oppose him, and was

besieging that city. Sir Frederick Roberts at once set out

from Kabul with 10,000 men to its relief, reached Kan-

dahar after a rapid march of 313 miles, attacked and

routed Ayub Khan’s army on 1st September, and restored

British authority in southern Afghanistan. As the British

ministry had resolved to evacuate Kandahar, Sher Ali

Khan, who saw that he could not stand alone, resigned

and withdrew to India, and the Amir Abdurrahman was

invited to take possession of the province. But when
Ayub Khan, who had meanwhile retreated to Herat, heard

that the British forces had retired, early in 1881, to India,

he mustered a fresh army and again approached Kandahar.

In June the fort of Girisk, on the Helmund, was seized by
his adherents

;
the Amir’s troops were defeated some days

later in an engagement, and Ayub Khan took possession

of Kandahar at the end of July. The Amir Abdurrahman,
whose movements had hitherto been slow and uncertain,now
acted with vigour and decision. He marched rapidly from

Kabul at the head of a force, with which he encountered

Ayub Khan under the walls of Kandahar, and routed his

army on 22nd September, taking all his guns and equipage.

Ayub Khan fled toward Herat, but as the place had mean-
wldle been occupied by one of the Amir’s generals he took

refuge in Persia. By this victory Abdurrahman’s ruler-

ship was established.

In 1884 it was determined to resume the demarcation,

by a joint commission of British and Russian oflScers, of

the northern boundary of Afghanistan, The work went
on with much difficulty and contention, until in March
1885, when the Amir was at Rawalpindi for a conference

with the Viceroy of India, Lord Dufferin, the news came
tjiiat at Panjdeh, a disputed place on the boundary held by
the Afghans, the Russians had attacked and driven out

with some loss the Amir’s troops. For the moment the

consequences seemed likely to be serious
;
but the affair was

arranged diplomatically, and the demarcation proceeded

up to a point near the Oxus river, beyond which the

Commission were unable to settle an agreement.

During the ten years following his accession in 1880
Abdurrahman employed himself in extending and con-

solidating his dominion over the whole country. Some

local revolts among the tribes were rigorously suppressed

;

and two attempts to upset his rulership— the first by

Ayub Khan, who entered Afghanistan from

Persia, the second and more dangerous one by jjjan>s

Ishak Khan, the Amir’s cousin, w^ho rebelled system of

against him in Afglian Turkestan— wore de- sovem-

feated. By 1891 the Amir had enforced
'

his supreme authority throughout Afghanistan more

completely than any of his predecessors. In 1895 the

Amir’s troops entered Kafiristan, a wild mountainous

tract on the north-east, inhabited by a peculiar race that

had hitherto defied all efforts to subjugate them—and

they have since been gradually reduced to submission.

Meanwhile the delimitation of his northern frontier, up to

the point where it meets Chinese territory on the cast,

has been completed and fixed by arrangements between

the Governments of Russia and Great Britain
;
and the

eastern border of the Afghan territory, towards India, has

also been mapped out and })artially laid down, in accord-

ance with a convention between the two Governments.

The Amir not only received a laige annual subsidy of

money from the British Governmemt, but he also obtained

considerable supplies of war material; and he moreover

availed himself very freely of facilities that were given

him for the importation at his own cost of arms through

India. With these resources, and with the advantage

of an assurance from the British Government that he
would be aided against foreign aggression, he was able

to establish an absolute military despotism inside his

kingdom, by breaking down the power of the warlike

tribes which held in check, up to his time, the personal

autocracy of the Kabul rulers, and by organizing a

regular army well furnished with European rifles and
artillery. Taxation of all kinds was heavily increased,

and systematically collected. The result was that whereas
in former times the forces of an Afghan ruler consisted

mainly of a militia, furnished by the chiefs of tribes

who held land on condition of military service, and
who stoutly resisted any attempt to commute this ser-

vice for money payment, the Amir had at his command
a large standing army, and disposed of a substantial

revenue paid direct to his treasury. Abdurrahman
executed or exiled all those w^hose political influence

he saw reason to fear, or of whose disaffection he had the
slightest suspicion

;
his administration w^as severe and his

punishments were cruel; but undoubtedly he put down
disorder, stopped the petty tyranny of local chiefs, and
brought violent crime under some effective control in the
districts. Travelling by the high roads is now com-
paratively safe

;
although it must be added that the ex-

cessive exactions of dues and customs have very seriously

damaged the external trade. In short, Abdurrahman’s
reign produced an important political revolution, or
reformation, in Afghanistan, which has risen from the
condition of a country distracted by chronic civil wars,
under rulers whose authority depended upon their power
to^ hold down or conciliate fierce and semi-independent
tribes in the outlying parts of the dominion, to the rank
of a formidable military state governed autocratically.
How long such a system will outlast the death of its

founder in 1901, in the hands of his successor HabibuUa,
has yet to be seen

;
for in Asia a centralized administra-

tion and a standing army are institutions which depend
for their maintenance entirely on the ruler’s personal
courage and capacity. Up to Abdurrahman’s reign the
strength of the Afghan nation lay in its warlike character,
in the readiness of the tribes to combine for opposing
aad harassing an invader, and in the local independence
of powerful clans or chiefs. How that the power of the
chiefs has been levelled dovTi, and the fighting strength
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of the tribal groups has been dislocated, the defeat or

mutiny of the regular forces may lead to widespread con-

fusion ill Afghanistan.

The extent of the territories subject to the rulers of

Afghanistan has varied from time to time with political

f^ban
vicissitudes. Abdurrahman governed a king-

tiibfson dom strictly delimited between the possessions

Indian or dependencies of Eussia, Persia, and India,
frontier, should be mentioned, however, that the geo-

graphical boundaries of Afghanistan would include on

the eastward all the highlands down to the skirts of the

mountains that slope towards the Indian plains
;
for up

to this line, and indeed beyond, the language, habits,

and general character of the people are identical. But

the frontier laid down in 1894 to mark the eastern limit

of the Amir’s jurisdiction, cut off from it a zone of tribal

territory that had previously been for the most part under

the nominal suzerainty of Kabul; though in reality it I

has always been a debateable land held by unruly and

independent tribes. The zone thus interposed between

British India and the Afghan rulership may be roughly

described as stretching from the southern border of the

Chitral state, along the whole north-western frontier of

India southwards to the confines of Baluchistan. It is

traversed by all the passes that lead out of the Afghan

mountains into India
;

it is occupied at several points by
British garrisons or levies in British pay

;
and it is in-

habited by fierce, free, and warlike tribes, whose annals,

so far as they have any, belong to the general history of

the Afghan people. From time immemorial they have

held the valleys and high ranges which overhang the main

routes towards the low country
;
they have taken part in

the incessant border wars and the great invasions of India,

admitting allegiance to be due from them, as from all

Afghans, to the chief ruler of their race, but acknowledg-

ing no master. Since 1849 the protection of the Indian

borderland has necessitated sending into these hills fre-

quent military expeditions, which have twice entangled the

British in serious and prolonged fighting. In 1863 the

obstinate resistance made by the tribes to a large British

force sent into their country was not overcome without great

exertions; and in 1897-98 an insurrection of the tribes in

the Swat valley was followed by a general rising of the

Afridis, who destroyed a post of British levies in the

Khyber Pass, and were only brought to terms after an
arduous and harassing campaign. Since 1894, uhen the

Amir of Kabul renounced ^1 claim to juiisdiction over

this region, the tribes of the outer hills and valleys on the

Indian border have been gradually brought under the

superintendence of the British Government by the location

of posts inside their country, by enrolling tribal levies,

and by other methods for strengthening control. Yet the

management of these intractable and fanatic highlanders

is still by far the most troublesome of the political and
military difficulties that confront the Government along

the whole external frontier of the Indian Empire.

Eawlinson. England and Eussia in the East^ 1875.—Sir H. M.
Durand.—The First Afghan War, 1879 —Wvi lie’s Essays on
the Ext&rnal Policy of India, 1875.—Lady Betiy Balfouu. Lotd
Lytton's Indian Administration, 1899.

—

Elphinstone. Account of
the Kingdom ofKabul, 1809 .—Parliamentary Papci s, “ Afglianistan.’*

—Lord CuRZON. Problems of the Far East, 1894. (a. C. L.)

Afiun Kara-Hissa.r, the popular name of Kara-

hissar Sihib, an important trade centre in Asia Minor, in

the Brilsa vilayet. Called I^ieopolis by Leo III. after his

victory over the Arabs, in 740, its name was changed by
the Seljfik Turks to Kara-hissar, “'black castle.” The
town is in the centre of the opium, afidn, district, and is

connected by railway with Smyrna, Konia, Angora, and
Constantinople. Population, 18,000 (Moslems, 13,000

;

Christians, 5000).

A'Fra.g'Ola, a town in the province of Naples,

Campania, Italy, 5 miles from Naples. It is on the

steam tramway from Naples to Caivano. The principal

industries are in straw hats, wine, and the manufacture

of wooden articles of all sorts. There is a great annual

fair on the second Sunday in May. Population about

20
,
000 .

AIEICA.
L Physical Geogeaphy.

AFEICA, the largest of the three great southward pro-

jections from the main mass of the earth’s surface,

includes within its remarkably regular outline an
area, according to the most recent computations,

of 1 1, 280,000 square miles, excluding the islands.

Its main structural lines show both the east-to-west direc-

tion characteristic, at least in the eastern hemisphere, of

the more northern parts of the world, and the north-to-

south direction seen in the southern peninsulas. The
continent is thus composed of two segments at right

angles, the northern running from east to west, the

southern from north to south, the subordinate lines cor-

responding in the main to these two directions.

Except quite in the north, the most striking feature

in African geology is the great age of the fundamental
structures and the absence of signs of recent

stmeture, of the crust leading to the elevation

of folded mountain ranges. Both in the east

and west of the meridional portion of the continent a
broad zone parallel to the coast-line is composed mainly
of ancient crystalline rocks (some of these showing signs

of folding), on the flanks ,pf which rocks of palaeozoic

age still remain in the position in which they were first

deposited. In the east a band of gneissose and schistose

rocks, supposed to represent the primitive axis of the
continent, has been traced at intervals for over half its

length. Parallel with this and farther inland run broader
belts of ancient rocks, forming in places wide granitic

domes. In the west an almost continuous band of

crystalline rocks— chiefly schists of varying character

—

accompanies the whole coast-line of the southern segment,

as well as a large part of the southern margin of the
western limb. Finally in the centre of the continent,

near the meeting-line of the two segments, these ancient

rocks seem to occur in hues intermediate between the

two main directions. The wide basin between the eastern

and western crystaBine belts seems to be occupied largely

by sedimentary strata, among which horizontaUy-bedded

sandstones figure largely. Owing to the imperfection of

the data, and in many cases to the absence of fossils, the

age of the strata cannot yet be determined; but apart

from recent fluviatile and subaerial deposits, they seem to

belong chiefly to the palaeozoic or older mesozoic periods.

Along the eastern main axis the crystalline rocks are

largely overlaid with sheets of volcanic rocks, while numer-
ous volcanoes, some long since extinct, some partially

active, have thrust up piles of matter above them.

In Northern Africa the whole geologic structure dates

from much more recent times. The most important

feature here is the existence of a folded mountain range
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of comparatively recent date, wMch runs from east to west

parallel to the northern coast. This range—the Atlas-

North and l>elongs to the European system both in its

South direction and in its constituent formations.

Africa* Archasan rocks play quite a subordinate part,

while a regular series of stratified formations, from palaeo-

zoic to tertiary, most of which have equally experienced

the effects of folding, constitute the greater part of the

range. Of these the mesozoic—^particularly the cretaceous

—cover the largest area, while tertiary strata occur chiefly

in narrow bands near the coast. The eastern half of North
^

Africa contains large expanses both of tertiary formations

and of cretaceous. The extreme south of the continent is

marked by the large extent of mesozoic formations (trias,

(fee.), in addition to older rocks.

The mean elevation of Africa has been variously esti-

mated at from 1963 feet (Heiderich) to 3133 (Wagner),

and may thus be considered to approximate
® ®

* closely to 2000 feet, which is roughly the eleva-

tion of both North and South America, but is considerably

less than that of Asia (3117 feet). In contrast with the

other continents it is marked by the comparatively small

area both of very high and of very low ground, lowlands

under 600 feet occupying an unusually small part of the

surface
;
while not only are the highest elevations inferior

to those of Asia and South America, but the area of land,

over 10,000 feet, is also quite insignificant, being repre-

sented almost entirely by individual peaks and mountain

ranges. ^Moderately elevated tablelands are thus the

characteristic feature of the continent, though the surface

of these is broken by higher peaks and ridges. As a

general rule, the greater elevations lie to the east and
south, while a progressive diminution in altitude towards

the west and north is observable. Apart from the low-

lands and the Atlas range, the continent may be divided

into two regions of higher and lower plateaux, the

dividing line (somewhat concave to the north-west) running

from the middle of the Eed Sea to about 6® S. on the

west coast. We thus obtain the following four main
divisions of the continent :—(1) The coastal plains—often

fringed seawards by mangrove swamps—^never stretching

far from the coast, except on the lower courses of streams.

Eecent alluvial fl.dts are found chiefly in the delta of the

more important rivers. Elsewhere the coast lowlands

merely form the lowest steps of the system of terraces

which constitutes the ascent to the inner plateaux. (2)
The Atlas range, which, orographically as geologically, is

distinct from the rest of the continent, being unconnected
with any other area of high ground, but divided off on the

south by a depressed area in places below sea-level, (3)
The high southern and eastern plateaux, rarely falling

below a height of 2000 feet, and having a mean elevation

of about 3500. (4) The north and west African plains,

bordered and traversed by bands of higher ground, but
generally below 2000 feet.

The two last divisions may be again subdivided. Thus
the high plateaux include :~\a) The South African plateau

as far as about 12*' S., bounded on all sides by

piat^ux*
^ound whicOi fall steeply to the

coasts. On this account South Africa has a

general resemblance to an inverted saucer. The bounding
ridges belong, as a rule, to the crystalline axes of the

continent, but in the south-east, where they attain their

maximum elevation in the Drakensberg range, the ancient

rocks are overlaid by extensive beds of permian and trias.

Quite in the south the plateau rim is formed by three

parallel steps with level ground between them. In the

north the interior basin is demarcated merely by a strip

of plateau somewhat more elevated than the rest of the

surface. The South African plateau is connected towards

the north-east with (b) the East African plateau, with

probably a slightly greater average elevation, and marked

by some distinct featuies. It is formed by a widening

out of the eastern axis of high ground, which becomes

subdivided into a number of zones running north and

south and consisting in turn of ranges, tablelands, and

depressions. A wide area of granite and gneiss runs

down the centre, forming in part a rolling plain, while

the more elevated ridges are composed chiefly of schists,

quartzites, and stratified rocks. The most striking featme

is the existence of two great lines of depression, due

largely to the subsidence of whole segments of the eaith s

crust, the lowest parts of which are occupied by vast lakes.

Towards the south the two lines converge and we find

only one great valley (occupied by Lake Nyasa), the

southern part of which is less distinctly due to rifting

and subsidence than the rest of the system. Faithcr

north the western depression, sometimes known as the
*Central African trough, is occupied for more than half its

length by water, forming the four lakes of Tanganyika,

Kivu, Albert Edward, and Albert, the first -named
over 400 miles long and the longest fresh-water lake in

the world. Associated with these great valleys are a

number of volcanic peaks, the greatest of which occur on
a meridional line east of the eastern trough. The eastern

depression, known as the East African trough or rift-valley,

contains much smaller lakes, many of them brackish and
without outlet, the only one comparable to those of the

western trough being Lake Eudolf, or Basso Norok.

Towards the northern end are Kilimanjaro—with its two
peaks Kibo and Mawenzi, the former (according to Dr.

Hans Meyer’s latest measurement) 19,430 feet, and prob-

ably the culminating point of the whole continent—and
Kenya (17,180 feet). Hardly less important is the

Euwenzori range (probably over 18,000 feet), which
lies east of the western trough. Other volcanic peaks
rise from the floor of the valleys, Kirunga, north of Lake
Kivu, being still partially active, (c) The third division

of the higher region of Africa is formed by the Abyssinian
highlands, a rugged mass of mountains forming the largest

continuous area of its altitude in the whole continent,

little of its surface falling below 5000 feet, while the
summits reach heights of 15,000 to 16,000 feet. This
block of country lies just off the line of the great East
African trough, the northern continuation of which passes

along its eastern escar]jment as it runs up to join the Eed
Sea. There is, however, in the centre a circular basin

occupied by Lake Tsana. The basis of the region is a
mass of ancient crystalline rocks which have been furrowed
by deep valleys under the influence of denudation. They
are surmounted, especially towards the south, by a laige

area of newer volcanic rocks, which have once covered the
surface in continuous sheets, while the north-western
margin is overlaid by sedimentary strata of Jurassic age.

The lower north-western half of Africa, though the
greater part of its area is below 2000 feet, is traversed
by bands of higher ground which run off from
the higher lands to the south. Both in the east

and west the bordering highlands are continued
^ ^

as strips of plateau parallel to the coast, the Abyssinian
mountains being continued northwards along the Eed Sea
coast by a series of ridges reaching in places a height of
7000 feet. In the west the zone of high land is broader
but somewhat lower. The most mountainous districts lie

inland from the head of the Gulf of Guinea (Adamawa, &c-),
where heights of 6000 to 8000 feet are reached. Exactly
at the head of the the great peak of the Cameroon,
on a linh of volcanic action continued by the islands to
the sou&-west,‘ has a height,® according to the measure-

i
ments oj|Dr. Preuss, of 13,370 feet, while Clarence Peak>
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in tiie first of the line of islands, rises to over 9000.

Towards the extreme west the Futa Jallon highlands

form an important diverging point of rivers, but beyond

this, as far as the Atlas chain, the elevated rim of the

continent is almost wanting. The intervening space

between the east and west coast highlands is divided into

separate basins by other bands of high ground, one of

which runs nearly centrally through North Africa in a

line corresponding roughly with the curved axis of the

continent as a whole. The best marked of the basins so

formed occupies a circular area in West Africa bisected by
the equator, once probably the site of an inland sea and

now largely covered by recent alluvium.

The following table gives the approximate altitudes of

the most important features of the continent

Table of Altitudes.

Mountains— Feet.

Aiashi (Atlas) . . 14,000^

Simen Mountains, Abys-
sinia . . . 15,200^

Elgon.... 14,200

Settima . . .13,390
Kenya.... 17,180

Kilimanjaro . . 19,430

Ruwenzori , . . 18,000^

Rungwe (Nyasa) . . 10,400

Drakensberg . .11,700
Markham, Mashonaland 10,000^

Cameroon . . ,13,370

Lakes—

Chad .... 780

Tsana . . . .5750
Rudolf . . . 1250

Victoria Nyanza . . 3800

Naiva&ha . . . 6300
Manyara . . .3300
Albert Nyanza . . 2100

Albert Edward . . 3200

Lakes {continued)

—

Feet.

Kivu .... 4900
Tanganyika 2670
Nyasa.... 1700
Mweru 2953
Bangweulu . 3700
Ngami 2950
Leopold 11. . 1100

Towns, &c.

—

Constantine (Algeria) . 2165
Timbuktu . 800
Khartum 1263
Addis Abbaba 8000
Eldoma Ravine Sta.,

Brit. E. Africa 7240
Tabora 4130
Zomba 2948
Bulawayo . 4469
Pretoria 4462
Bihe . . . . 5500
LeopoldviDe 1115
Stanley Falls Sta. 1470

From the outer margin of the African plateaux a large

number of streams run down to the sea with comparatively

short courses, while the rivers of the first class

flow for long distances on the interior highlands
sys ems.

breaking through the outer ranges. The
main drainage of the continent is to the north and west,

or towards the basin of the Atlantic Ocean, The high

Basin of
plateau of East Africa coiitains the head-

ibeAtlan^ waters of the Nile and Congo; the former the

tic and longest, the latter the largest river of the con-
Mediier>> tinent. The southern branch of the Nile receives
ranean.

supplies from the mountainous region

adjoining the Central African trough in the neighbourhood

of the equator. Thence streams pour east to the Yictoria

Nyanza, the largest African lake, and west and north to

the Albert Edward and Albert Nyanzas, to the latter of

which the effluents of the other two lakes add their waters.

Issuing from it the Nile flows north, and between 7** and
10" N. traverses a vast marshy level, during which its

course is liable to blocking by floating vegetation. After

receiving the Bahr-el-Ghazal from the west and the Sobat,

Blue (more correctly, Black) Nile and Atbara from the

Abyssinian highlands, it crosses the great desert and enters

the Mediterranean by a vast delta. The most remote
head-stream of the Congo is the Chambezi, which flows

south-west into the marshy Lake Bangweulu, afterwards

turning north through Lake Mweru and descending to the

forest-clad basin of west equatorial Africa. Traversing
this in a majestic northward curve and receiving vast

supplies of water from many great tributaries, it finally

turns south-west and cuts a way to the Atlantic Ocean
tb/ough the western highlands. North of the Congo

basin and separated from it by a broad undulation of the
surface is the interior basin of Lake Chad—a flat-shored

lake fiUed pi'incipally by the Shari coming from the
south-east. West of this is the basin of the Niger, the
third river of Airica, which, though flowing to the Atlantic,,

has its principal source in the far west, and reverses the
direction of flow exhibited by the Nile and Congo. An
important branch, however—the Benue—comes from the
south-east. These four river- basins occupy the greater

part of the lower plateaux of North and West Africa, the
remainder consisting of arid regions watered only by
intermittent streams which do not reach the sea. Ot
the remaining rivers of the Atlantic basin the Orange, in
the extreme south, brings the drainage from the Drakens-
berg on the opposite side of the continent, while the
Kunene, Kwanza, Ogowe, and Sanaga drain the west
coast highlands of the southern limb

; the Volta, Komoe,
Bandama, Gambia, and Senegal those of the western limb.

Of the rivers flowing to the Indian Ocean the only one
draining any large part of the interior j^lateaux is the
Zambezi, the western branches of which come Basin of
from ‘ the neighbourhood of the west coast, the Indian

Eecent explorations have shown that the most Ocean.

remote head-stream is the Liba, which, rising midway
across the continent, flows west and south before assuming
the eastward direction of the lower river. All the largest

tributaries, including the Shire, the outflow of Lake Nyasa,
flow down the southern slopes of the band of high ground
which stretches across the continent in 10“ to 12" S. In
the sonth-west the Zambezi system interlaces with that of
the Taukhe (or Tioghe), from which it at times receives

surplus water. The rest of the water of the Taukhe is

lost in a system of swamps and saltpans which formerly
centred in Lake Ngami, now dried up. Farther south
the Limpopo drains a portion of the interior plateau but
breaks through the bounding highlands on the side of the
continent nearest its source. The Rovuma, Eufiji, Tana,
Juba, and Webi Shebeli principally drain the outer slopes

of the East African highlands, the last-named losing

itself in the sands in close proximity to the sea. Lastly,

between the basins of the Atlantic and Indian Oceans,

there is an area of inland drainage along the centre of

the East African plateau, directed chiefly into the lakes

in the great rift-valley. The largest river is the Omo,
which, fed by the rains of the Abyssinian highlands,

carries down a large body of water into Lake Eudolf.

The latest calculation of the areas of African drain- . -

age systems, made by Dr A. Bludau {FeUrymnris
MUieilungmy 43, 1897, pp. 184-6) gives the following

general results :— ‘

Basin of the Atlantic .

Do. Mediterranean
Do. Indian Ocean

Inland drainage area .

4.070.000 sq. miles.

1.680.000

2,086,000

3,452,000

The areas of individual river-basins are :

—

Congo ....
Nile ....
Niger ....
Zambezi
Lake Chad .

Orange....
Do. (actual drainage area)

. 1,425,000 sq. miles.

. 1,082,000

808, 000^ „
513.500
394,000
370,500^

172.500 „
The area of the Congo basin is greater than that of any other

river except the Amazon, while the African inland drainage area

is greater than that of any continent but Asia, in which the same
area is 4,900,000 sq. miles.

The principal African lakes have been alluded to in the

description of the East African plateau, but some of the

phenomena connected with them may be spoken
i,akes

of more particularly here. As a rule the lakes

^ Estimated. 2 Including waterless tracts naturally belonging to basin.
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wMcli occupy portions of the great rift-valleys have steep

sides and are very deep. This is the case with the two

largest of the type, Tanganyika and Nyasa, the latter of

which was found in 1899 to have a depth of 430 fathoms.

Others, however, are shallow, and hardly reach the steep

sides of the valleys in the dry season. Such are Lake

Ptukwa, in a subsidiary depression north of Lake Nyasa,

and Eiassi and Manyara, in the system of the eastern rift-

valley. Lakes of the broad type, such as the Victoria

IjTyanza, are probably of intermediate depth. Apart from

the seasonal variations of level, most of the lakes show

periodic fluctuations, while some have supposed that a

progressive desiccation of the whole region is traceable,

tending to the ultimate disappearance of the lakes. Such

a drying up has no

doubt been in pro-

gress during long

geologic ages, but is

probably of no prac-

tical importance at

the present time.

The periodic fluctu-

ations in the level

of Lake Tanganyika

are such that its out-

flow appears to be

intermittent. After

rising steadily for

some years after

1871, a fall seems

to have set in about

1879, which before

the end of the cen-

tury had carried the

lake back within its

natural bed. Within

about the same time

the neighbouring

Lake Rukwa (the

level of which seems

to be almost iden-

tical with that of

Tanganyika) has in

great part dried up.

Others of the East

African lakes have,

on the contrary, risen in level, Nyasa having been unusually

high in 1896 and KudoK in 1896-98
;
so that, if the fluctua-

tions are due to variations of rainfall, these do not affect

the whole lake region simultaneously in the same direc-

tion. In the case of the Victoria Nyanza a variation to

the extent of 5 feet has been thought to recur in periods of

eighteen to twenty-five years. Since 1896 records of the

seasonal variations have been kept at stations north of the

lake
;
the maximum in the year having been so far about

15 inches. They may be accounted for in part by the action

of winds. Besides the East African lakes the principal

are :—^Lake Chad, in the northern area of inland drainage

;

Bangweulu and Mweru, traversed by the head-stream of

the Congo; and Leopold II. and Mantumba, within the

great bend of that river. All, except possibly Mweru, are

more or less shallow. The altitudes of the African kkes
have already been stated.

Divergent opinions have been held as to the mode of

origin of the Central African lakes, especially Tanganyika,
which some geologists have considered to repre-

sent an old arm of the sea, dating from a time

when the whole central Congo basin was under
water

;
others holding that the lake water has accumulated

in a depression caused by subsidence. The former view

bKETcn Map op the Lake Region op Africa.

Otigin of

takes.

derives some support from the existence in the lake of

organisms of a decidedly marine ty|)e, the investigation of

which has been the work of Mr J. E. S. Moore. They

include a jelly-fish, molluscs, prawns, crabs, <fcc., and form

an isolated group found in no other of the African lakes.

M. J. Cornet, a Belgian geologist, has expressed a doubt

whether these organisms furnish evidence of a former con-

nexion of Tanganyika with the sea.

Lying almost entirely within the tropics, Africa does

not show excessive variations of temperature. Great

summer heat is experienced in the lower plains
climate

of North Africa, removed by the great width of

the continent from the influence of the ocean, and here too

the contrast between day and night, and between summer

and winter, is greatest. Farther south, the heat is to some

extent modified by the moisture brought from the ocean,

and by the greater elevation of a large })art of the surface,

especially in East Africa, where the range of temperature

is also wider than in the western basin. In the extreme

north and south the climate is a warm temperate one. The

most important climatic differences are due to variations in

the amount of precipitation. The wide heated ])lains of

North Africa, and in a lesser degree a corresponding zone

of latitude in the south, have an exceedingly scanty rain-

fall, the winds which blow over them from tlie ocean

losing part of their moisture as they pass over the outer

highlands, and becoming constantly drier owing to the

heating effects of the burning soil of the interior
;
while

the scarcity of mountain ranges in the more central parts

likewise tends to prevent condensation. In the inter-

tropical zone of summer precipitation, this is greatest when
the sun is vertical or soon after. It is therefore greatest

of all near the equator, where the sun is twice vertical, and

less in the direction of both tropics. The rainfall zones

are, however, somewhat deflected from a due west-to-east

direction, the drier northern conditions extending south-

wards along the east coast, and those of the south north-

wards along the west. Within the equatorial zone certain

areas, especially on the shores of the Gulf of Guinea and in

the Upper Nile basin, have an intensified rainfall, but this

rarely approaches that of the rainiest regions of the world.

The rainiest district in all Africa, and (in the present state

of knowledge) the second rainiest in the world, is a little

west of Mt. Cameroon, where at the Debunja station the

following results have been recorded :

—

1895
1896
1897
1898

353 ’04 inches

384-96 „
372-72 „
379-20 „

Mean 372*40 inches.

as compared with a mean of 475 inches at Cherrapunji, in

Assam. The two distinct rainy seasons of the equatorial

zone, where the sun is vertical at half-yearly intervals,

become gradually merged into one in the direction of the

tropics, where the sun is overhead hut once. The ques-

tion of a progressive desiccation of the continent has been
touched upon in speaking of the lakes.

While the climate of the north and south, especially the

latter, is eminently healthy, and even the intensely heated
Sahara is salubrious by reason of its dryness,

the tropical zone as a whole is the most
unhealthy portion of the world. This is

especially the case in the lower and moister regions, such as
the west coast, where malarial fever is very prevalent and
deadly; the most unfavourable factors being humidity
with absence of climatic variation (daily or seasonal). The
higher plateaux, where not only is the average temperature
lower, but such variations are more extensive, are more
healthy; but even here, with the exception of a few
specially favomed locahties, Europeans find it difficult to
maintain their health permanently. Opinions still differ



meteoeology] AFRICA 129

as to the possibility of the acclimatization of -white men in

Africa, some holding that acclimatization can only be the

result of a gradual process extending through many
generations, while others believe that with improved
knowledge the diseases of Airica and other tropical

countries can be successfully dealt with. (On this subject

see article by Dr Sambon in Geographical Jowrnal^ vol.

sii. p. 589.) It is believed by the latter school that the

malarial germs are propagated by the agency of mosquitos,

and during 1899 the discovery of the particular species to

which infection is due inWest Africawas claimed to be made

Meteoro^
Major Eoss. Hopes are entertained that suit-

logical able measures may lead to its destruction.

Observa^ During the last decade of the 19th century a great
tions. impetus was given to the record of meteorological

data at stations in Central Africa, and our scanty knowledge with
respect to that region has already received important additions.

The following tables summarize some of the latest results :

—

Goveknment Station, Cameeoon.^

Lat. 4*^ 2' K. Long. 9“ 42' E. Alt. 40 feet.

(Average for years 1894-98).

Atmospheric

Pressure. Mean.
Mean Temperature.

Mean

daily

Range.

Relative
Humidity

Rainfall.

ins.

No.

of

lamy

days.

T A.M. 2 P.M.

January 29*815 79-9 12*2 95 74 *69 4

February . *812 79*9 12*4 95 72 2*95 7

March •796 79-2 12*8 95 75 8-45 13

April ,
•819 79-2 13*1 93 76 8*00 16

May .
*862 78-4 12*4 95 77 n-72 19

June . •941 76-8 10*3 96 82 21*54 21

July . •957 74-5 7*9 97 87 23-47 26
August *941 74-5 8*6 96 85 38*88 28
September . •914 75*6 9*9 96 84 19*79 23

October •884 76 •$ 10*6 96 83 14*45 23

November , *819 78-3 11*2 95 80 6*58 11

December . •846 79-0 11*3 95 79 2*44 7

Year 29*867 77-6 11*1 96 79 158*46 198

Mombasa.
Lat. 4° 4' S. Long. 39° 42' E. Alt. 60 feet.

(Average for years 1894-98).

i

Atmospheric Pressure

9
A.M.

Mean.

Mean Temperature.

Mean

daily

Range.

,

Relative Humidity9
a.m.

1
No.

of

rainy

days.

January
ms.

29*862 80*1 7*7
%
87

ins.

•39 2
February •847 80*9 7*5 81 •71 2

March

.

*816 82*1 7*7 81 1-89 5

April . •838 81*4 7*0 82 5*01 9

May , •899 80*1 6*9 87 12*58 13

June , *925 78-5 7*1 84 2*60 5

July . •981 77-5 7*6 83 2*73 6

August •980 77-8 7-1 83 1-76 6

September . •971 78-5 6*9 84 3*05 8

October •914 79*0 6*7 84 1-92 5
Kovember . •886 79*5 6*7 82 8*19 9
December . •842 80*1 7*6 83 2*29 3

Year 29*897 79*6 7*2 83 43-12 73

The first of these tables gives the climatological phenomena at
a station in the humid and equable region of the west coast.

The dry season is reduced to aminimum, occurring at the time when
^^e pn is at its greatest southward declination. The relative
humidity is high and the temperature shows small seasonal varia-
tions. The second table, relating to a station on the east
coast, likewise shows small variations of temperature, but
a relatively small rainfall, divided chiefly between two dis-
lanct rainy seasons. The third,* the much greater temperature

^ This table is based on observations recorded in the Mitt&il'mgem,
dm DmtscTmi Schutzg^iete%; the two following on those published

hy the British Association Committee,

variations at an inland station, at a considerable altitude and
farther

^

removed from the equator. The high rainfall is due
to the influence of the mountains

;
but though no month is really

diy, the^ bulk of the rain falls between December and April.
Observations for 1897 at Kibwezi, an inland station in the drier

Lauderdale, Mt. Mlanji, ITyasaland.
Lat. 16° 2' S. Long. 35° 36' E. Alt. 2850 feet.

(Average for years 1894-98).

Mean Temperature.

|

Mean

daily

Range.

Relative
Humidity

Rainfall

No.

of

rainy

days.

6 A.M. 2 P.M.
(1895-8).

» 0
ins.

January 72-6 13-8 90 81 21*04 26
February 72*5 13*9 89 82 20*98 25
March

.

71-9 13*9 93 83 12*60 24
April . 69*5 13*4 90 79 15*40 21
May . 66*2 14-9 87 74 5*01 13
June . 63*2 13*4 81 68 4*34 13
July . 62*8 15-6 86 69 3*25 10
August 64*7 18-8 86 74 2*59 7
September 71*1 21*5 74 55 2*98 6

October 74*5 24*9 74 54 3*05 6

November 76*9 22*2 84 58 6*39 11

December 73*6 16*2 92 80 18*85 22

Year • • 69-9 16*9 85 71 116*48 184

parts of British East Africa (2° 25' S.
),

at an elevation of 2990 feet,

show a still greater daily range of temperature, the mean for the year
being 28 *5°. The mean temperature for the year was 72 *5“, and the
rainfall (occiuring chiefly in two rainy seasons, separated by a
short relatively dry interval) 21*61 inches. At Machakos, a station

on the higher plateau (5400 feet), the mean temperature for 1894
was 66*2 (highest month 70*2, lowest 61*4), while a four years’

average of the rainfall gives 30*98 mehes.
The vegetation of Africa follows very closely the distribution of

heat and moisture. The northern and southern temperate zones
have a flora distinct from that of the continent gener-

ally, the north corresponding with south Europe in
^

this respect. The zones of minimum lainfall have a very scanty
flora, consisting of plants specialized to resist the great dryness.

The more humid regions have a richer vegetation—dense forest

where the rainfall is greatest and variations of temperature least,

conditions found chiefly on the tropical coasts and in the west
African equatorial basin ; and savanna interspersed with trees on
the greater part of the plateaux, passing as the desert regions are

approached into a scrub vegetation consisting of thorny acacias,

&c. Forests also occur on the humid slopes of mountain ranges

up to a certain elevation. The dense forests ofWest Africa contain,

in addition to a great variety of dicotyledonous trees, two palms,

the Blaeis Guineensis and MapJiia mnifera, not found, generally

speaking, in the savanna regions. In the latter, the most charac-

teristic trees are the baobab {Adansonia digitata), Hyphaenepalm,
and Euphorbias. The higher mountains have a special flora show-
ing close agreement over wide intervals ofspace, as well as affinities

with the mountain flora of the Eastern Mediterranean, the Hima-
layas, and Indo-China (c/. A. Engler, XJcher dit JSocKgebirgsfiora

des tropischen AfHka, 1892).

The fauna again shows the effect of the characteristics of the
vegetation. The open savannas are the home of large ungulates,

especially antelopes, the giraffe (peculiar to Africa),
Fauna

and four species of rhinoceros
;
and of carnivores, such

as the lion, leopard, hyaena, &c. The elephant (though its range

has become restricted through the attacks of hunters) is found both
in the savannas and forest regions, the latter being poor in large

game, though the special habitat of the chimpanzee and gorilla.

The camel—as a domestic animal—^is especially characteristic of

the northern deserts and steppes, while the ostrich thrives in most
of the drier regions. The rivers in the tropical zone abound with
hippopotami and crocodiles, the former entirely confined to Africa.

, The vast herds of game, formerly so characteristic of many parts

of Africa, have mudfi diminished with the increase of intercourse

with the interior. Game reserves have, however, been established

in South Africa, British Central Africa, British East Africa (2),

Somaliland, &:c., while measures for the protection of wild animals

were laid down in an international convention signed in May 1900.

Of practical questions relating to the African fauna, one of the

mosjb important is that of the domestication ofthe African elephant.

Although rarely used in modern times in any of the various ways
in which the Indian species is made of service to man, it is known
that the African species was tamed in ancient times. A successful

experiment in this direction has lately been made in French Congo,

where a young African elephant has been used at the Feman Vaz

3 . L— 17
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mission for purposes of transport, wliile out of eigRt captured

in Cameroon in 1900, tiiree have been successfully tamed.
^

The

employment of Indian elephants in East Africa was tried without

much success, both by the Belgian expedition of 1879 under

Captain Carter and by Count von Gotzen in 1893. It is among

the lowest subdivisions of the animal kingdom that the species

that most injuriously affect the settlement of Africa occun The

devastation caused by locusts need not be dwelt upon, while the

question of the spread of malaria by means of mosquitos has already

been referred to. Hardly less detrimental by reason of the fatal

effects of its bite on most domestic animals is the tsetse fly, an

insect fortunately confined to Africa. Researches are being made

with a view to discovering the way in which the poison acts, but

though it has been proved that the blood of infected animals con-

tains a haematozoon closely allied to the Trypanosorm present in

the Surra disease of India, the endeavour to produce immunity by

inoculation has so far failed, nor have any means of alleviating

the disease been discovered (of. Froc, Hoy, Soc, vol. Ixiv. ).

Earlier
Periods,

Exploration.

The last quarter of tbe 19th century saw the almost

entire completion of the broad outlines of African geo-

graphy, This period has been in the main one of filling

in of detail, the wide blank space which previously occupied

the centre of the continent on our maps having practically

disappeared in 1877. A very brief recapitulation of the

earlier stages of African exploration may be given before

speaking of this later period.

After the Portuguese voyages to the East had in the 15th cen-

tury made known the whole coast-line of the continent, a certain

amount of progress towards a knowledge of the interior,

principally in Angola and the region of the Zambezi,

was made. But with the decline of Portuguese power

at the end of the 16th century a period of stagnation ensued,

broken only by Jesuit and Oamchin missionary enterprise in

Abyssinia and Angola, and by French and English trading ad-

venture in Senegambia. The first great advance was due to the

action of the African Association (founded 1788), whose agents

(Mungo Park amongsst them) made known the geography of the

Higer region and of various parts of Northern Africa. About 1850

began the great series of journeys, which in the south, east, and
north first shed certain light on the geography of the inner regions

of the continent—^the discovery of the course of the Zambezi by Dr
Livingstone

;
of the great lakes of Eastern Africa and the source of

the Nile, by Burton, Speke, Grant, and Baker
;
and the researches

of Dr Barth in the Central Sudan, being the principal results.

Dr Livingstone’s last great journey, commenced in 1866, began to

lift the veil from the western half of the equatorial regions, but,

though leading to the discovery of an entirely new river system

west of Lake Tanganyika, it was brought to a close by the travel-

ler’s death (1873) before the uncertainties which attached to this

new river system were cleared up. With Livingstone’s death, and
the universal interest aroused by the story of his labours, the

latest period of African exploration may be said to have begun.

In immediate connexion with Livingstone’s work was the ex-

pedition of Lieutenant Cameron, who early in 1873 left Zanzibar

with the object of supporting the ^eat explorer and
carrying on independent geographical work. After

learning of the death ofDr Livingstone, which occurred

on 1st May^ of that year, Cameron continued his way
to Lake Tanganyika by a new route, and afterwards

effected the circumnavigation of the greater part ofthe
lake, discovering its outlet towards the Congo on the

west. He then proceeded to Nyangwe, the Arab trading post

on tbe Lualaba or Upper Congo, which had been Livingstone’s

farthest point on the ^eat river
;
but the difficulties in the way

of a furuier exploration of its course proving insurmountable,
Cameron turned south-west through an entirely unknown region,

and made his way across the southern Congo basin to Benguela on
the west coast. From his view of the Lualaba, which had been at

first thought bjr Livingstone to belong to the Nile basin, Cameron
concluded that it conld be nothing^ else than the upper course of

the Congo. Meanwhile Mr H. M. Stanley, who hadbecome famous
for his relief of Dr Livingstone in 1871, started again for East
Africi as correspondent of the Daily TeUcfraph and New York
Serald to attempt the solution of the chief remaining problems
of Central African ^ography. His first task was the thorough
examinaticwi of the Victoria Nyanza, which had been held by some
to consist of several independent lakes, and which he reached by a
new, almost direct, route from Bagamoyo to its southern point.

After circumnavigating the lake and thus proving the general
accuracy of its delineation by its discoverer, Captain Speke, Stanley

^ 4tk, according to the inscription cut by his followers.
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turned west to survey the Albert Nyanza, reaching what he sup-

posed to be a bay of that lake, situated under the equator, but

which subsequently proved to belong to an independent piece of

water. Compelled to desist from further attempts in this direction,

Stanley turned south for Ujiji on Lake Tanganyika, which lake he

circumnavigated, and then went west to attack the problem of the

termination of the Lualaba. He, too, encountered immense diffi-

culties in the attempt to penetrate the trackless forests of the

equatorial basin, but, building a fleet of canoes, succeeded in

tracing the river round its great northern bend, until after a journey

of 1600 miles he finally reached the known part of the Congo, near

the west coast. In this great journey he had to contend not only

with natural difficulties, such as the furious cataracts by which the

Congo is broken, but with the opposition of warlike cannibal tribes,

through whose territory he had constantly to fight his way. The
result was to bring to light a river system of hitherto unsuspected

magnitude, the Cougo proving to be one of the principal rivers of

the globe not only in respect of volume and size of basin, but also

of length of course, in which respect it is second only to the Nile

among African rivers.

This great achievement helped still further to stimulate a

general interest in Equatorial Africa, which had already had its

outcome, since Livingstone’s death, in movements
destined to lead to important results. In 1873 the EquatoHal
German African Society was founded, and this body

j^ffi^a,
set itself the task of exploring the interior of Angola
and other districts of West Africa. The success attained hardly

came up to expectations, but in 1876 Dr Paul Pogge succeeded in

reaching the town of the ncOTO potentate, the Muata Yanvo. In

that year King Leopold of Belgium summoned to Biussels an

international conference to take measures for the systematic

opening up of the continent. The outcome was the inauguration

of the International African Association with its headquarters in

Brussels, while committees were formed in the various European
countries, the German society being reconstituted, and continuing

to do good work in the southern Congo basin. On the Congo
itself Mr Stanley inaugurated a great undertaking on behalf of

King Leopold, which ended in the establishment of the Free

State of the Congo in the basin of that river, and the exploration

of its various tributary streams. Meanwhile the French had
already been exploring the interior of their colony of the Gabun,
the Ogowe having been explored in 1875 and 1876 by Marche
and De Oompiegne. and from 1875 by Pierre S. de Brazza, who,
reaching the upper‘basin of that river, made his way across the

watershed to the Congo in 1880. The whole region between the

Gahun and the Congo was in time explored by French officials,

among whom J. de Brazza, brother of Pierre, was one of the first

to penetrate to the far north (1885). South of the Congo the

Portuguese were likewise active, a great expedition being sent

out in 1877 under Pinto, Capello, and Ivens, for the exploration

of the interior of Angola. The first-named made his way by the

head-streams of the Kubango to the Upper Zambezi, which he
descended to the Yictoria Falls, thence proceeding south-east to

Pretoria and Durban. Capello and Ivens, after crossing the

Upper Kwanza, confined their attention to the south-west Congo
basin, where they disproved the existence of Lake Aquilunda,
which had figured on the maps of that region since the 16th
century. Farther south, in the region of the Kunene and
Ovampo, good work was done in 1879 and following years by a

French missionary, Pke Duparquet. Following the example set

by Dr Pogge, the Germans Sonutt and Buchner added to th;6

knowledge of the Muata Yanvo’s empire, while Von Mechow
explored the Kwango to about 5® south. The most important
results were, however, obtained by Pogge and Wissmann, who
passed through previously unknown regions beyond Muata Yanvo’s
kingdom, and reached the Upper Congo at Nyangwe, whence
Wissmann made his way to the east coast. In 1884 Mr Arnot,
who had reached Benguela from Natal by a route roughly the

reverse of Pinto’s, started west and made his way along the

Zambezi-Congo watershed to Garenganze or Katanga. In 1884-85
a German expedition under Wissmann solved the most important

f
sographical problem relating to the southern Congo basin by
escending the Kasai, the largest southern tributary, which, con-

trary to expectation, proved to unite with the Kwango and other

streams before joining the main river. Further additions to

the knowledge of the Congo tributaries were made at the same
time by Mr Grenfell, a Baptist missionary, who (accompanied in

1885 by Yon Fran9ois) made several voyages in the steamer
Peace, especially up the great Ubangi, ultimately proved to be
the lower course of the Welle. Another German expedition under
Kund and Tappenbeck also made discoveries north of the Lower
Kasai. In 1885-87 an Austrian expedition under Dr sontb
Lenz crossed Africa from west to east by the Congo Central
and Lakes Tanganyika and Nyasa. Farther south Africa,
Capello and Ivens in 1884-85 crossed the continent
from Mossamedes to the mouth of the Zambezi, breaking new
ground e% route, especially in tbe borderlands between the Upper
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Zambezi and Upper Congo. In the southern Zambezi basin and
neighbouring districts, the journeys of Holub, Selous, Montagu

Kem Erskine, and others resulted in more accurate knowledge,

especially in Matabeleland and Mashonaland, while Portuguese

expeditions under Paiva de Andrada explored the country south

of the Lower Zambezi.

On Lake Nyasa, where a Scottish mission was established in

1875> hlr E. D. Young in 1876 for the fiist time reached the
north end of the lake, proving that it extended farther

than had been supposed. Surveys were also earned
BqaatonaJ by Mr James Stewart. In 1877 Messrs Elton
Africa,

Cotterill opened a new route north of the lake to

XJgogo. In East, as in West Africa, operations were started by
agents of the Belgian Association, but with less success than on
the Congo. The first new journey of importance on this side

was made (1878-80) on behalf of the British African Explora-

tion Committee by Mr Joseph Thomson, who after the death of his

leader, Mr Keith Johnston, made his way from the coast to the

north end of ISTyasa, thence to Tanganyika, on both sides of

which he broke new ground, sighting the north end of Lake
Rukwa or Leopold on the east. In 1880-84 a German expedition

under Reichard, Bohm, and Kaiser crossed Tanganyika, and pene-

trated beyond the Upper Congo to Katanga, while in 1882-84 the

French Lieutenant Giraud proceeded by the north of Nyasa to

Lake Bangweulu, of which he made the first faiily correct map.
Between Nyasa and the coast useful work was done about this

time by Mr H. E. O’Neill, British consul at Mozambique, as well

as by members of the Universities mission, and a little later by
Mr J. T. Last. North of the Zanzibar-Tanganyika route a large

area of new ground was opened in 1883-84 by Mr Joseph Thomson,
who traversed the whole length of the Masai country to Lake
Baringo and the Victoria Nyanza, shedding the first clear light on
the great East African rift-valley and neighbouring highlands,

including Mounts Kenya and Elgon. On the first part of his route

he had been preceded by the German Dr G. A. Fischer, who in a
second journey broke some new ground to the south and west
of the Masai country, traversing for the first time the coast

districts east of the Victoria Nyanza (1885-86). A great advance
towards the north was made in 1887-89 by the Austrians Teleki
and Von Hohnel, who discovered the large Basso Norok, now known
as Lake Rudolf, till then only vaguely indicated on the maps
as Samburu.

Still farther north various attempts were made between 1870
and 1886 to explore the interior of Somaliland, the principal

North-
of Haggenmacher (1874) and R4voil

Basi (1870-84), but they met with only partial success.

Africa, 1885, however, the brothers James succeeded in
making their way for the first time from Berbera to

the "Webi Shebeli. In Abyssinia and the Galla countries to the
south of it the piincipal work was done by a band of Italian
explorers, among whom tile names of Antinori, Antonelli, Bianchi,
Cecchi, and Chiarini most deserve mention. Many of the expe-
ditions were unfortunate, but valuable results were obtained by
Cecchi and Chiarini, who penetrated the Galla countries to Kaffa
(1876-81). In 1881-83 Dr Stecker, and in 1886-87 Dr Traversi,
explored the Lake Zuai region

;
while in 1882 a Dutch traveller,

J. M. Schuver, pushed through unknown districts south-west of
Abyssinia beyond the Blue Nile. French travellers, among them
M. Aubry (1883-85), also made their way to the Galla countries,
where a few years later a considerable advance was made by J.
Borelli, who reached a point on the Omo farther south than any
of hw predecessors. On the Upper Nile, where General Gordon
and his lieutenants were now waging war against official corrup-
tion, and the oppression of the slave traders, the chief geographical
work was the survey of the course of the river by Gordon and
members of his staff ; the examination of the Albert Nyanza by
Romolo Gessi and by Colonel Mason

;
and, somewhat later, various

journeys of Emin Pasha to the west of the lake. To the south
of Darfur the bounds of knowledge were somewhat extended by
Colonel Purdy and by the Greek Dr Potagos, while on and
beyond the watershed to the south-west the work of Schweinfurth
was continued by the Russian Dr Junker (1878-86), who pushed
mr down the Welle river, and by Frank Lupton, governor of the
Bahr-el-Ghazal province.

^

XT
Africa, embracing the Sahara and western Sudan,

tne period 1873-85 was not marked by many important expedi-

Nortb and attention of explorers being directed to the
North- central regions. That of Dr G, Nachtigal, which
West ? J

^ valuable light on the region around Lake Chad,
Africa, been begun in 1869, though not completed till

^
stages took the traveller through theamo^ unknown country of Wadai to the NHe. In 1873-74

Bohlfs, undertook his second ex-

Libyan desert, and in 1878-79
^ Kufra. A little later (1880-81)

XX
Africa from east to west was effected by the

^®«ua«s Matteucci and Massari, who, starting from Suakin, passed

through Wadai, and finally reached the mouth of the Niger,
In the Sahara unsuccessful attempts were made to penetrate from
Algeria to Timbuktu in 1873-74 by Paul Soleillet, who only reached
Insalah, and in 1874-76 by Victor Largeau. In 1876-77 a German
tiaveller, Erwin von Bary, made his way to Rhat and Air, but
was assassinated.

^

A French expedition under Colonel Flatters
met with a like disastrous fate in 1881. Farther west success
was attained in 1880 by a German traveller, Dr Lenz, who start-
ing from Morocco made his way acioss the Western Sahaia, in
part hy a new route, to Timbuktu, Morocco itself was, a year or
two later (1883-84), the scene of important explorations by M. de
Foucauld, a French traveller, who, disguised as a Jew, crossed
and re-crossed the Atlas, and supplied the first trustworthy in-
formation as to the orography of many parts of the chain. In
Senegambia, where the political expansion inaugurated by General
Faidherbe was continued under Desbordes and Gallieni, additions
were gradually made to geographical knowledge. An unsuccessful
attempt to reach Timbuktu and Algeiia from this side was made
in 1878-79 by Soleillet, and it was not till 1887 that the former
was reached by Lieutenant Caron, who navigated the Upper
Niger in a gunboat. The source of the river had been reached
in 1879 by MM. Zweifel and Moustier, agents of a commercial
house at Sierra Leone. Behind the Gold Coast, where Kumasi,
the capital of Ashanti, had long been the limit of European
knowledge, the first step forward was made by Bonnat, who
ascending the Volta reached the important mart of Salaga
(1875-76). In 1882 Captain Lonsdale went farther, visiting
Yendi and Bontuku, while two years later Captain Kirby made
his way to Kintampo. On the Middle and Lower Niger no great
advance was made during this period

;
but on its eastern branch,

the Benue, good work was done by E. R. Flegel, who charted the
river in 1879 during a voyage in the missionary steamer Menry
Venn, and in 1882-83 penetrated almost to its source during an
overland journey in Eastern Adamawa.

Apart from the French operations in the Sahara, Senegambia,
and the Ogowe region, most of the journeys had hitherto been
independent of political motives, few territorial claims having
yet been made by European nations. From about 1886 onwards
exploration was largely connected with the extension of political
innuence over African territory, inaugurated in 1884 by the
annexations of Germany, and regulated by the enactments of the
Berlin Conference of 1884-85, and by subsequent international
agreements. The future course of exploration can best be
followed by taking in turn the work done in the different
spheres by European Powers. One great expedition, however,
not exclusively connected with any one sphere, must be first

spoken of, viz., the Emin Pasha relief expedition
under H. M. Stanley, which set out in 1887 hy way
of the Congo to carry supplies to the governor of the ^ ^
old Egyptian Equatorial province. The route lay up
the Aruwimi, the principal tributary of the Congo
from the north-east, by which the expedition made its

way, encounteringimmense difficulties, through the great Equatorial
forest, the character and extent of which were thus for the first

time brought to light. The return was made to the east coast,

and resulted in the discovery of the great snowy range of Ruwen-
zori or Runsoro, and the confirmation of the existence of a third
Nile lake discharging its waters into the Albert Nyanza by the
Semliki river. A further discovery was that of a large bay, hitherto
unsuspected, forming the south-west corner of the Victoria
Nyanza.

In the partition of the continent among European nations,
attention was first directed to West Africa, where the activity of
the International Association and of France was -
quickly followed (1884) hy the appropriation hy
Germany of the chief of the previously unclaimed strips of
coast. In one of these— Cameroon— the unknown interior
had till then been contiguous with the coast -line, but German
travellers soon began to throw back its limits. Through the
labours of Zintgraff (1887-89), Kund (1887-88), Morgen (1889-90),
the river systems of the Sanaga and Nyong were brought to
light, and a connexion effected with the Benue and Adamawa in
the north. Other travellers—Von Stetten, Konrau, Ramsay, &c.
—supplemented their work, while Von Uechtritz and Passarge
explored scientifically the region of the Benue (1894). The
eastern borders of the territory were first explored in 1897-98 by
Von Carnap, and later (1898-99), from the side of the „ .

Congo, by Pleyn. In the adjoining French territory,

the Sanga, one of the principal northern tributaries
ongo,

of the Congo, was explored in 1890-92 by Cholet, Ponel, Foumeau,
and others, and was reached from the north by Mizon, who drew
the first Hue of communication between the Benue and the Congo
(1890-92). In 1890 Paul Crampel, who in the previous year had
explored north of the Ogowe, undertook a great expedition from
the Ubangi to the Shari, but was attacked and killed, with
several of his companions, on the borders of Bagirmi. M.
Dybowski, who commanded a supporting expedition, reached the
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Gribingi, a principal branch of the Shari. He was followed in

1892-93 by Maistre, who, reaching the Gribingi by a more westerly

routej passed westward to the Benue. In 1894 Clozel reached the

Worn, a south-western feeder of the Shari, which last was reached

in 1896 by Gentil, who for the first time launched a steamer on
its waters, and pushed on to Lake Chad, the ultimate objective of

the French for many years. Further exploration in the Shari

basin was effected in 1898-99 by Behagle. Farther east, towards

the Nile watershed explored first by Junker and others from the

north, the pioneers from the south were Belgian officers, who
went north from the Congo before the French territorial claims

were fully acknowledged. Thus Hanolet reached Dar Runga,
south of Wadai, while Nilis and De la KethuUe made their way
(1894) to the borders of Darfur. Subsequently Fiench agents also

pushed towards the Nile basin. In 1896-97 Liotard and Cureau
reached the western borders of the Bahr-el-Ghazal, while Marchand
led a large military expedition through the heart of the province,

reaching Fashoda on the Nile early in 1898, and completing the
crossing of the continent through Abyssinia to the east coast.

Finally, in the west of the French territory, a journey from the
Sanga to the coast was accomplished by Fourneau in 1898-99.

Recent exploration in the Congo State has been carried out almost
entirely by Belgian officers. After the identity of the Welle with

c nffa
Ubangi had been finally ascertained, and its course

State
surveyed (1887-88) by Yangele, the upper basin of the
river was traversed in all directions by Van Kerkhoven

and his subordinates (1891-93), and later by Chaltin and others.

Various southern tributaries of the Congo were navigated by
Delcommune in 1888-89, particularly the Lukenye and the Boloko
or Lomame. In 1890-92 important expeditions traversed the
south-east Congo basin by overland routes to Garenganze, under
Le Marinel, Delcommune, and Bia, the second of whom reached
Tanganyika, and explored the course of the Lukuga. In 1896-97
the two main upper branches of the Congo and the country
between them were surveyed hy Lieutenants Brasseur and Cerckel,
and in 1898 the southern borders of the great Equatorial forest on
the eastern verge of the Congo basin were traversed by Lieutenant
Glorie.

In German South-West'' Africa journeys were made, after the
annexation of the territory, by Schenck, Schinz, Fleck, Pfeil,

Francois, Dove, and others, who added to the knowledge
of the western Kalahari as well as of the districts nearer
the coast. In British South Africa Selous and Holub
continued their explorations, while in 1895-96 the whole
country between the Upper Zambezi and the Kafukwe
was explored by Captain (now Major) Gibbons, Mr. Reid,

and Captain Bertrand. More recently (1898-1900), Major Gibbons,
assisted by Captains Quioke, Hamilton, and others, explored the
gorges of the Middle Zambezi, as well as the whole upper basin
of the river. The region of Lake Ngami and the Okavango was
explored and its geology elucidated in 1896-97 by Dr. Passarge.
On tbe east the boundary with Portuguese territory was surveyed
in 1892 by a mixed commission, on which the British representative
was Major Leverson. West of Lake Nyasa explorations were made
in 1889 and 1890 by Alfred Sharpe, who in the latter year crossed
the Loangwa and ascended the Mchinga escarpment

; in 1890-91
by Joseph Thomson, who crossed the plateau beyond that escarp-
ment to the neighbourhood of Lake Bangweulu, making a wide
circuit to the west and south on the return journey ; and more
recently by Foa, Weise, Moloney, Oodrington, and others. Lake
Bukwa, in German territory, north of Nyasa, was visited from the
south in 1889 by H. H. Johnston and Kerr Cross

;
in 1894 by

W. H. Nutt, who made his way from the west across the Fipa
plateau ; and in 1897 by L. A, Wallace, who made the first com-
plete circuit of the lake. The fact of a diminution of its area had
already ^been ascertained by German travellers from the north.
Farther west Lake Mweru, Garenganze, and the Luapula were
explored in 1890 and 1892 by Alfred Sharpe, while Lake Bang-
weulu aud the Luapula were carefully surveyed in 1895-96 and
1898-99 by Poulett Weatherley. A journey made in 1898 by Mr
Campbell, a missionary, from Garenganze to Blantyre by the south
of Bangweulu, also deserves mention.
In the southern districts of German East Africa, the upper basin

of the Eufiji was explored in 1886 by Count Pfeil, and the country

German river and the Rovuma in 1893-94 by Von
Bast

Sobele and Ramsay. The hilly districts north of Nyasa

Africa
examined by various travellers, incluoing

^
W. Bomhardt, who in 1896 discovered there consider-

able deposits of coaL Farther north the parts between the coast
and Tanganyika have been surveyed by Prince, Ramsay, and others.
Towards the north of the German sphere three important journeys
were made across the whole width of the territory within a few years
of its final acquisition. In 1891 Emin Pasha, accompanied by Dr
Stuhlmann, made his way south of the Victoria Nyanza to the
western Nile lakes, visiting for the first time the southern and
western shores of Lake Albert Edward. In the same year Dr O.
Baumann, who had already done good work in Usambara, near the
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Africa^

coast, started on a more extended journey through the region of
steppes between Kilimanjaro and the Victoria lake, afterwards
visiting the latter and exploring the head-streams of the Kagera, its

chief feeder. In the steppe region above alluded to he discovered
two new lakes, Manyara and Eiassi, occupying parts of the East
African valley system. This region was again traversed in 1893-
94 by Count von Gotzen, who passed to the south of Manyara,
ascending Mount Gurui in its neighbourhood, and thence continu-
ing his ronte westwards to Lake Kivu, north of Tanganyika, which,
though heard of by Speke over thirty years before, had never yet
been visited. He also reached for the first time the line of volcanic
peaks north of Kivu, one of which he ascended, afterwards crossing
the great Equatorial forest by a new route to the Congo and the
west coast. The region of the upper Kagera and Lake Kivu has
since been further explored, especially by the Germans Von Troths,
Ramsay, Bethe, Kandt, and Von Beringe, and the English-
men Grogan and Moore, the first accurate survey of the lake being
made by Kandt (1898-99). East of the Victoria Nyanza good
work has been done by the zoologist Neumann, and by Von
Trotha, Werther, Kaiser, and others. The exploration of Mount
Kilimanjaro has been the special work of Dr Hans Meyer.

In British East Africa the Tana river districts, as far as the
slopes of Mount Kenya, were explored in 1889-91 by Pigott, Dundas,
Hobley, &c., and the Juba in 1891 by Dundas. The _
railway survey in 1892 under Macdonald gave an im-
proved basis for the mapping of the country on the line
of route, while Captain Lugard traversed the whole
temtory to Lakes Albert Edward and Albert in 1891-92. Valuable
scientific work was done in 1893 by Dr Gregory, who ascended
Mount Kenya to a height of 16,000 feet, while the country east

and north of the mountain was explored between 1892 and 1896
by Chanler and Von Hohnel, A. H. Neumann, and Kolb, the last-

named reaching a point only a few hundred feet below the summit
In 1893-94 Mr Scott Elliot reached Ruwenzori by way of Uganda,
returning by Tanganyika and Nyasa, and in 1896 Mr Hobley made
the circuit of the great mountain Elgon, north-east of the Victoria
Nyanza. During the pacification of Uganda various surveys were
executed by British officers. Lake Choga on the Nile between the
Victoria and Albert lakes was explored in 1898 by Captain Kirk-
patrick, a member of Colonel Macdonald’s expedition, while the
leader himself advanced north-west from Mount E^on to the
Latuka country, and Captain Austin went north to Lake Rudolf
and the Omo. In 1899 Mount Kenya was ascended to its summit
by a party including Mr H. J. Mackinder. Lastly, in the region
or the Lower Juba, explorations were made in 1895-96 by Mr C.

H. Craufurd, and in 1899 by Mr A. 0. W. Jenner and Dr "W-
Radford.

In the peninsula of Somaliland, &c., a period of rapid advance,
due chiefly to Italian activity, began about 1890, when Brichetti-
Rohecchi made a journey along the eastern coast from ^
Obbia to beyond Cape Guardafui. In the following

,,

year he went from Mukdishu to Obbia, and thence
crossed through Ogaden to Berbera on the Gulf of
Aden. In the same year Prince Ruspoli made his first journey
southwards from Berbera, while Baudi and Candeo penetrated to

Ime on the Upper Webi, which place was also reached in 1893 by
Captain Swayne. In 1892 Bottego and Grixoni left Berbera and
made their way past Ime to the Upper Juba, which Bottego explored
to its source, both travellers finally making their way vid Logh to
the east coast. Prince Ruspoli in 1893 reached Logh from tbe
north, and, proceeding north-west in search of the Omo, discovered
the Sagan and Lake Abbaya, but was afterwards killed by an
elephant.

^
The next expedition was that of Dr Donaldson Smith,

who, starting from Berbera in 1894, explored tbe bead-streams of

the "Webi, and made his way to the region of Lakes Abbaya,
Stefanie, and Rudolf, ascending the main feeder of the last-named
among the mountains to the north. He eventually reached the*

east coast at Lamu by the east of Lake Rudolf. In 1895 Bottego,
accompanied by Sacohi, Vannutelli, and Citerni, left Brava with
the purpose of finally solving the problem of the Omo, which some
had considered unconnected with Lake Rudolf. Beyond Lake
Abbaya he came upon a larger lake to the north (Pagade or
Margherita) and pushed west through mountainous country to the
Omo, which he succeeded in tracing to Lake Rudolf. After ex-
ploring the west shore of that lake the explorers went north-west
and discovered the head-streams of the Sobat, afterwards ascending
to the Abyssinian highlands, where the leader lost his life during
an attack by the natives. An English expedition under H. S
Cavendish (1896-97) followed somewhat in Bottego’s steps, but
after reaching the south end of Lake Rudolf went south, discover-
ing a new lake in a volcanic region between Rudolf and Baringo.
In 1897 the French traveller, De Bonohamps, traversed the southern
borderlands of Abyssinia and further explored the head-streams of
the Sobat, and about the same time his compatriot, M. Darragon,
went south near the chain of lakes ending in Abbaya. Captain
Wellby, previously known as a Tibetan explorer, took a somewhat
similar route south in 1898-99, but pushed on to Lake Rudolf,
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and crossed a previously unexplored tract ’between the lake and

the Lower Sobat. In 1899 Blundell, Lovat, &c., traversed the dis-

tiicts south of the Blue Nile, while Donaldson Smith crossed from

Berbera to the Nile by Lake Rudolf in 1899-1900.

In North Africa the last decade of the 19th century was

not maiked by great activity. The Sahara was crossed in 1892

from Lake Chad to Tripoli during the latter part of
Sotib Honteil’s journey (to be spoken of later) ; but in spite of
Africa. persevering eltorts ot the Fiench to open a route

from Algeria to the Sudan success was not attained until 1899,

when M. Foureau, who year after year had returned to the task,

succeeded in reaching Zinder, afterwards joining Gentil south of

Lake Chad and returning by the Congo. In the Algerian Sahara

surveys have been executed, partly in connexion with political

movements, by Flamand, Germain, Laperrine, &c. In Southern

Morocco the Tafilet oasis was reached in 1893 by a new route

iicross the Atlas by W. B. Hariis. In the western Sahara, the

attempts of the Spaniards and French to penetrate inland met

with little success until Adrar was reached (1900) by Blanchet.

In the western Sudan the same peiiod was one of great activity

fiom the Senegal to the Lower Niger and Lake Chad. In 1887-89

Captain Binger made a great journey thiough the
Preach Handingo countries to Kong, and thence, after a tour

to the north-east as far as Wagadugu, to the coast of
Africa. Guinea. In 1890-92 Monteil made his way east across

the bend of the Niger to Say, and thence to Lake Chad and

Tiipoli. After the French occupation of Timbuktu surveys in that

region were executed bjr Lieutenants Hourst, Bluzet, &o., and a

system of lakes communicating with the Niger was disclosed. After

Sketch Map of West Africa,

the conquest of Dahomey, Say was reached from that side in 1895
by Decoeur and Toutee, both of whom added to our knowledge of
the Middle Niger, but more important results were obtained by
Hourst, who, leaving Timbuktu in January 1896, descended the
river to the sea in spite of the dangerous rapids. The southern
parts of the French Sudan have since been traversed by Baud,
Alby, Bretonnet, and others, and the interior of the Ivory Coast
and parts of Liberia by Marchand, Hostains, Blondiaux, &c.
East of the Middle Niger the expeditions of Cazemajou, and of
Voulet and Chanoine, have had disastrous results.

In the British colonies, in addition to the work of various bound-
ary commissions, the Gold Coast Hinterland has been penetrated

British and ^ Gambaga and Mosi. The Germans have

German shown great activity in the adjoining Togoland terri-

West interior being explored (1887-93) by Wolf,

Africa
Francois, Kling, Buttner, and others, while in

1894-95 Drs Gruner and Doering pushed north (simul-
taneously with the French expedition of Decoeur) through Gurma
to Say, returning through Borgu, visited shortly "before by Captain
Lugard on behalf of the British Niger Company. East of the Niger
the Benue and districts on each side have been surveyed by
Macdonald (1890), and more recently by Clive, Moseley, Hewby, &c.
Trans-continental journeys not yet spoken of include those of

Yersepuy and De Romans, 1895-96 (Uganda, Lake Albert Edward,

Trans^conm E^.^ia'^^orial forest, Congo)
; A. B. Lloyd, a missionary,

finental
" ^ somewhat similar route) ;

Foa, 1897

ioaram (Nyasaland, Tanganyika, Congo)
;
and Grogan, 1899-

* 1900 (Zambezi, central line of lakes, Nile). By the
Im-named the whole length of the continent from end to end was
for the first time traversed.

The area of land accurately mapped in AMca is probably less
than in any other continent. Although few extensive districts

Mapping of which the general features are not now known,

Africa.
cartography of by far the greater part of the conti-

,

* nent is based merely on route surveys, carried out
uunng more or less rapid journeys, which leave out of considera-
tion the intervening stretches of country. Such route surveys are

to a eeitain extent supplemented by astronomical observations,

which may give fairly correct latitudes, but which are raiely to be
trusted as determining longitudes with close accuiacy.

The countries in which exact topographical work by means of

triangulation has been executed aie veiy few, being limited to

Algeiia and Tunis
;
parts of Egypt and the Italian * . . ^

sphere on the Red Sea
;
the greater part of Cape Colony, f

and some portions of Natal and British South Africa.

Even the results of these suiveys have not yet been published
in full as maps. In Egypt a survey department has lately been
formed, and triangulation is proceeding at a satisfactory rate.

The geodetic survey of Cape Colony is now being extended over

British South Africa, woik having been begun in 1897. It is

hoped to carry the triangulation northwards along the 30th meri-

dian to Lake Tanganyika, and thence with German co-opeiation

to the Nile, and eventually down that liver to Egypt. In Equa-
toiial Africa the most accurate and most valuable triangulation

yet carried out is that of Captain G. E. Smith, R.E., who, while en-

gaged in road-making in British East Africa, executed a survey

between the coast and the Victoria Nyanza, extending from Mounts
Kilimanjaro and Meru in the south to Kenya and Elgon in the

north. In addition to these triangulated areas fairly accurate

surveys have been executed along certain lines, such as international

boundaries and the tracks of railways. Among the former are the

Anglo-German boundaries in East Africa Irom the coast to

KRimanjaio and on the Nyasa-Tanganyika plateau
;
the region of

the Anglo -Portuguese boundary in South-East Africa; and the

Anglo-French boundary behind Sierra Leone
;

while^ the most
extensive rail-way survey, apait from the older colonies, is that

from the east coast to the Victoria Nyanza.
The mapping of other parts of the continent on the basis of

route surveys and astronomical observatioos is of very varying

quality. Of large-scale maps of separate European ^
possessions the best have been supplied by the Germans, ^a „
who have undertaken a complete map of German East

®

Africa on the scale of The southern part of ®

Togoland has been mapped by P. Sprigade on the scale

and the northern, with adjoining areas, on that of iDoioo ir.

Maps of all the German possessions on the scale of are

given in Langhans’ Colonial Atlas, and the whole aiea ot the Congo
State has been shown on the same scale by M. Wauters in the
Mouvement GiograpMqwe. The best maps dealing with the whole
continent are those of the French “Service geographique de
Tarmee,” on the scale of -sTru-^Tr > and of Habenicht, issued by
the German filrm of Perthes, on that of -unrhinru- A movement
for the better mapping of Africa was set on foot in 1895 -

by General E. F. Chapman, who brought the subject

before the International Geographical Congress, which
met that year in London. It was suggested that good results

would follow from the mapping by travellers of areas rather than
routes, and from the accurate determination of certain points in

the unsurveyed portions to form a framework for the whole. For
the latter object the numerous lines of telegraph now being laid

down will afford great facilities, and something has already been
done towards obtaining accurate longitudes by such means. The
following were determined in this way in 1898-99 :

—

Point Fixed. Observers. Method. Longitude.

Bulawayo Signals exchanged i u

Umtali Capt. Watherstone
with Cape Town Not published

32 40 18 E.
Telegraph clearing

1' 6" west of
Anglo-German
Boundary Com-

34 16 54 E.

NlcataB., Nyasa
Omdurman

mission
Col. Talbot, Major Signals exchanged 32 29 42*5 E.

(Khalifa’s ho.) Austin, Capt.
Lyons

Col. Talbot, Major

with Cairo

Goz Abu Guma Signals exchanged 32 41 37*5 E.
(White Nile)

Wad Medam (Blue
Austin

Lieuts. Gwynn and
with Omdurman

38 31 36*5

Nile)
Roseires

Jackson
34 24 51

Trade and Communications.

Apart from the north and south temperate regions

the commercial intercourse of Africa with the rest of the

world has, for the size of the corrtinent, remained

until the present day of quite insignificant pro-

portions. In addition to slaves, which have

been furnished by the continent from the earliest times, a

certain amount of gold and ivory has long been exported

from the tropical regions, but no other product has

supplied the material for a flourishing trade with those

1 The first accurate large-scale map of East Africa as a whole was

compiled by Mr Ravenstein for the R.G.S. (1882).
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parts. This was due not so much to the poverty of the

country in natural resources, as to special circumstances

which likewise caused so large a part of the continent

to remain a terra incognita down to the 19th cen-

tury. The principal drawbacks may be summarized as :

—

(1) Absence of means of communication with the interior

;

(2) the unhealthiness of the coast lands; (3) the small

productive activity of the natives
; (4) the effects of the

slave trade in discouraging legitimate commerce. Of

these the first and last are not necessarily permanent,

while the third can be remedied by the introduction of

Europeans as supervisors, and possibly of other races as

Jabourers.

I C A. [products

The resources of Africa may be considered under the

head of—(1) jungle products; (2) cultivated products;
(3)

animal products; (4) minerals. Of
first-named the most important are india-rubber

and palm-oil, which in tropical Africa supply by far the

largest items in the export list. The rubber-producing

plants are found throughout the whole tropical

belt, and the most important are creepers of the

order ApocyrwLcecB^ especially various species of

Lavdolphia (with which genus Yahea is now united).

In East Africa Landolphia kirhii (Dyer) supplies by far

the largest amount, though at least four other species

are known. Forms of apparently wider distribution are

L, heudelotii, which is found in the Bahr-el-Ghazal, and
extends right across the continent to Senegambia

; and X.

(formerly Vahea) comorends, which, including its variety

i. florid, has the widest distribution of all the species,

occurring in Upper and Lower Guinea, the whole of

Central Africa, the east coast, the Comoro Islands and
Madagascar. In Lagos and Cameroon much rubber is

produced by a large apocynaceous tree, Kichda africana,

and in West Africa generally by various species of Ficus,

some promising species of which are also found in East
Africa. The rubber produced is somewhat inferior to that
of South America, but this is largely due to careless

methods of preparation, The great destruction of vines

brought about by native methods of collection has already
much reduced the supply in some districts, and renders it

precarious everywhere, unless some means are taken to

cultivate the rubber -yielding plants. This has already

been attempted in Cameroon and elsewhere. Experi-

ments have been made in the introduction of South
American rubber plants, but opinions differ as to the

prospects of success, as the plants in question seem to

demand very definite conditions of soil and climate. For
cultivation the Ficus indica is said to be a favourable tree,

but possibly some endemic species of Ficus might prove

equally valuable. The second product, palm-oil, is at

present derived from a much more limited area, for

although the oil palm is found throughout the greater

part of West Africa, from 10"* K to 10° S., the great bulk
of the export comes from the coast districts at the head of

the Gulf of Guinea. A larger supply would certainly be
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available, but with the risk of over-production and lower

prices it is doubtful whether an increased export would

be profitable. A third valuable product, but one which

has not yet been made use of as it might be, is the timber

supplied by the forest regions, principally in West Africa.

It includes African teak or oak (Oldfieldia africana\

excellent for shipbuilding ;
the durable odum of the Gold

Coast {GhloropTiora excelsa); African mahogany {EMya
senegalensis)] QhoTxj {Diospyros ehenum) \

camwood (Baphia

nitida)] and many other ornamental and dye woods.

Some development of the timber industry has lately taken

place on the Gold Coast, whence timber was exported in

1898 to the value of J81 10,000. Valuable timber grows

too in South Africa, including the yellow wood (Podo-

carpus\ stinkwood {Ocotea), sneezewood or Cape ebony

{Evd€a\ and ironwood. Other vegetable products of im-

portance are :—Gum arabic, obtained from various species

of acacia (especially A. Senegal)^ the chief supplies of which

are obtained from Senegambia and the steppe regions of

north Africa; gum copal, a valuable resin produced by

trees of the leguminous order, the best, known as Zanzibar

or Mozambique copal, coming from the East African

Tro/ohylohivm horne7nannianm}%^ and also found in a fossil

state under the soil
;
kola nuts, produced chiefly in the

coast lands of Upper Guinea by a tree of the order

StercidiaceoB {Kola acuminata)
;

archil or orchilla, a dye-

yielding lichen {Eoccella tinctoria and triciformis) growing

on trees and rocks in East Africa, the Congo basin, &c.

;

cork, the bark of the cork oak, which flourishes in Algeria

;

and alfa, a grass used in paper manufacture {Machrochloa

UTta^sirrho)^ grovdng in great abundance on the dry

steppes of Algeria, Tripoli, <fec. A product to which

attention has been paid of late in Angola is the Almeidina

gum or resin, derived from the juice of Euphorbia tirucalli.

The cultivated products include those of the tropical

and warm temperate zones. Of the former, coffee is per-

haps the most valuable indigenous plant. It

grows wild in many parts, the home of one
^

*
species being in the Galla countries south of

Abyssinia, and of another in Liberia. Cultivation is,

however, necessary to ensure the best results, and attention

has of late years been given to this in various European
colonies. From Angola the export in 1897 reached a
value of ,£175,000, but of this a large proportion was the

produce of wild trees. Still more is this the case with the

exports from Harrar and Abyssinia, the amount of which
passing through the ports of British Somaliland reached a
total of £119,000 worth in 1898-99. Encouraging results

have been obtained in Nyasaland, which in 1898 exported
coffee to the value of over £23,000, although the planta-

tions are still in their infancy. Plantations have also been
started in German East Africa, Cameroon, the Congo Free
State, (fee.

Copra, the produce of the cocoa-nut palm, is supplied
chiefly by Zanzibar and neighbouring parts of the east

coast,
^

Ground-nuts, produced by the leguminous plant
Arachis hypogeea^ are grown chiefly in West Africa, and
the largest export is from Senegal and the Gambia

;
while

Bambarra ground-nuts {Voandzeia suhterranecC) are very
generaUy cultivated from Guinea to Natal. Cloves are
extensively grown on Zanzibar and Pemba islands, of
which they are the staple products. The chief drawbacks
to the industry are the fluctuations of the yield of the
trees, and the risk of over-production in good seasons.
Cotton, which grows wild in many parts of tropical Africa,
is exported in small quantities in the raw state from
Angola and elsewhere; but the main export is from Egypt,
"which comes third among the world's sources of supply of
the article. Sugar, which is the staple crop of Mauritius,

in a lesser degree of Eeunion, is also produced in

Natal, Egypt, and, to a certain extent, in Mozambique.
Dates are grown in Tunis and the Saharan oases, especially

Tafilet
; maize in Egypt, South Africa, and parts of the

tropical zone; wheat in Egypt, Algeria, and the higher
regions of Abyssinia; rice in Madagascar. Wine is

largely exported from Algeria, and in a much smaller
quantity from Cape Colony; fruit and vegetables from
Algeria. Tobacco is vddely grovm, on a small scale, but,

except perhaps from Algeria, has not yet become an
important article of export, though experimental planta-

tions have been tried in various tropical colonies. Cacao
and tea have also been tried in some of these, but their

cultivation has hardly advanced beyond the experi-

mental stage. The most promising cacao plantations are
along the coast of Cameroon, whence the product was
exported in 1898 to the value of £15,000. Indigo,

though not originally an African product, has become
naturalized and grows wild in many parts, while it is

also cultivated on a small scale, but is not likely to

become an important article of export. The main diffi-

culty in the way of tropical cultivation is the labour

question
; but some races, such as the Angoni of Nyasa-

land, have proved good workers, while the introduction of

Indian coohes is regarded in some quarters as the solution

of the difficulty.

For the study of economic botany, and the development
of tropical cultivation, botanical gardens have been estab-

lished in many of the European possessions, including the

Gold Coast, Lagos, Sierra Leone, Old Calabar, Cameroon,
British Central Africa, Uganda, and German East Africa.

Of animal products one of the most important at

present is ivory, the largest export of which is from the

Congo Free State. The iminution in the number
of elephants with the opening up of the remoter
districts must in time cause a falling -off in this

export. Beeswax is obtained from various parts of the

interior of West Africa, and from Madagascar. Eaw
hides are exported in large quantities from South Africa,

as are also the wool and hair of the merino sheep and
Angora goat. Both hides and wool are also exported

from Algeria and Morocco, and hides from Somaliland.

Ostrich feathers are produced chiefly by the ostrich farms

of Cape Colony, but some are also obtained from the

steppes to the north of the Central Sudan. Live stock,

principally sheep, is exported from Algeria and cattle

from Morocco,

The hitherto exploited minerals of Africa are confined

to a few districts only, the resources of the continent in

this respect being largely undeveloped. Since

the discovery of gold in the Transvaal, parti-

cularly in the district known as the Eand (1885), the

output has grown enormously, until in 1898 it reached

a value of over 15 millions sterling. The gold-yield-

ing formations extend northwards through Mashonaland,

wMch may produce a large amount in the future, and
deposits may possibly be discovered in various parts of

tropical Africa where ancient schistose rocks occur. In

the Galla countries gold has long been an article of native

commerce, and on the Gold Coast of European also.

Copper is found in the west of Cape Colony, in German
South-West Africa, and in the Garenganze or Katanga
country in the southern Congo basin, where it has long

been exploited by the natives. It also occurs in Morocco,

Algeria, Darfur, <fec. Iron occurs in Morocco and Algeria

(some being exported from the latter), and is widely

difiPused, and worked by the natives, in the tropical zone.

But the deposits are generally not rich, and European

iron already competes with the native supply. Coal is

I

worked, principally for home consumption, in Cape Colony,

! Natal, and Orange Biver Colony, and has lately been dis-
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covered in workable deposits in tbe German territory north

of Lake Nyasa, Diamonds are found in large quantities in

a series of beds known as the Kimberley shales, the prin-

cipal mines being at Kimberley, in the north of Cape

Colony. Phosphates are exported to some extent from

Algeria. Of other minerals which occur, but are little

worked, zinc, lead, and antimony are found in Algeria,

lead and manganese in Cape Colony, plumbago in Sierra

Leone.

Of the natural resources here enumerated those from

which a future increase of trade may be expected are prob-

ably the plantation products, the cultivation of
Futars which is still in an experimental stage. For

such a development, however, the solution of

the labour problem and the provision of ade-

quate means of transport (to be spoken of later) are

indispensable conditions. The country which under a

civilized Government would perhaps give the greatest

scope for development is Morocco, both the soil and climate

of which are exceptionally favourable, while the mineral

resources are also considerable. British South Africa, too.

contains many valuable minerals besides gold, which will

no doubt in time be exploited.

The imports from foreign countries into Africa consist chiefly of

manufactured goods, varying in character according to the amount
. . of settlement by Europeans. In Algeria and South
imports.

Africa they include most of the necessaries and luxuries

of civilized life, manufactured cotton and woollen goods, especially

the former, taking the first place, but various food stuffs, metal
goods, coal, and miscellaneous articles being also included. In
tropical Africa, and generally where few Europeans have settled,

the great bulk of the imports consists as a rule of cotton goods,

the only articles for which there is much native demand. This

absence of a large demand for European goods is in fact a great

obstacle to trade with Central Africa, but with the gradual advance

in cMization it may in time be removed. Perhaps the most pro-

mising field in this respect is to be found in the populous and
comparatively civilized countries of the Central Sudan, reached

from the Lower Mger.
The following tables show, so far as statistics are available,

the total imports and exports of the various countries for 1898,

and also the chief sources of supply of the principal African

commodities. Any estimate, based on these figures, either of the
total commerce of Africa, or even of the external trade, can only be
very vague. Ko figures are given for inland countries, partly for

want of statistics, and partly because the transit trade to and from
these already appears under the countries through which it passes.

In estimating the total external trade, the special trade only of

Zanzibar must be included, as the remainder appears under the

countries of the opposite mainland. But in the case of Portuguese
East Africa the general trade may be taken, as no figures are

given for the adjoining inland countries. A certain amount of

local trade between contiguous countries, as, e,g., between Lagos
and Dahomey, is of necessity included, but this is possibly not
more than enough to balance the absence of figures for certain other

countries. The totals thus obtained are :—Imports, £66,828,000 ;

exports, £67,675,000 ;
total, £134,503,000. In 1896 an estimate,

probably based on the statistics for 1894-95, gave the grand total

as roughly £100,000,000. The increase in about four years would
thus be 34 per cent.

N'o continent has in the past been so backward in .respect of
means of communication as Africa, and it was only in the last

C mmuni^ ^ke 19th century that decided steps were

cations.
" remedy these defects. The African rivers,

with the exception of the Middle Congo and its

affluents, are generally unfavourable to navigation, and through-

Natlve
tropical region almost the sole routes have been

trade
iiative footpaths, admitting the passage of a single file

routes.
porters, on whose heads all goods have been carried

from place to place. Certain of these native trade
routes are, however, much frequented, and lead for hundreds of
miles from the coast to the interior. In the desert regions of the
north transport is by caravans of camels, and in the south ox-
waggons have, until quite mcently, supj)li^ the general means of
locomotion. On the east side the principal termini of the native
trade routes are : Suakin, for the Egyptian Sudan ; Massawa, for
Abyssinia

; Zeila and Berbera, for the Somali and Cklla countries

;

Mombasa and Pangani, for the Masai countries, &c.
j
Bagamoyo,

for the Victoria Nyanza (sbnth), Tanganyika, and Nyasa (nortn),
and for the countries west of Tan^yoka

; Kilwa, Lindi, Mozam-
bique, and Quilimane for Southern1^‘yasa and the countries beyond.

African Trade, 1898.

(Values in thousands of pounds sterling.)

Country. Imports.
Per

Cent,

from

Great

Britain. Exports.
Per

Cent,

to

Gieat

Biltain.

Total
Trade.

British Colonies, &c.
Egypt .... 10,765*3 41-1 12,100-1 73-2 22,855-4

Souiah Coast ^ 880'2 404’7 . . 784-9

Zanzibar, special trade 200-01 225-01 425-01

„ general „ 1,555-1 7-8 1,497-9 7-6 3,053-0

British East Africa 296*9 72-4 369-3

British Central Africa. 108-4 38-0 .

.

146-4

Mauritius . 2,877-6 1*8-9 2,913-9 3-7 5,791-5

Natal .... 5,369-72 69-8 1,263-33 68-2 6,638-0

Cape Colony 16,682*44 68-9 25,318-75 98-1 42,001-1

Niger Coast Protector-
ate .... 639-7 79 750*2 66-3 1,389-9

Niger Territory (1893)

.

160-0
79-7

405*9 .. 565-9

Lagos .... 908-4 882*3 45-8 1,790-7

Gold Coast . 960-3 75-6 993-0 71-9 1,953*3

Sierra Leone 606-3 84-5 291-0 40-5 897-3

Gambia 246-1 37-1 247-8 21*9 493-9

French Colonies, &c. :

—

French Somah Coast .

Madagascar . 857-1

46
196-4 15-7 6 1,053-5

Reunion 790-6 6 761-1 *1 1,551-7

French Congo 190-0 173-8 363-8

Dahomey 395-8 13-17 298-6 (Lagos,
88*6)7
48-07

694-4

Ivory Coast

.

185-9 67-47 186-8 372*7

French Guinea . 360-8 67-78 312*0 77-48 672-8

Senegal 1,313-1

11,076*1

22-3 1,154-3 2-3 2,467*4
i

Algeria (1897) 2*5 11,829-1 5-6 22,905*2

Tunis .... 2,140*8 18*9 1,767-9 13-1 3,908 7 ,

German Colonies, &c.
German East Africa . 807-3 •89 295*1 2-2 9 1,102-4

German South-West
Africa 287*5 2*610 44-9 79-6 832-4

Cameroon . 521 -31 16-8
252-1 773*4

Togoland 148*5/ 98-8 247*3

Portuguese Colonies
Port. E. Africa, special

trade 1,905-2 179-7 2,084-9

Port. E. Africa, general
trade 3,851-913 554-512 4,406-4

Angola.... 860-0 24-5 1,185-5 ,, 1,995-5

Portuguese Guinea
Italian Colonies :

—

Eritrea....
Italian Somaliland 182-3 111*9 294-2

Congo Free State . 1,007-4 14-9 1,015*9 ’l’*2 2,023-8

Liberia ....
Morocco iS 1 276-014 61-515 1,179*0 14 26-315 2,455-014

Tripoli .... 1
385-4

1

34-0 401-5 39-1 786-9

Articles of Export, 1898.

Articles.

Eubber

Palm-oil and kernels.

Gum arable

Gum copal

Kola nuts.

Copra
Timber .

Cork wood
Bamboos and reeds .

Vegetable horsehair ,

Alfa....

Sources of Supply, with Values in
Thousands of Pounds Sterling,

Angola (887*3)
;
Congo Free State (634*0)

;

Gold Coast (551*7) ;
Lagos (285*4)

;
French

Guinea (237*6)
;
Cameroon (94*5).

Mger Coast (705*7); Lagos (459*9); Gold
Coast (180*7) ;

Cameroon (110*7).

Senegal.

Zanzibar (26*7) ;
French Guinea (10*7).

Sierra Leone
;
Gold Coast (35*7).

Zanzibar (105*1).

Gold Coast (110*3).

Algeria (239*3).

Algeria (246*7).

Algeria (155*5).^®

Tunis (72*7); Tripoli (72*0) ;
Algeria (20*l).i«

1 Estimated.
2 Including goods in transit to interior, 938*6.
® Including gold from South African States, 40*6.
^ Including goods in transit, 4581 *0.

® Including gold from South African States, 15,394*4.
® 26*5 and 42*8 respectively in 1896.
^ Percentages in 1896.
® Including imports from and exports to Sierra Leone.
® Percentages from and to Zanzibar=59*2 and 74*2.

Percentage from Cape Colony=13*8.
^ Including goods in transit to Transvaal, 1770*1 : to Mashona-

land, 176*6.
12 Including exports from Transvaal, 368*9

; from Mashonaland,
5*9.

^ Ports of Tangier, Tetuan, Laraiche, Dar el Baida, Eabat, Mazagan,
Saffl, and Mogador.

Including estimate of 250*0 imports and 250*0 exports at

Mogador.
Excluding Mogador

; from and to Great Britain and Gibraltar.
In 1897.
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Articles.

Coffee

Cacao

Sugar

Wines
Cloves

Vanilla

Dates
Ground-nuts

Oil seeds (sesaim

Beans
Almonds ,

Table fruit

Olive oil .

Cotton

Tobacco .

um)

Aloe fibre

.

Ivory

Ostrich feathers

Wool and hair .

Hides and skins

Sponges

wax

Gold
Diamonds

.

Copper ore

Iron ore, &c.

Phosphates

Sources of Supply, -with. Values in
Thousands of Pounds Sterling.

. Angola (175*1)
;
Harrar, &c., via Somali

Coast (119*2)
;
Brit. Cent. Africa (23*8).

. Cameroon (15*3).

. Mauritius (2472*8) ; Egypt (557*3); Heunion
(354*1) ;

Hatal (18*2).

. Algeria (5455*4) Cape Colony (15*1),

. Zanzibar (143*7).

. Reunion (275*4)
;
Mauritius (14*0).

. Tunis (48*9).

. Senegal (Cir. 330*0) ; Gambia (200*3).

. Mozambique Coast.

. Egypt (347*5).

. Morocco (63*6).

. Algeria (156*8).^

. Tunis (121*8).

. Egypt (8659*8).

. Algeria (manufactured, 466*1 leaf, 215*7).^

. Algeria (813*7).^

. Mauritius (42*7).

. Congo Free State (240*5); Zanzibar (112*9);

Cameroon (29*3) ;
Somali Coast (24*1)

;

French Congo.

. Cape Colony (748*6) ;
Tripoli (70*0).

. Cape Colony (2444*3) ; Katal (602*0)

;

Algeria (404*3) Morocco (188*1).^

. Cape Colony (548*5); Morocco (281*8);^

hTatal (184*9); Algeria (233*8);^ Somali
Coast (157*3).

. Tripoli (72*0).

. Angola (57*6) Morocco (31 *3).^

. Morocco (75*1).®

. Transvaal (15,695*1)
;
Gold Coast (63*8).

. Cape Colony (4566*9).

Cape Colony (262*8).

. Algeria (160 *3).^

. Algeria (389*1).^

On the west side there are fewer important native routes, the dense

forests of Guinea proving a barrier to intercourse, while the Central

Sudan states have in the past communicated rather mth the north

across the Sahara than with the shores of the Atlantic! In Sene-

gambia the most frequented routes have long been those up the
Senegal and Gambia rivers. In Upper Guinea the chief are those

leading north from the Gold Coast, Togoland, and Dahomey ports

to the interior markets of Yendi, Sansanne Mangu, and Sansan
Hausa on the Niger, ^ and from Lagos to the Niger and Sokoto.

South of the equator the principal long-established routes are

those from St Paul de Loanoa to the Lunda and Baluba countries

;

from Ben^ela vid Bihe to Urua and the Upper Zambezi, and from
Mossamedes across the Kunene to the Upper Zambezi. In South
Africa the ox-waggon routes, now partially superseded, made for

LakeNgami, the Middle Zambezi, and Matabeleland fromWalfisch
Bay and the middle course of the Orange river, while others tra-

versed the Orange River Colony and Transvaal to the Limpopo
and beyond. In the north the principal caravan routes across the
Sahara lead from different points in Morocco and Algeria to

Timbuktu ; from Tripoli to Timbuktu, Kano, and other great marts
of the Central Sudan

;
from Bengazi to "Wadai : that from Siut on

the Nile through the great oasis and the Libyan desert to Darfur,

&c., has been disused of late. Important routes also traverse the
Sudan states from west to east, and proceed south to Adamawa
from the* commercial centres of the Hausa countries.

Some of these native routes are now being superseded by the
improved communications introduced by Europeans in the utiliza-

Recent im» waterways and the construction of roads and

prove-
* railways. Steamers have been conveyed overland in

meatL sections and launched on the interior waterways above
the obstructions to navigation. On the Upper Nile

and Albert Nyanza their introduction was due to Sir S. Baker and

Steamers, Gordon (1871-76) ; on the Middle Congo and
its affluents to Sir H. M. Stanley and the officials of

the Congo Free State, as well as to the Baptist missionaries on
the river

; and on Lake Nyasa to the supporters of the Scottishi
mission. comparative freedom from obstruction between the
sea and this lake has led to the introduction on it and on the
rivers leading to it of a flotilla of steamers (including gunboats
belonging to the British Navy) by which—apart from a short
mterval broken by rapids on the Shir4—water communication is
supplied from the sea to the north end of the lake, beyond which
the Stevenson road affords easy communication with Tanganyika.

^ In 1897.
® Exclusive of export from Mogador.

.

former trade centres, Kong, Salaga, and Say, have lately lost
tceir importance.

Here a steamer is being built by a British company, while a small
vessel was launched on Lake Mweru in 1900. The Germans have
also a steamer on Nyasa, and in 1900 another was launched on
Tanganyika, where a British sailing vessel had already plied for
some years. A river steamer has been placed by the Germans
on the Rufiji. A small vessel was launched on the Victoria
Nyanza in 1896 by a British mercantile firm, and a larger Govern-
ment steamer made its first trip in November 1900. On the Niger
and Benue, where navigation is open from the sea for a consider-
able distance into the interior, steamers have plied for many years,
while the French have placed steamers on the navigable portion of
the upper river. The middle course of the river is only just
navigable for part of the year. A small steamer for the navigation
of the Shari and Lake Chad was taken out by the Gentil expedi-
tion, by way of the Congo, in 1896-97.
Roads suitable for wheeled traffic, even of the most primitive

kind, are stiH few. The first attempt at road-making in Central
Africa on a large scale was that of Sir F. Buxton and „ -

Mr (afterwards Sir W. ) Mackinnon, who completed the
^oaas,

first section of a track leading into the interior from Dar-es-Salaam
(1879). A still more important undertaking was the road, begun
in 1881, from the head of Lake Nyasa to the south end of Tangan-
yika, constructed mainly at the expense of Mr James Stevenson,
which forms a link in the “Lakes route” into the heart of the
continent. In British East Africa a road was made from Mombasa
to Kibwezi under the auspices of the British East Africa Company,
and afterwards continued for the British Government by Captains
Sclater and Smith to Port Yiotoria on the Victoria Nyanza. From
Kiknyn it descends to the great rift-valley, on the farther side of

which it ascends the Man Escarpment near the Eldoma ravine.

The continuation, 400 nules long, was begun in 1895 and completed
in about two years at a cost of some £17, 000. In German East
Africa the caravan track to Tanganyika has recently been much
improved and other roads made, generally with a width of 6 to 6

metres, while transport by means of mule carts has been initiated.

In Cameroon a road has been made from Victoria northwards
to Buea, and others are contemplated. In Madagascar a road 5

metres broad, macadamized to a width of 3 metres, was under con-
struction in 1900 between Antananarivo and the coast at Ande-
vorante, between which place and Tamatave communication is

maintained both by a snore road and by the line of lagoons.

Farther north the construction of a road from the capital to

Mevetanana, whence water transport is available to Majunga, was
begun in 1897.
Although still occupying a low place among the continents

;
in the matter of railway communication, Africa was during the
last decade of the 19th century the scene of an im-
portant development in that direction. In 1890 ^ ‘

African railways were almost entirely confined to the extreme north
and south (Egypt, Algeria, Cape Colony, and Natal)

; position
while apart from short lines in Senegal, Angola, and at .

Loiiren90 Marques, the rest of the continent was wholly
without a railway system. In Egypt the Alexandria and Cairo

rafiway dates from 1855, while in 1877 the lines open reached

about 1100 milesj and in 1890, in addition to the lines traversing

the delta, the Nile had been ascended to Assiiit. In Algeria the

construction of an inter-provincial railway was decreed in 1857,

but was still incomplete twenty years later, when the total length

of the lines open hardly exceeded 300 miles. Before 1890 an ex-

tension to Tunis had been opened, while the Atlas had been reached

by the lines to Ain Sefra in the west and Biskra in the east. In
Senegal the railway from Dakar to St Louis had been commenced
and completed during the ’eighties, while the first section of the

Senegal-Niger railway, that from Kayes to Bafulabe, was also con-

structed during the same decade. In Angola a line from Loanda
towards the interior, bearing the ambitious title “ Royal Trans-

African Railway,” had been opened for a short distance before 1890.

In Cape Colony, where in about 1880 the railways were limited

to the neighbourhood of Cape Town, Port Elizabeth, and East
London, the next decade saw the completion of the trunk-line from
Cape Town to Kimberley, with a junction at De Aar with that

from Port Elizabeth, as well as of the lines from Port Elizabeth

to Graaf Reinet, and from East London to Burghersdorp, The
northern frontier had, however, nowhere been crossed. In Natal,

also, the main line had not advanced beyond Ladysmith. In the

neighbouring Portuguese territory the line from Louren^o Marques
towards the Transvaal, commenced in 1887, had not quite reached

the frontier when seized by the Portuguese authorities in 1889.

Within the Tbransvaal the railway to Pretoria was, however, imder
construction.

Recent railway development was inaugurated by the scheme for

the Congo railway, connecting the navigable portions of the upper

and lower river, operations on which had been begun
ftecent

before 1890, but which was not opened throughout until
aeveiop--

July 1898. A little later the Angola railway wm ments,
opened as far as Ambaca, while its extension to Malanje

has been decided upon. In East Equatorial Africa a beginning

S. L— l8
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ivas made by the construction, within the German sphere, of a

short line from Tanga towards Usambara
;
but in spite of many

schemes for a trunk line to the great lakes, no decided action

had yet been taken in 1901, the necessary credits for the expenses

of a line from Dar-es-Salaam to Tanganyika, with a branch to the

Victoria Nyanza, having been refused. In British East Africa a

survey for a railway to the Victoria Kyanza was carried out in

1892, and the first rail laid in 1896. The route adopted, after

traversing Kikuyu, drops down to the rift-valley by a steep and

difficult descent, afterwards climbing the Man Escarpment to Port

Florence on Kavirondo Bay. In April 1901, 488 miles had been

completed out of a total of 582. In French Somaliland a railway

is under construction from Jibuti to Harrar, with the object of

tapping the trade of Abyssinia. In British Central Africa a

scheme has been set on foot for a railway past the rapids of the

Shir^. In South Africa the Cape trunk-line has been continued

Mafeking to Bulawayo, which was reached in 1897, while a

line from Beira to Salisbury, commenced in 1891, was completed in

1899. The iN’atal and Cape railways have been continued north

to the Transvaal (the latter traversing the whole length of Orange
River Colony), meeting the completed Lourengo Marques railway

at Pretoria. Other lines have also been constructed or commenced
both in the Transvaal and Orange River Colony. In 1899 a northern

extension of the Bulawayo railway, towards the Zambezi, was
commenced as a section of a great scheme for a railway from end
to end of the continent, passing through German East Africa and
Uganda to Cairo ; while another step towards the realization of

the project was taken in the same year by the completion of

the Nile railway to Khartum. Pending a possible extension to

the Upper Nile, steam communication by river in that direction

was opened by the cutting of the sxLdd^ or grass barrier, early

in 1900 by Major Peake. Another Egyptian railway which
is probably only a question of time is one from Suakin to

Berber or Kassala. Farther south a short line has been open for

some years at Massawa. In Algeria an extension of the western
railway was opened to Jenien-bu-Resg at the beginning of 1900,
while the much - discussed project of a line or lines across

the Sahara to Timbuktu and Lake Chad has again come into

prominence. In French "West Africa the construction of a line

from Konakri to the Upper Niger has been commenced, while work
on the Senegal-Niger line has been continued. On the Ivory Coast
the survey for a proposed railway towards the interior was com-
pleted in 1899, and in Dahomey a line from Kotonu to the Niger,
by a route passing through Carnotville and Nikki, has been begun.
In French Congo, although the need of a line to Brazzaville on
Stanley Pool is acknowledged, little progress towards a realization

of the project has been made. In the British "West African
colonies lines have since 1896 been under construction in Sierra

Leone, the Gold Coast, and Lagos. In the Congo Free State a
short railway to Mayumbe, north of the lower river, is being con-
structed, and lines are proposed from Stanley Falls to Albert
Nyanza and Tanganyika. Finally, in Madagascar, the credits tor

a line from Tamatave to the capital were voted early in 1900.
The telegraphic system of Africa is on the whole older than that

of the railways, the newer European possessions having in most
- - cases been provided with telegraph lines before railway
® 1 projects had been set on foot. In Algeria, Egypt, and^ ^ *

Cape Colony the systems date back to the middle of
the 19th century, before the end of which the lines had in each
country reached some thousands of miles. In tropical Africa the
systems of French West Africa, where the line from Dakar to St
Louis was begun in 1862, are the most fully developed, lines having
been carried from four different points on the coast of Senegal and
French Guinea towards the Niger, the main line being prolonged
north-west to Timbuktu, an(f west and south to the coast of
Dahomey ; while other lines are either open, being constructed, or
projected, including one connecting the Ivory Coast with the
general system. In French Congo, also, a line connects Brazzaville
with the coast at Loango, whence it runs northwards to Libre-
ville, Most of the European colonies and protectorates have lines
of more or less length, but the most important is that initiated by
Mr Cecil Rhodes, which, starting northwards from the Cape, is
destined before long to connect the north and south extremities
of the continent. It crosses the Zambezi to Lake Nyasa, beyond
which it has already passed the south end of Tanganyika, while
from the north the Egyptian lines have been prolonged beyond
Khartum to the Upper Nile. A line from the east coast, which
will eventually connect with the Cape to Cairo Hue in Uganda,
has been carried through British East Africa in advance of the
railway, reaching the Nile at Ripen Falls in February 1900. Con-
siderable progress has been made with a line which will cross the
whole width of the Congo Free State to Lake Tanganyika, where
it may eventually be connected with the German line from Dar-es-
Salaam to the lake.
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des Possessions, doc. Brussels, 1898.—Johnston. A History of the
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II. Ethnology.

That Africa has been continuously occupied hy two
distinct branches of mankind— the Caucasic and the

Ethiopia—from the remotest times,, seems evident both
from the remains of primitive man which have been found
wherever they have been sought, and from the ethnical

relations that have prevailed throughout the historic period.

The remains—^that is, rude and polished flints and other

implements dating from the Old and New Stone Ages

—

have in recent years been brought to light in great abund-
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ance in the extreme north, and south, and in several inter-

mediate places, under conditions which leave no doubt

that the whole area was peopled since the early Pleistocene,

if not even the late Pliocene, epoch. Thus, in Egypt

Professor Flinders Petrie has collected large quantities of

Palfieoliths on the limestone Abydos plateau, 1400 feet

above the present Nile level, and others embedded in the

ancient gravels of the former High Nile, when the main

stream still rolled down fifty times its present volume. In

the same region of Upper Egypt M. J. de Morgan has

identified four stations where primitive man worked his

rude weapons, and where Oppert finds indications of a

thoroughly established social and political organization in

the New Stone Age, some 12,000 years before the new

era* In Tunisia M. A. Dumont found flints in abundance

under limestone beds deposited by a river which has since

disappeared, and declares that the origin of man in Mauri-

tania must be set back to an age which deranges aU

chronology and confounds the very fables of the mytho-

logies. The same inference is drawn by Sir John Evans

from the results of Mr Seton Karr’s researches in Somali-

land, while the "wide range of early man is further attested

by the objects recovered by Sir K. Burton in Upper Guinea,

and by W. D. Gooch and J. Sanderson in Cape Colony

and Natal.

All the works of the Old Stone Age present, wherever found, a

striking resemblance in their appearance, form, and method of pro-

duction, implying that they date from an age when all the in-

habitants of Africa were still of one type and stood at the same

low stage of culture. They appear to have migrated westwards

from Indo-Malaysia, probable cradle of mankind, in two streams,

one by the not yet submerged or but partly submerged Indo-

African continent, now flooded by the Indian Ocean
;
the other, by

the overland Asiatic route, which was also followed by the large

partly evtinct and partly surviving Pliocene and Pleistocene mam-
malian fauna.

In their new homes these two groups, originally of the same
generalized proto -human Pleistocene type, gradually became
specialized under the influence of the difierent physical environ-

ments—relatively hot and dry in the north, hot and moist in the

south. Thus may well have arisen on African soil the two^ now
highly specialized divisions of mankind which share the continent

between them, although the process of specialization may have
been, and probably was, already in progress before their arrival.

It now becomes easy to understand how what are accepted as the

highest and the lowest sections of the human family are found
occupying conterminous domains since prehistoric times, the
southern stream being still represented by the Negro or black
populations of Sudan and thence southwards to the extremily of

the continent, the northern by the Caucasic or white populations
of the Sahara, and thence northwards and westwards into Europe
and Asia. We also see how unnecessary it is with a former school

of anthropologists to derive the whites from their black neighbours,
or, a still more difficult process, the blacks from the whites. Both
have been evolved independently in their present respective

haHtatSj where they may therefore be regarded as aborigines in
the strict sense of tne term.
But the two ethnical zones are nowhere separated by any marked

mountain barriers except in the eastern (Abyssinian) highlands, or
even by ^eat marine or desert spaces, such as would be impassable
by primitive man, for we now know that at all events since the
early Tertiary epoch the Sahara has been dry, and, till later times,
even habitable laud, and not, as formerly supposed, a marine
basin. Hence there have been constant and continuous over-
lappings and interminglings all along the ethnical divide, and as
the large fauna—elephant, hippopotamus, giraffe, lion, hysena,
ostrich—^range over the whole continent, so the dark Sudanese
peoples have encroached at various points—^Tibesti Range, Nile
valley, &c.—on the Caucasic domain, while the Caucasians have
to a far larger extent penetrated into the Negro zone, reaching
especially on the eastern seaboard to the southern limits of the
mainland.

These diverse secular blends have resulted in a multitude of
^nsitional forms between the two primeval stocks, presenting a
kaleidoscopic picture which has been further complicated by the
mtrusion of numerous foreign elements—Semitic Himyarites,
rhmnioians, and Arabs, Greeks, Romans, Yandals, Malays, Hindus,
modem Europeans, and others—generally round the periphery,
but in sonie eases penetrating far into the interior.
But amid all this ethnical confusion the two original groups
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have in many places preserved their racial purity almost intact,

so that a tolerably correct estimate may still be formed of their
essential physical characters. The Haynites, as the Caucasic abo-
rigines are conventionally called, present staking analogies both
with the Asiatic Semites and with the South Europeans, so that
by many ethnologists all are regarded as belonging fundamentally
to one stock, collectively classed as Afro-JEuropeans or Mediter-
raneans. Thus many of the Mauritanian Hamites (Berbers of
Morocco, Algeria, and Tunisia) are of even lighter colour than the
Spaniards or Italians, with blue eyes, yellow or brown beard,
oval head of the long type, large straight or aq^uiline nose, per-
fectly regular features, shapely huild, medium height, and alto-

gether exceedingly handsome men. Similar traits occur amongst
their southern kinsmen, the Tuaregs of the Western Sahara, and
even amongst the Fellahin, of Egypt, who, however, are generally
of swarthier complexion and otten startlingly like their JRetu

ancestors, as figured and carved on the old Egyptian monuments.
Still darker are the MerraUn^ or “ Black Berbers,” of the Southern
Atlas, and all the eastern Hamites between Egypt and the equator,
who betray a varying strain of negro blood in their tumid lips,

and especially in their crisp or ringlety and always black hair.

The Hamitic language also, which is of the inflecting order,

presents several features in common with the Semitic, on the one
hand, and on the other with the old Iberian, still surviving in the
Basque of the Western Pyrenees. This Hamitic form of speech,

which, like the Semitic and unlike the Aryan, is of an extremely
tenacious character, pervades the whole of the African Caucasic
domain, where it has been current for countless ages, and had
already been reduced to written form by the Egyptians some 5000
or 6000 years before the new era. Letters were also known in

remote times to some other members of the Hamitic family, as

shown hy the not yet deciphered rock inscriptions in the Nile
valley above Egypt, and in the peculiar Tafinagh script still in

restricted use amongst the Mauritanian and Saharan Berbers.

Except in Egypt, where all were merged many millenniums ago
in a single despotic monarchy, the Hamitic peoples have always
shown a marked tendency towards Democratic institutions. In
the tribal system everything is regulated by the public assembly,

in which all have a voice, so that the Berber is what he calls

himself, (plural imazighen, the national name), a “free-

man,” whereas the more theocratic and feudal Semitic community
is ruled by a despotic hereditary sheikh. The Berber is also less

fanatical, though all have long been Mohammedans, more generous
to his womenfolk, and of rather sedentary habits, preferring fixed

dwellings and agriculture wherever possible to the tent-life of the
nomad Bedouin stock-breeder. Pastoral ways, however, prevail

largely amongst the Eastern Hamites—Bejas, Somali, Gallas,

Turkanas, Masai—who roam the steppe lands between the Nile
and Red Sea and the Mau plateau, which are unfavourable

for tillage. Hence it is that the Wahumas, who are of GaUa
descent, retain their nomad pastoral habits amid the Bantu
Negroid populations of East Central Africa.

The negroes themselves, whose physical and mental characters

are elsewhere described (Art. Negro), form almost everywhere

settled agricultural communities. But this is not due to any
superiority over the nomad Hamites and Semites, to whom they
are greatly inferior in most respects, but to the nature of their

environment, which, lying mainly between the tropics, enjoys an
abundant rainfall, and is consequently more favourable for agricul-

ture than for pasturage. Hence it is that the inhabitants of the

arid south-western steppes (Damara and Namaqua lands) form an
exception to the general rule, and are excellent herdsmen, but
cultivate very little land. Compared with the Hamites, the negroes

are also extremely cruel and superstitious, and with the exception

of the mixed negroid populations of Sudan

—

SoTighay, TCausas,

Baghirmi, Kanuri, Mdbas, and others now mostly Mohammedans

—

are stih mainly pagans, though Christianity has made some pro-

gress amongst the WagaTida of Lake Victoria, and the Zulus-Xosas,

Basutos, and Bechuanas of the extreme south. Ancestor-worship

prevails on the eastern, nature-worship on the western seaboard,

with interminglings in the interior. This is clearly seen by the

distribution of the two chief names of the Deity

—

MunTculunlculu,

“Great-grand-Eather,” and Nzambi—of uncertain meaning, hut

indicative of the forces of nature, variants ofwhich terms occur, the

former almost exclusively along the east, the latter along the west

side of the continent, while both are intermingled in the central

regions.

It is further to he noticed that the two primordial stocks—the

white and the black—are found from remote times already divided

into several secondary groups, whose obscure inter-relations still

offer many difficult problems to the ethnologist. In general such

secondary groups are far less aberrant from the normal type, and

more easily accounted for, in the Caucasic than in the negro domain.

Amongst the Hamites the chief divergences are represented hy the

JTuHans of the Nile valley above Egypt, who are usually regarded

as Hamites with a black strain, hut are on the contrary true negroes

with a Hamitic strain (Art. Nubia) ; the Tibhis of the Eastern

AFRICA
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Sahara, treated as negroes with a Hamitic strain, but undoubtedly

true Hamites, merging gradually southwards in the black popula-

tions of the Chad basin (Art. Tibbtjs) ;
the Fuloks of West and

Central Sudan, often allied to the Nubas, with whom they have

nothing in common, being originall}^ Hamites, now fused in many

places with the siirioundingnegio peoples
;
lastly, the of the

Ogo’way basin, the Mascti east of Lake Yictoria, the TuTko/ifi^,

RendiUhs, and others of Lake Eudolf, and the iralmmas, widely

diffused under many names throughout East Central Africa. These

also are undoubtedly Hamites, mixed in varying proportions with

negro elements.

But the secondarygroups ofthe negroes themselves are not so easily

explicable. Here the Sudanese Negroes have in the first place

to be distinguished from the multitudinous Bantu Negroid groups,

who occupy most of the southern half of the continent, from about
4® or 5® N. lat. to Natal and Pondoland. Although not always

easily justified on auatoinical grounds, this distinction between

the northern Sudanese and southern Bantu sections of the negro

family has a practical value and a substantial foundation in the

geographical distribution, the mental qualities, and the speech of

Sie two groups. No full-blood SudaneseNegro community has ever

developed a political or social system higher than that of the tribal

organization, while extensive kingdoms and empires, such as those

ofthe Monomotapa, of the Cazembo, of Lunda, Barotseiand, Kongo,

and Zululand, based on unwritten codes and military institutions,

have flourished often for several generations amongst the Bantu
peoples. Nor have any true Soudanese Ne^oes ever acquired

rominence for great intellectual or moral qualities, such as those

y which several of the Tushilonge, the Balolo, the Makololo,

Bechuana, Basuto, and Zulu-Xosa ruleis have been distinguished

in former and recent times. In a word, the average Bantu is

altogether more intelligent and far more capable ofupward develop-

ment than the average Sudanese Negro.

Very marked from this point of view are the contrasts presented

by both groups in the linguistic domain. While all speak languages

of the agglutinating older, linguistic chaos prevails in Sudan,

linguistic uniformity to a lemarkable degi*ee in Bantuland. The
numerous dialects current amongst the Bantu peoples and diffused

over an area of some 6,000,000 square miles are all reducible to

half-a-dozen groups, which are themselves closely related and obvi-

ously all sprang from a single stock language presenting some
structural features of a high order. Kongoese^ a typical member of
the family, possesses the qualities of precision, flexibility, and
subtlety of expression to such an extent that ‘‘its daily use is in

itself an education ” (Rev. W. H, Bentley). In Sudan, on the con-

trary, the countless local dialects defy classification. The Nuha
of Kordofan and Nubia differs as profoundly from the Fulali of
Senegambia, the Songhay of the Middle Niger from the Kamri and
Baghirm of Lake Chad, as English does from Arabic, or French
from Chinese. In a word these Sudanese tongues may be grouped
in a large number of families which are radically distinct from each
other, and, whatever their origin, can no longer he traced to a single

stock.

From these remarks it follows that the term ^‘Sudanese” has a
distinctly racial, but no linguistic value, whereas the term “ Bantu ”

is primarily linguistic. It conveys a very clear idea to the philo-

logist, but not to the anthropologist, who finds in the mixed Bantu
domain not only every shade of transition between the true negro
and the true Hamite, but also some divergent types differing

greatly from both. In the tropical forest tracts are scattered

numerous groups of Negritoes, or “ Little Negroes,” true dwarfs,
differing not only in their diminutive stature (3 ft. 6 in. to 5 ft. )

but also in some other important respects—^yellow colour, hirsute
bodies, culture (all hunters exclusively)—from the blacks of normal
type. Lastly, in the extreme south-west, range the primitive Bush-
men, still at the Palaeolithic stage, and the neighbouring Hotten-
tots, both presenting some remarkable and highly specialized

features, such as the tablier and steatopygia peculiar to the female
sex, and a distinctly yellow complexion common to both. (Art.

Bushmen; Hottentots.)
Thus is completed the variegated picture presented hy the

aboriginal inhabitants of tbe continent. ’ Of the intruders im-
measurably the most important from the ethnical, but no longer
from the political, standpoint are the Semites, who arrived from
Asia, some in prehisLOrio, some in historic times, mainly by the
Mediterranean and by the two routes at the southern and northern
extremities of the Red Sea. Amongst the earliest arrivals were the
civilized peoples ofArabia Felix (Yemen), i. e. ,Minmam and Sahamis,
collective known as or

‘
‘ ]fed Men ” (whence the “ Red

Sea ”), who established themselves about Adulis bay some centuries
before the new era. Thencse they penetrated gradually into the
Abyssinian uplands, founding the Axumite empire, yielding later
.to the religious and cultu^ influences of the Alexandrian Greek
and Coptic Christians, and intermingling everywhere with the rude
Hamitic aborigines {Agcms\
Thus were formed the extremely mixed populations of Abyssinia,

while the dominant Semitic immigrants continued and continue to
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hold the political overlordship, founding the three kingdoms of

Tigre, Amhara, and Shoa, at present united in the empire of

“Ethiopia,” as it is officially called. The old Hamitic speech is

not extinct, although everywhere somewhat eclipsed by various

moie or less corrupt forms of Geez, i.e.
,
the archaic Semitic tongue,

which was introduced by the Himyarites, still survives in the

Marah district of South Arabia, and is the liturgical language of the

Abyssinian Christians.

The Himyarites, who took the southern route, were probably

preceded by their Phoenician kinsmen, who had already at an early

date converted the Mediterranean into a great highway of trade

and colonial enterprise. From the great cities of Tyre and Sidoii

came the founders of the greater cities of Leptis Major, Utica,

Carthage, and other Phoenician settlements on the coast lands be-

tween the Syrtes and the Atlantic, later merged in the Carthaginian

empire, which contended with Rome for the mastery of the ancient

world. After the fall of Carthage the Phoenician settlements every-

where became Romanized, and both the Romans and their Yaudal
conquerors were all in their turn absorbed by the surrounding

Hamitic aborigines.

Then came the third great Semitic invasion, that of the fiery

Arab fanatics, which has modified the ethnical relations of the

continent to a far greater extent than all the other intrusions

together. Before the close of the 7th century the Moslem Arab
hordes had already reached the shores of the Atlantic, and soon

after spread over the western Sahara, founded Mohammedan states

(Timbuktu, Bornu, Baghirmi, Wadai) on the banks of the Niger

and in the Chad basin, penetrated up the Nile valley to and beyond
Khartum to the Sobat junction, developing great pastoral com-

munities and even states*—Kabbabish, JaaUns, Baggaras, Funj

empire of Senaar—in the present Anglo-Egyptian Sudan
;
lastly,

established themselves on the eastern seaboard from Cape Guardafui

to Sofala beyond the Zambezi, everywhere dominating, but also

intermingling with the aboriginal Hamitic, Negro, and Negroid

Bantu populations.

Still later the Arabs advanced from the coast lands and the White
Nile far inland, ranging over vast spaces westwards to the Upper
Congo and southwards to Lakes Tanganyika and Nyasa, in associa-

tion with their NvManj Swahili, Ajao, Mawyii&ma, and other native

allies. Here also were founded some permanent settlements—*

Mpwapwa, Tabora, Ujiji, Nyangwe, Kota-Kota, Riba-Riba, Meshia-

I

er-Rek, Lado—^which, however, were not so much Arab colonies

as z&rihas, or strongly-fenced stations, established at convenient

strategical points for the purpose of raiding the surrounding lands

in quest of ivory and the men required to convey it to the coast,

where they were sold as slaves. Hence since the partition of Africa

these Arabs, mostly half-breeds, have been cleared out, and the

stations transformed to centres of European trade and cultural

influences. Thus it happens that in the Congo and Zambezi
regions there is but a slight strain of Arab blood, whereas through-

out the northern half of the continent Semitic elements are in many
places grafted on the original Hamitic and Negritic stocks.

The Moslem Semites were accompanied and even preceded hy
others, the Jews of Palestine, who, however, were nearer akin to

their Phoenician forerunners than to the Arabs and Himyarites. They
began to arrive probably soon after the Babylonian captivity, and

considerable numbers were already settled in Lower Egypt under

the Ptolemies. After the fall of Jerusalem and the suppression of

the subsequent revolts these were joined by others, many of whom
passed westwards and settled in all the large towns and surround-

ing districts, from Tripoli to Morocco, where, despite ages of oppres-

sion, they still form numerous wealthy communities. But, living

mostly apart, they have scarcely disturbed the ethnical relations

in Africa to any appreciable extent.

The same is true also of the still later immigrants from Europe
into the northern and southern extra-tropical zones

—

Greeks,

Italians, French, Spaniards, in Egypt and Mauritania, Butch and
British^ with some Erench and Germans, south of tlxe Zambezi.

These intruders have given rise to dislocations and displacements,

but not to interminglings, with the notable exception of the early

Dutch Boers, from whose alliance with the Hottentots have sprung
the so-called “Bastaards,” i.c,, Oriquas, Gmaguas, and several other

half-caste Hottentot groups in Cape Colony and Namaqualand.
Both in the Cape and in Natal are several communities of

Mohammedan Malays from various parts of the Eastern Archi-

pelago, while numerous Banians (Hindus of the trading caste) are

settled in all the coast towns from Durban to Mombasa. Subjoined
is a table of all the African populations, indigenous and intruders,

from ancient to present times, as far as known :

—

A. Cauoasic Division.

I. Eastern Hamites :

—

Betu, ancient Egyptians
;

later Copts and Fellahin (mixed),

Nile valley from 1st cataract to the Delta.
Blemmyes; Bugaitse, now Begas, Bejas

; Ababdeh ;
Haden-

dowa
;
Bishari

; Beni-Amer, from Nile to Red Sea between
Egypt and Abyssinia.
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AthagciOy Agao, Agaomedir (“Agaoland”) and other parts of

Abyssinia.

Jfar (Danakil), between Abyssinia, Red Sea, and Gulf of

Aden.

Somah ; Gctllas ; Somali and Galla lands.

Tif^rkancb ; Beiidileh ; Lake Rudolf district.

Masai; Wakwaji ; Mau plateau between Great Rift-Valley and

Lake Victoiia.

JVaUtma, intermingled with the Bantus in the equatorial lake

region.

II. Western Hamites :

—

Westerns”), so called by the Carthaginians, whence

Mauri, “Moors,” call themselves Imazightn, “Freemen”;
Maziges, Kumidae, Gsetuli, Leucsethiopes, all now known as

“Berbers”; Shellalas (Shluhs) of the western Atlas
;
Kabyles

of Korth Morocco and Algeria
;
Shawiahs, Zenagas, Beni-

Mzabs of Algeria and Tunisia ; Haratin (“ Black Berbers”)

of the southern Atlas ;
Tuaregs of the western Sahara.

Tainah'ii [Libyans), Nasomones ;
Aujllas ; Hammonii ; Siwahs,

Cyrenaica and Siwah oasis.

Garamantes, TedaTmnsi, Tedas and Dazas (northern and
southern Tibbus), Tibesti range and the oases of the eastern

Sahara.

III. Semites;—
Eimyaritcs, Axumites

;
Tigrinas

;
Amharinas ; Shoas

;
north,

central, and south Abyssinia.

Phoenicians, Carthage and Mauritanian coast lands (extinct).

Arabs (mostly Bedouins), Egypt, Anglo - Egyptian Sudan,

Tripolitana, Mauritania, western Sahara, central Sudan,

east coast southwards to Sofala.

Jews, Egypt, Tripolitana, Mauritania.

IV. Europeans :

—

Hellenes, Cyrenaica, Nile Delta (extinct).

Provincia, Mauritania (extinct).

Modern Greeks, Egypt, Anglo-Egyptian Sudan.

Maltese

Italians I Egypt, and thence to Morocco
;
Canary Islands

French
j

(Spaniards).

Spaniards J

Dutch, Hugmnots (extinct), Cape Colony, Natal, the late Boer
States.

Britons, Cape, Natal, late Boer States, North and South
Rhodesia, Nyasaland, East and West Coast sporadically.

Germarvs, The Cape, Transvaal, elsewhere sporadically.

Portuguese, East and West Coasts, Sao Thome, Cape Verde
Islands, Madeira, Azores.

B. Negritio Division.

III. Bushmen, formerly ranged from Tanganyika to the Cape,

now mainly confined to the Kalahari Desert (Art. Bush-
men).

IV. Hottentots (Khoi-Khoin) :

—

Kainaqua, Great and Little Namaqualand.
Koragua, Upper Orange and Vaal rivers.

Griqua, Griqualand East.

Gonagua, Cape Colony, Eastern Provinces.
All except the Namaqua are Dutch -Hottentot or Bantu-

Hottentot half-breeds.

V. Negritoes:

—

Danga {Tank) in Egypt from Shade-land beyond Punt (Somali-

land) 3300 B.C.

Akkas 'v

^chua^ Iwelle, Aruwimi and Semliki river valleys.

\ South Gallaland, Lake Rudolf district, Masai-
^ land.

WambuttiJ

Dumes
Dokos
Wandorobos ]

Babinga, Middle Sangha, northern tributary, Congo.
BeUwa, Sankuru river, southern tributary, Congo.
Abongo, Akoa (Okoa), Okande district, Ogoway basin.
Obongo, Ashiraland, Ogoway basin.
VaHlpens, Middle Limpopo river, North Transvaal.

(a. H. K.)

III. Recent Political History.

Africa is the last of the continents to be annexed
by the nations of Bnrope, and the process of annexation
presents many features which have no parallel in the pre-
vious history of the relations of the white with the
<?oloured races. Until 1875 Europe had concerned herself
politically mainly with the northern and southern extremi-

ties of the continent, and with a narrow strip along the

eastern and western seaboards. There were vast areas in

the interior which were still unexplored, but the explorer

had penetrated far beyond the limits of European political

influence, and in 1875 the explorer did not necessarily

include a batch of ready-made treaties among his outfit.

It would be interesting to discuss the causes which have,

directly or indirectly, led to the extraordinary causes of

activity which the Great Powers of Western European

Europe have displayed in annexing and marking activity.

out spheres of influence in the African contineut. But
such an inquiry would involve a review of the whole field

of European politics, and it must be sufficient, before pro-

ceeding to a recapitulation of the steps by which Europe
has absorbed Africa, to indicate one or two of the main
factors in the situation. The Franco-German wax of 1870
must be regarded as the real starting-point in the move-
ment. From that war Germany emerged strong and
united, eager for new worlds to conquer. France, after

the first shock of despair had passed away, began to de-

velop fresh stores of reserve energy, and her statesmen

and people, half unconsciously at first, hut later of set

design, sought to find outside Europe compensation for

her lost provinces on the Rhine. France and Germany
were both, therefore, ripe for a policy of colonial expan-

sion, and a rapid survey of the land-masses of the globe

made it clear that Africa, alone among the continents,

offered adequate opportunities for satisfying this new-born

land hunger. France still possessed some remnants of

her former colonial possessions, and in Northern Africa,

and on the Atlantic seaboard, had a firm foothold on the

continent. Germany was entirely without colonies, either

in Africa or elsewhere. The more temperate regions of

the earth had already been acquired by the colonizing

Powers that were earlier in the field, and the more acces-

sible parts of the tropics had also been earmarked as

British, Dutch, Spanish, or Portuguese. Africa alone,

therefore, offered any large field for the resuscitated

energies of France, or the virgin activities of Germany j

and the history of the modern partition of Africa is mainly

a record of the struggles of these two Powers and of Great

Britain to secure for themselves as large a share as pos-

sible of the continent. The part played by Leopold 11.

,

Rang of the Belgians, in the founding of the Congo Free

State, and in tJie opening up of the continent to the

political influence of Europe, furnishes a remarkable

episode in that history
;
but France, Germany, and Great

Britain are the principal actors in the drama, and in follow-

ing the various stages iu the work of partition it is neces-

sary, for a proper understanding of the part which each

of these three Powers played, to lemember that France

was the first consciously to recognize the magnitude of the

undertaking and the need for speed in its accomplishment

;

that, in Germany, Prince Bismarck, at the instigation of

a small but influential body of ‘‘ Kolonial-Menschen,”

took the first steps in the direction of colonial expansion,

not only in advance of German public opinion, but before

other countries, or at least Great Britain, had realized

that Germany was seriously entering the lists as a colonial

Power
;

and finally that Great Britain, though more

favourably placed than either of her rivals, was, from a

variety of causes, the last to realize the need for action

and the urgency of the situation.

The position of Great Britain requires a few words of

explanation. She was already in possession of a vast

colonial empire, widely distributed over the globe. It

was a favourite conception of the public men of the middle

half of the 19th century that colonies were, quite as much
a burden as a blessing, and that, at no very remote period,

the young communities which had settled in distant lands
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Saliara, treated as negroes wich a Hamitio strain, but undoubtedly

true Hamites, merging gradually southwards in the black popula-

tions ot the Chad basin (Art. Tibeus)
;
the Fulahs of West and

Central Sudan, often allied to the l^ubas,^ with whom they have

nothing in common, being originally Hamites, now fused in many
places with the surrounding negio peoples

;
lastly, the Fans of the

,

Ogoway basin, the Masai east of Lake Victoria, the TuTkawxs,

FendileJis, and others of Lake Rudolf, and the IVahumas, widely

diffused under many names throughout East Central Africa, These

also are undoubtedly Hamites, mixed in varying proportions with

negro elements.

But the secondarygroups of the negroes themselves are not so easily

expKcable. Here the Sudanese Negroes have in the first place

to be distinguished from the multitudinous Bantu Negroid groups,

who occupy most of the southern half of the continent, from about
4** or 5® N. lat. to Natal and Pondoland. Although^ not always

easily justified on anatomical grounds, this distinction between

the northern Sudanese and southern Bantu sections of the negro

family has a practical value and a substantial foundation in the

geographical distribution, the mental qualities, and the speech of

the two groups. No full-blood Sudanese Negro community has ever

developed a political or social system higher than that of the tribal

organization, while extensive kingdoms and empires, such as those

ofthe Monomotapa, of the Cazembo, of Lunda, Barotseland, Kongo,

and Zululand, based on unwritten codes and military institutions,

have flourished often for several generations amongst the Bantu
peoples. Nor have any true Soudanese Negroes ever acquired

E
rominence for great intellectual or moral qualities, such as those

y which several of the Tushilonge, the Balolo, the Hakololo,

Bechuana, Basuto, and Zulu-Xosa rulers have been distinguished

in former and recent times. In a word, the average Bantu is

altogether more intelligent and far more capable of upward develop-

ment than the average Sudanese Negro.
Very marked from this point of view are the contrasts presented

by both groups in the linguistic domain. While all speak languages
of the agglutinating order, linguistic chaos prevails in Sudan,
linguistic uniformity to a lemarkable degree in Bantiiland. The
numerous dialects current amongst the Bantu peoples and diffused

over an area of some 6,000,000 square miles are all reducible to

half-a-dozen groups, which are themselves closely related and obvi-

ously all sprang from a single stock language presenting some
structural features of a high order. Kongoese, a typical member of

the family, possesses the qualities of precision, flexibility, and
subtlety of expression to such an extent that ‘‘its daily use is in

itself an education ” (Rev. W. H. Bentley). In Sudan, on the con-
trary, the countless local dialects defy classification. The Nuba
of Kordofan and Nubia differs as profoundly from the Fulah of
Senegambia, the SongJiay of the Middle Niger from the Kanuri and
Baghirmi of Lake Chad, as English does from Arabic, or French
from Chinese. In a word these Sudanese tongues may be grouped
in a large number of families which are radicaUy distinct from each
other, and, whatever their origin, can no longer be traced to a single
stock.

From these remarks it follows that the term “Sudanese ” has a
distinctly racial, but no linguistic value, whereas the term “ Bantu ”

is ijrimarily linguistic. It conveys a very clear idea to the philo-
logist, but not to the anthropologist, who finds iu the mixed Bantu
domain not only every shade of transition between the true negro
and the true Hamite, but also some divergent types differing
greatly from both. In the tropical forest tracts are scattered
numerous groups of Negritoes, or “ Little Negroes,” true dwarfs,
differing not only in their diminutive stature (3 ft. 6 in. to 5 ft.)

but also in some other important respects—^yellow colour, hirsute
bodies, culture (all hunters exclusively)—from the blacks of normal
type. Lastly, in the extreme south-west, range the primitive Bush-
men, still at the Palaeolithic stage, and the neighbouring Hotten-
tots, both presenting some remarkable and highly specialized
features, such as the tablier and steaiopygia peculiar to the female
sex, and a distinctly yellow complexion common to both, (Art.
Bushmen ,* Hottentots.)
Thus is completed the variegated picture presented by the

aboriginal inhabitants^ of the continent. ‘ Of the iutrudeis im-
measurably the most important from the ethnical, but no longer
from the political, standpoint are the Semites, who arrived from
Asia, some in prehistoric, some in historic times, mainly by the
Mediterranean and by the two routes at the southern and northern
extremities of the Red Sea. Amongst the earliest arrivals were the
civilized peoples ofArabia Felix (Yemen), ,Mmosans and SabosaTiSf
collectivMyknown as BCimyaHtss, or “Red Men ” (whence the “ Red
Sea ”), who established themselves about Adulis bay some centuries
before the new era. Thence they penetrated gradually into the
Abyssinian uplands, founding the Axumite empire, yielding later

. to the religious and oultitm influences of the Alexandrian Greek
and Coptic Christians, and intermingling everywhere with the rude
Hamitio aborigines {Agaus),
T^us were formed the extremely mixed populations of Abyssinia,

whila the dominant Semitic immigrants continued and continue to

hold the political overlordship, founding the three kingdoms of

Tigre, Arahara, and Shoa, at present united in the empire of

“Ethiopia,” as it is officially called. The old Hamitic speech is

not extinct, although everywhere somewhat eclipsed by various

more or less corrupt forms of Geez, i.e., the archaic Semitic tongue,

which was introduced by the Himyarites, still survives in the

Marah district of South Arabia, and is the liturgical language of the

Abyssinian Christians.

The Himyarites, who took the southern route, w^ere probably
receded by their Phoenician kinsmen, who had already at an early

ate converted the Mediterranean into a great highway of trade

and colonial enterprise. From the great cities of Tyre and Sidon
came the founders of the greater cities of Leptis Major, Utica,

Carthage, and other Phoenician settlements on the coast lands be-

tween the Syrtes and the Atlantic, later merged in the Carthaginian

empire, which contended with Rome for the mastery of the ancient

world. After the fall of Carthage the Phoenician settlements every-

where became Romanized, and both the Romans and their Vandal
conquerors were all in their turn absorbed by the surrounding
Hamitic aborigines.

Then came the third great Semitic invasion, that of the fiery

Arab fanatics, which has modified the ethnical relations of the

continent to a far greater extent than all the other intrusions

together. Before the close of the 7th century the Moslem Arab
hordes had already reached the shores of the Atlantic, and soon

after spread over the western Sahara, founded Mohammedan states

(Timbuktu, Bornu, Baghirmi, Wadai) on the banks of the Niger
and in the Chad basin, penetrated up the Nile valley to and beyond
Khartum to the Sobat junction, developing great pastoral com-

mnnities and even states—Kabbabish, Jaalins, Baggaras, Fnnj

empire of Senaar—in the present Anglo-Egyptian Sudan
;
lastly,

established themselves on the eastern seaboard from Cape Guardatui

to Sofala beyond the Zambezi, everywhere dominating, but also

intermingling with the aboriginal Hamitic, Negro, and Negroid
Bantu populations.

Still later the Arabs advanced from the coast lands and the White
Nile far inland, ranging over vast spaces westwards to the Upper
Congo and southwards to Lakes Tanganyika and Nyasa, in associa-

tionwith their Nubian, Swahili, Ajao, Manyuema, and other native

allies. Here also were founded some permanent settlements-—

Mpwapwa, Tabora, Ujiji, Nyangwe, Kota-Kota, Riba-Riba, Meshra-

er-Rek, Lado—^whioh, however, were not so much Arab colonies

as aeribas, or strongly-fenced stations, established at convenient
strategical points for the purpose of raiding the surrounding lands

in quest of ivory and the men required to convey it to the coast,

where they were sold as slaves. Hence since the partition of Africa

these Arabs, mostly half-breeds, have been cleared out, and the

stations transformed to centres of European trade and cultural

influences. Thus it happens that in the Congo and Zambezi
regions there is but a slight strain of Arab blood, whereas through-

out the northern half of the continent Semitic elements are in many
places grafted on the original Hamitic and Negritic stocks.

The Moslem Semites were accompanied and even preceded by
others, the Jews of Palestine, who, however, were nearer akin to

their Phoenician forerunners than to the Arabs and Himyarites. They
began to arrive probably soon after the Babylonian captivity, and
considerable numbers were already settled in Lower Egypt under
the Ptolemies. After the fall of Jerusalem and the suppression of

the subsequent revolts these were joined by others, many of whom
passed westwards and settled in all the large towns and surround-

ing districts, from Tripoli to Morocco, where, despite ages of oppres-

sion, they still form numerous wealthy communities. But, living

mostly apart, they have scarcely disturbed the ethnical relations

in Africa to any appreciable extent.

The same is true also of the still later immigrants from Europe
into the northern and southern extra-tropical zones

—

Greeks,

Italians, French, Spaniards, in Egypt and Mauritania, Butch and
British, with some French and Germans, south of the Zambezi.
These intruders have given rise to dislocations and displacements,
but not to interminglings, with the notable exception of the early

Dutch Boers, from whose alliance with the Hottentots have sprung
the so-called “Bastaards,” i,e., Griquas, GoTUxquas, and several other

half-caste Hottentot groups in Cape Colony and Namaqualand.
Both in the Cape and in Natal are several communities of

Mohammedan Malays from various parts of the Eastern Archi-

pelago, while numerous Banians (Hindus of the trading caste) are

settled in all the coast towns from Durban to Mombasa. Subjoined
is a table of all the African populations, indigenous and intruders,

from ancient to present times, as far as known :

—

A. Caucasic Diyision.

I. Eastern Hamites :

—

Betu, ancient Egyptians
;
later Copts and Fellahin (mixed),

Nile valley from 1st cataract to the Delta.
Bu^aitae, now Begas, Bejas

; Ababdeh
;
Haden-

dowa
;
Bishari

;
Beni-Amer, from Nile to Red Sea between

Egypt and Abyssinia.
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Athagao, Agao, Agaomedir (“ Agaoland”) and other parts of

Abyssinia.

Afar (Danakil), between Abyssinia, Eed Sea, and Gnlf of

Aden.
Someth; &aUas

;

Somali and Galla lands.

Turkana; ReiidiUh

;

Lake Rudolf district.

Motsai; WaTcioafi ; Man plateau between Great Rift-Valley and

Lake Victoria.

JVaJmna, inteimingled with the Bantus in the equatorial lake

region.

II. 'Vestebn Hamites :

—

jiih/i2trtw,(“Westerns”), so called by the Carthaginians, whence
Kauri, Moors,” call themselves Imazighen, “Freemen”;
Kaziges, Numidae, Gsetuli, Leucaethiopes, all now known as
‘

‘ Berbers”
;
Shellalas (Shluhs) of the western Atlas

; Kabyles

of North Morocco and Algeria
;
Shawiahs, Zenagas, Beni-

Mzabs of Algeria and Tunisia ; Haratin (“ Black Berbers ”)

of the southern Atlas
;
Tuaregs of the western Sahara.

Tainahu {LihyaTis), Nasomones ; Aujilas
;
Hammonii ; Siwahs,

Cyrenaica and Siwah oasis.

GaramanteSi TedamaTisi, Tedas and Dazas (northern and
southern Tibbus), Tibesti range and the oases of the eastern

Sahara.

III. Semites:—
Hlmyarites, Axumites

;
Tigrihas

;
Amhariaas

;
Shoas

;
north,

central, and south Abyssinia.

Phcsnicia7is, Carthage and Mauritanian coast lands (extinct).

Arabs (mostly Bedouins), Egypt, Anglo - Egyptian Sudan,

Tripolitana, Mauritania, western Sahara, central Sudan,

east coast southwards to Sofala.

Jews, Egypt, Tripolitana, Mauritania.

IV. Europeans:

—

Hellenes, Cyrenaica, Nile Delta (extinct).

Africa Provincia, Mauritania (extinct).

Modern Greeks, Egypt, Anglo-Egyptian Sudan.

Maltese \

Italians I Egypt, and thence to Morocco ; Canary Islands

French
j

(Spaniards).

Spaniards ]

Butch, Huguenots (extinct), Cape Colony, Natal, the late Boer
States.

Britons, Cape, Natal, late Boer States, North and South
Rhodesia, Nyasaland, East and West Coast sporadically.

Germans, The Cape, Transvaal, elsewhere sporadically.

Portuguese, East and West Coasts, Sao Thome, Cape Verde
Islands, Madeira, Azores.

B. Negrxtic Division.

1. Sudanese NegboesItt,,,! • a.,4.

II. Bantti Neoeoids
III. Bushmen, formerly ranged from Tanganyika to the Cape,

now mainly confined to the Kalahari Desert (Art. Bush-
men).

IV. Hottentots (Khoi-Khoin) :

—

Ha^nagua, Great and Little Namaqualand.
Koragua, Upper Orange and Vaal rivers.

Griqua, Griqualand East.
Gonajgua, Cape Colony, Eastern Provinces.
All except the Namaqna are Dutch-Hottentot or Bantu-
Hottentot half-breeds.

V. Negritoes :

—

Banga {Taiik) in Egypt from Shade-land beyond Punt (Somali-
land) 3300 B.C,

Akkas ^

^Achu^ IWelle, Amwimiand Semliki river valleys.

Wa^nbutti]

ISoutt Gallaland, Lake Eudolf district, Masai-

Wandorohos J

Bdbinga, Middle Sangba, northern tributary, Congo.
Batwa, Sankuru river, southern tributary, Congo.
Abongo, Akoa (Okoa), Okande district, Ogoway basin.
Obongo, Ashiraland, Ogoway basin.
Vaalpens, Middle Limpopo river, North Transvaal.

(a. H. K.)

III. Eecent Political Histoby.

Africa is the last of the continents to be annexed
by the nations of Europe, and the process of annexation
presents many features which have no parallel in the pre-
vious history of the relations of the white with the
(jolted races. Until 1875 Europe had concerned herself
politically mainly with the northern and southern extremi-

ties of the continent, and with a narrow strip along the

eastern and western seaboards. There were vast areas in

the interior which were still unexplored, but the explorer

had penetrated far beyond the limits of European political

influence, and in 1875 the explorer did not necessarily

include a batch of ready-made treaties among his outfit.

It would be interesting to discuss the causes which have,

directly or indirectly, led to the extraordinary causes of

activity which the Great Powers of Western European

Europe have displayed in annexing and marking activity*

out spheres of influence in the African continent. But
such an inquiry would involve a review of the whole field

of European politics, and it must be sufficient, before pro-

ceeding to a recapitulation of the steps by which Europe
has absorbed Africa, to indicate one or two of the main
factors in the situation. The Eraneo-German war of 1870
must be regarded as the real starting-point in the move-
ment. Prom that war Germany emerged strong and
united, eager for new worlds to conquer. Prance, after

the first shock of despair had passed away, began to de-

velop fresh stores of reserve energy, and her statesmen

and people, half unconsciously at first, but later of set

design, sought to find outside Europe compensation for

her lost provinces on the Rhine. Prance and Germany
were both, therefore, ripe for a policy of colonial expan-

sion, and a rapid survey of the land-masses of the globe

made it clear that Africa, alone among the continents,

offered adequate opportunities for satisfying this new-born
land hunger. Prance still possessed some remnants of

her former colonial possessions, and in Northern Africa,

and on the Atlantic seaboard, bad a firm foothold on the

continent. Germany was entirely without colonies, either

in Airica or elsewhere. The more temperate regions of

the earth had already been acquired by the colonizing

Powers that were earlier in the field, and the more acces-

sible parts of the tropics had also been earmarked as

British, Dutch, Spanish, or Portuguese. Africa alone,

therefore, offered any large field for the resuscitated

energies of Prance, or the virgin activities of Germany

;

and the history of the modern partition of Africa is mainly

a record of the struggles of these two Powers and of Great

Britain to secure for themselves as large a share as pos-

sible of the continent. The part played by Leopold II.,

King of the Belgians, in the founding of the Congo Pree

State, and in tiie opening up of the continent to the

political influence of Europe, furnishes a remarkable

episode in that history
;
but Prance, Germany, and Great

Britain are the principal actors in the drama, and in follow-

ing the various stages in the work of partition it is neces-

sary, for a proper understanding of the part which each

of these three Powers played, to lemember that France

was the first consciously to recognize the magnitude of the

undertaking and the need for speed in its accomplishment

;

that, in Germany, Prince Bismarck, at the instigation of

a small but influential body of “Kolonial-Menscben,”

took the first steps in the direction of colonial expansion,

not only in advance of German public opinion, but before

other countries, or at least Great Britain, had realized

that Germany was seriously entering the lists as a colonial

Power ;
and finally that Great Britain, though more

favourably placed than either of her rivals, was, from a

variety of causes, the last to realize the need for action

and the urgency of the situation.

The position of Great Britain requires a few words of

explanation. She was already in possession of a vast

colonial empire, widely distributed over the globe. It

was a favourite conception of the public men of the middle

half of the 19th century that colonies were, quite as much
a burden as a blessing, and that, at no very remote period,

the young communities which had settled in distant lands
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Tinder the British flag would shake themselves free from

the control of the mother-country, and begin an independ-

ent existence, as soon as they felt themselves able to

walk alone. There was a strong disinclination to increase

Great Britain’s commitments abroad, and in Africa the

repeated solicitations of native kings and chiefs in the

neighbourhood of British settlements, to be taken under

British protection, were rejected in pursuance of a de-

liberately adopted policy. In 1865 a strong representa-

tive committee of the House of Commons unanimously

resolved “that all further extension of territory or as-

sumption of government, or new treaty offering any pro-

tection to native tribes, would be inexpedient.” But

while the overtures of native kings were rejected, the fact

that they were made, coupled with the further fact that

the exploration of the continent had been mainly under-

taken by British subjects, or under British auspices, gave

rise to the feeling that, in some not very clearly defined

way. Great Britain had a sort of vague claim over regions,

which, if they were not British, were not claimed by any

other European Power. It was not until France had

fairly entered on her career of annexation in West Africa,

and Germany had entered the field, that the British

Government and the British public awoke to the conscious-

ness of the fact that there was no time to be lost if Great

Britain was to take her part in the “ scramble.”

A brief survey of the political situation, and of the

position of the European Powers in Africa, at the begin-

TheposJ^ ning of the last quarter of the 19th century,

tion in will form a fitting prelude to the history of the
isrs. modern partition of the continent. In 1875
Egypt was under the rule of Ishmail Pasha, who had, two
years before, been granted by the Sultan the right of con-

cluding treaties with foreign Powers and of maintaining

armies. The Khedive’s troops had by this time pushed

their way southwards along the Nile valley, and had
established Egyptian rule in Darfur and Kordofan, while

Egyptian influence may be said to have extended right up
to the Albert Hyanza. Tripoli was then, as now, a pro-

vince of the Turkish empire. Morocco, then as now, was
an independent state, while Algeria, wliich had been con-

quered by France in the second quarter of the century,

had been for four years under civil administration so far

as the coast regions were concerned, though military rule

was stiU maintained in the interior, and the Saharan tribes

did not recognize French authority in any form. On the

west coast France had, since the I7th century, been
settled at the mouth of the Senegal river, and had made
successive advances into the interior towards the valley of

the Tipper Mger. On the coast her influence was recog-

nized by treaty, from Cape Blanco to the British settle-

ments on the Gambia, and a considerable region had been
brought under some sort of administrative control. Below
the Gambia France touched the coast again at Casamance,
and had extended her influence for some distance towards
the interior. On the Ivory Coast France had acquired
vague rights, which were turned to good account in the
subsequent scramble at Grand Bassam and Assinie, but
in 1875 she had taken no practical steps to occupy and
administer even these isolated points. The same observa-
tion applies to Porto hfovo, where France had acquired
some sort of footing wbich enabled her to lay the founda-
tion of her present colony of Dahomey. Farther down
the coast the French had establishments at the estuary of
the Gabun and on the Ogow4 river, but M. Savorgnan de
Brazza had not yet begun the work of founding the French
Congo Colony. Save for the islands of Keunion, St
Marie, Mayotte, and Hossi-Be, and for the port of Obok,
near the southern entrance to the Red Sea—^which had
been acquired by purchase in 1862, though it was not

effectively occupied till 1883—this exhausts the list of

French possessions in Africa in 1875.

Spanish possessions in Africa at the same date con-

sisted of the Canary Islands, an old fort on the Eio

d’Oro,—on the ownership of which Spain subsequently

based claims to the stretch of coast between the southern

limits of Morocco and France’s Senegambian possessions,

extending from Cape Bojador to Cape Blanco, a distance

of some 500 miles,—^the island of Fernando Po in the Guff

of Guinea, and a small strip of territory on the banks of

the Muni river, which was also claimed by France.

The position of Portugal in Africa in 1875 is very diffi-

cult to define. The glorious record of the Portuguese in

the exploration of the continent cannot be recapitulated

here. But on the strength of her achievements in the

past Portugal put forward claims which were as vague as

they were extensive, and which the other European Powers
interested in Africa firmly refused to recognize. Compared
with the claims which she subsequently made, the area of

African territory which was actually administered by
Portugal in 1875 was ludicrously small. Apart from her

island possessions Portugal had a small settlement on the

Guinea Coast, south of the French settlement of Oasa-

mance, another small settlement at Kabinda, north of the

estuary of the Congo, and more extensive possessions

south of that river, constituting the provinces of Loanda,

Benguela, and Mossamedes. On the east of the continent

the Portuguese were settled at Sofala, Mozambique, and
other parts of the coast, but their administration was sunk

in lethargy, and it is impossible to say, with any approach

to accuracy, what were the limits within which they

exercised any effective supervision. It was, however, in

1875 that Marshal MacMahon, the then President of the

French Republic, settled the long-standing dispute between

Great Britain and Portugal for the possession of Delagoa

Bay in favour of the latter Power.
In 1875 Great Britain was without question, both as

regards the area and the importance of her possessions, the

European Power most considerably interested in Africa.

But her interests were not confined to territorial rights.

British explorers, missionaries, and traders had established

British “influence” in various regions of the continent,

without obtaining, and in some cases without seeking,

Government sanction. For this apparent slackness in

regularizing British interests by formal engagements there

were two reasons. In the first place the home Govern-
ment, acting in pursuance of the resolution of 1865, was
unwilling to extend the area of its obligations; and in

the second place, except in West Africa, where France

had shown considerable activity, little or no fear was
entertained of the competition of other European Powers.

FTative chiefs, in many parts of the continent which are

now included in non-British spheres of influence, petitioned

for British protection; but their requests were refused,

partly because of an unwillingness to extend responsibili-

ties beyond the coast, and partly because it was assumed
that Great Britain could at any moment take formal pos-

session, should it suit her purpose to do so. In this

way British influence “ predominated ” on the Niger and
in the Sultanate of Zanzibar, but in neither case had that

predominating influence found formal expression, and
when the scramble suddenly began, intruding rivals forced

Great Britain to defend her position, which she was only

able to make good by considerable sacrifices. At the

beginning of the last quarter of the 19th century Great

Britain had in fact no recognized footing on the eastern

mainland of the African continent north of Natal, the

area of which colony was at that period estimated at

less than 12,000 square miles. To the north of Natal,

along the coast, Zululand was still independent. South
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of Natal, Pondoland was also independent, and there were

other isolated patches of territory which had not been

brought under British rule
;
but with these comparatively

unimportR-nt exceptions the whole of the southern end of

the continent, up to the Orange river and the Orange

Free State, was British. Basutoland had been annexed

in 1868, and three years later had been added to Cape

Colony. In 1875 the estimated area of Cape Colony, in-

cluding British Kaffiraria and Basutoland, was 201,000

square miles. Between the Orange river and the Yaal

was the Orange Pree State, and farther to the north the

Transvaal was still an independent republic. On the

west coast of Africa Great Britain’s possessions were little

more than coast settlements, with more or less ill defined

relations with the tribes of the interior, established for

purposes of trade rather than of administration. Passing

up the west coast from the Orange river, the first British

territory reached was, in 1875, the Gold Coast Colony,

which included the island of Lagos and a strip of the ad-

jacent coast land, as well as the British settlements on the

Gold Coast proper. Four years previously, in 1871, the

possessions of Great Britain on the coast had been

extended by the transfer, for a money consideration, of

the Dutch settlements to Great Britain, but even so

British authority did not extend any considerable distance

from the coast, and the whole area of the Gold Coast

settlements proper was roughly estimated at some 6000

square miles. Still farther round the coast was the then

still smaller colony of Sierra Leone, and still farther to

the north was the last of the West African settlements, on

the Gambia river, at that time estimated to have an area

of only 21 square miles.

Neither Germany nor Italy had at this time set foot

on the continent, nor had the Congo Free State begun to

take shape in the mind of its founder. Besides the inde-

pendent states already named, there were Abyssinia in the

north-east; the Sultanate of Zanzibar on the east coast,

including the islands of Zanzibar and Pemba, and a large

tract of territory on the mainland with no very clearly

defined boundaries; and on the west coast the negro

republic of Liberia, which had been established in 1820
as an experiment by the Washington Colonization Society,

and had been recognized as an independent state by the

European Powers in 1847.

Such, in brief outline, was the political condition of

Africa in 1875. In the interior, much of which was
either wholly unknown or but very imperfectly known to

Europeans, there were considerable native kingdoms, but
the materials for fixing their limits at any given moment
are extremely scanty, and in dealing with the partition of

Africa among the Powers of Europe it is unnecessary to

attempt to describe the political condition of the interior

of the continent. It may, however, be useful before pro-

ceeding further to attempt to tabulate the political

position in continental Africa in 1875, for the purpose of

comparison with the subsequent table showing the par-

tition of the continent in 1900. It must be borne in

mind that the figures given are in almost all cases

approximate, and have little positive value in them-
selves :

—

Position in 1875.
Area in sq. Miles.

GrREAT Britain

—

Cape Colony 201, OOO
Griqnaland West 17,800
Natal 11,172
Lagos 5,000
Gold Coast . 6,000
Sierra Leone 468
Gambia 21

Total British Africa . . . 241,461
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France—
Algeria . . . .

Senegambia . ....
Guinea Coast and Gabun

Area in sq. miles.

. 150,500

. 10,000

7,750

Total French Africa

.

. 168,250

Portugal

—

Senegambia and Guinea
Angola
Mozambique . ....

1,687
. 14,700
. 18,000

Total Portuguese Africa . . 34,387

Spain

—

Ceuta, &c. ,

Muni river settlements.... 3
850

Total Spanish Africa 853

Non-European States

—

Transvaal
Orange Free State

Liberia

Egypt and Sudan
Tunis
Morocco ... . .

Abyssinia \
Zanzibar J

. 110,000

. 49,000

. 14,300

.1,406,250

. 42,000

. 219,000

. No estimate.

Many circumstances had combined to arouse the interest

of Europe in the hitherto neglected continent of Africa.

Narratives of travel by such men as Eebmann, Krapf,

Burton, Speke and Grant, Schweinfnrth, Nachtigal,

Livingstone, and Stanley^ had stimulated interest outside

geographical circles. Livingstone’s tragic death in the

heart of the continent, and Stanley’s letters from Uganda,
where he arrived in April 1875, had aroused the enthu-

siasm of the missionary societies, while the importance of

finding new markets was turning the thoughts of the

manufacturing and trading classes to the possibilily of

Africa as a centre of commercial enterprise. The psycho-

logical moment had arrived, and with it the man who was
to shape these inchoate forces to a definite end. Leopold,

King of the Belgians, the sovereign of one of

the smallest states of Europe, found in the poidand
narrow limits of his kingdom an insufidcient tbeBrasseis

field for his restless energies and ambitions. Coniereace,

He had travelled in the Far East, and bad
^

entertained thoughts of founding a colony in that part of

the world. But Africa fascinated him as it did so many
less distinguished personages. The vast area of the almost

virgin continent offered an apparently illimitable field,

both for scientific exploration and for commercial develop-

: ment; and in September 1876 King Leopold took what
may be described as the first definite step in the modern
partition of the continent. He summoned to a conference

at Brussels representatives of Great Britain, Belgium,

France, Germany, Austria-Hungary, Italy, and Russia, to

deliberate on the best methods to be adopted for the

exploration and civilization of Africa, and the opening up
of the interior of the continent to commerce and industry.

The conference was entirely unofficial. The delegates who
attended neither represented nor pledged their respective

Governments. Their deliberations lasted three days, and
resulted in the foundation of The International African

Association,” with its headquarters at Brussels. It was
further resolved to establish national committees in the

various countries represented, which should collect funds

and appoint delegates to the International Association.

The central idea appears to have been to put the explora-

tion and development of Africa upon an international

footing. But it quickly became apparent that this was an

unattainable ideal. The national committees were soon

working independently of the International Association,

and the Association itself passed through a succession of

stages until it became purely Belgian in character, and
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at last developed into the Congo Free State, under the

personal sovereignty of Eang Leopold. At first the Asso-

ciation devoted itself to sending expeditions to the great

central lakes from the east coast ;
but failure, more or less

complete, attended its efforts in this direction, and it was

not until the return of Stanley from his great journey

down the Congo in January 1878, that its ruling spirit,

King Leopold, definitely turned his thoughts towards the

Congo. In June of that year, Mr Stanley visited the

king at Brussels, and in the following November a private

conference was held, and a committee was appointed for

the investigation of the Upper Congo.

Mr Stanley’s remarkable discovery had stirred ambition

in other capitals than Brussels, France had always taken

a keen interest in West Africa, and in the years

1875 to 1878 M. Savorgnan de Brazza had

Congo. carried out a successful exploration of the Ogowe
river to the south of the Gabun. M. de Brazza

determined that the Ogowe did not offer that great water-

way into the interior of which he was in search, and he

returned to Europe without having heard of the discoveries

of Mr Stanley farther south. Naturally, however, Mr
Stanley’s discoveries were keenly followed in France. In
Portugal, too, the discovery of the Congo with its magni-

ficent unbroken waterway of more than a thousand miles

into the heart of the continent, served to revive the

languid energies of the Portuguese, who promptly began
to furbish up claims whose age was in inverse ratio to

their validity. Claims, annexations, and occupations were

in the air, and when in January 1879, Mr Stanley left

Europe as the accredited agent of King Leopold and the

Congo committee, the strictest secrecy was observed as to

his real aims and intentions. The expedition was, it was
alleged, proceeding up the Congo to assist the Belgian

expedition which had entered from the east coast, and Mr
Stanley himself went first to Zanzibar. But in August
1879 Mr Stanley found himself again at Banana Point, at

the mouth of the Congo, with, as he himself has written,

the novel mission of sowing along its banks civilized

settlements to peacefully conquer and subdue it, to re-

mould it in harmony with modern ideas into national

states, within whose limits the European merchant shall

go hand in hand with the dark African trader, and justice

and law and order shall prevail, and murder and lawless-

ness and the cruel barter of slaves shall be overcome.”

The irony of human aspirations was never perhaps more
plainly demonstrated than in the contrast between the

ideal thus set before themselves by those who employed
Mr Stanley, and the actual results of their intervention in

Africa. Mr Stanley founded his first station at Vivi,

between the mouth of the Congo and the rapids that

obstruct its course where it breaks over the western edge
of the central continental plateau. Above the rapids he
established a station on Stanley Pool and named it Leo-
poldville, founding other stations on the main stream in

the direction of the falls that bear his name.
Meanwhile M. de Brazza was far from idle. He had

returned to Africa towards the end of the same year which
saw Stanley back on the Congo, and while the
agents of King Leopold were making treaties

and founding stations along the southern bank
of the river, M. de Brazza and other French agents were
equally busy on the northern bank. M, de Brazza was
sent out to Africa by the French committee of the Inter-

national African Association, which provided him with
the funds for the expedition. His avowed object was
to explore the region between the Gabun and Lake Chad.
But there is not much doubt that his real object was to
anticipate Mr Stanley on the Congo. The international

character of the association founded by King Leopold

was never more than a polite fiction, and the rivalry

between the French and the Belgians on the Congo was
soon open if not avowed. In October 1880 M. de Brazza

made a solemn treaty with a chief on the north bank of

the Congo, who claimed that his authority extended over

a large area, including territory on the southern bank of

the river. As soon as this chief had accepted French

protection, M. de Brazza crossed over to the south of the

river, and founded a station close to the present site of

Leopoldville. The discovery of the French station by
Mr Stanley naturally annoyed King Leopold’s agent, and
he promptly challenged the rights of the chief who pur-

ported to have placed the country under French protection,

and himself founded a Belgian station close to the site

selected by M. de Brazza. In the result, the French
station was withdrawn to the northern side of Stanley

Pool, where it is now known as Brazzaville.

The activity of French and Belgian agents in the

Congo had not passed unnoticed in Lisbon, and the

Portuguese Government saw that no time was
to be lost if the claims it had never ceased

to put forward on the west coast were not

to go by default. At varying periods during the 19th

century Portugal had put forward claims to the whole

of the West African coast, between 5“ 12' and 8'" south

latitude. North of the Congo mouth, she claimed the

territories of Kabinda and Molemba, alleging that they

had been in her possession since 1484. Great Britain

had never, however, admitted this claim, and south of the

Congo had declined to recognize Portuguese possessions

as extending north of Ambriz. In 1856 orders were given

to British cruisers to prevent by force any attempt to

extend Portuguese dominion north of that place. But
the Portuguese had been persistent in urging their claims,

and in 1882 negotiations were again opened with the

British Government for recognition of Portuguese rights

over both banks of the Congo on the coast, and for some
distance inland. Into the details of the negotiations,

which were conducted for Great Britain by Lord Gran-

ville, who was then Secretary for Foreign Affairs, it is

unnecessary to enter
;
they resulted in the signing on the

26th February 1884 of an agreement, by which Great

Britain recognized the sovereignty of the king of Portugal

“over that part of the west coast of Africa, situated

between 8'’ and 5*" 12' south latitude,” and inland as far

as Nokki, on the south bank of the Congo, below Yivi.

The navigation of the Congo was to be controlled by an
Anglo-Portuguese commission. The publication of this

treaty evoked immediate protests, not only on the Conti-

nent, but in Great Britain. In face of the universal

disapproval aroused by the agreement, Lord Granville

foimd himself unable to ratify it. The protests had not

been confined to France and the King of the Belgians.

Germany had not yet acquired formal footing in Africa,

but she was crouching for the spring prior to taking

her part in the scramble, and Prince Bismarck had ex-

pressed, in vigorous language, the objections entertained

by Germany to the Anglo-Portuguese agreement.

For some time before 1884 there had been growing up
a general conviction that it would be desirable, for the

Powers who were interesting themselves in Africa, to

come to some agreement as to “the rules of the game,”
and to define their respective interests so far as that was
practicable. Lord Granville’s ill-fared treaty brought

this sentiment to a head, and it was agreed to hold an

international conference on African affairs. But before

discussing the Berlin Conference of 1884-85, it will be

well to see what was the position, on the eve of the

conference, in other parts of the African continent. In

the southern section of Africa, south of the Zambezi,
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important events had been happening. In 1876 Great

Britain had concluded an agreement with the Orange

Free State for an adjustment of frontiers, the

^dtainia result of which was to leave the Kimberley

South diamond fields in British territory, in exchange
Africa^

fQj> a payment of £90,000 to the Orange Free

State. On the 12th April 1877, Sir Theophilus Shepstone

had issued a proclamation declaring the Transvaal—^the

South African Republic, as it was formerly designated

—

to be British territory. (See Tbansvaal.) On the 29th

September 1879, Sir Garnet Wolseley, the commander-in-

chief in South Africa, issued another proclamation, declar-

ing the Transvaal to be for ever an integral portion of

the British dominions in South Africa. In December

1880 war broke out, and lasted until March 1881, when

a treaty of peace was signed. This treaty of peace was

followed by a convention, signed in August of the same

year, under which complete self-government was guaranteed

to the inhabitants of the Transvaal, subject to the

suzerainty of Great Britain, upon certain terms and
conditions and subject to certain reservations and limit-

ations, Ko sooner was the convention signed than it

became the object of the Boers to obtain a modification

of the conditions and limitations imposed, and in February

1884 a fresh convention was signed, amending the con-

vention of 1881* Article lY. of the new convention

provided that “ The South African Republic wiU conclude

no treaty or engagement with any state or nation other

than the Orange Free State, nor with any native tribe to

the eastward or westward of the Republic, until the same

has been approved by Her Majesty the Queen.” The
precise effect of the two conventions has been the occasion

for interminable discussions, but as the subject is now one

of merely academic interest, it is sufficient to say that

when the Berlin Conference held its first meeting in 1884
the Transvaal was practically independent, so far as its

internal administration was concerned, while its foreign

relations were subject to the control just quoted. As
early as 1875, in a protocol attached to a treaty of friend-

ship, commerce, and boundaries, between the Transvaal and
Portugal, an agreement had been made for the construction

of a line between Delagoa Bay and Pretoria ;
and in 1884

a further agreement was made between the same parties

to the same effect, both agreements receiving the sanction

of Queen Victoria as suzerain.

But although the Transvaal had thus, between the

years 1875-84, become and ceased to be British territory,

British infiuence in other parts of Africa south of the

Zambezi had been steadily extended. To the west of the

Orange Free State, Griqualand West was annexed to the !

Cape in 1877, while to the east the territories beyond
the Kei river were included in Cape Colony between 1877
and 1884, so that in the latter year, with the exception
of Pondoland, the whole of South-East Africa up to FTatal

was in one form or another under British control. Horth
of Natal, Zululand was not actually annexed until 1887,
although since the 1879 war, and the restoration of

Cetewayo in 1882, British infiuence had been admittedly
supreme. In December 1884 St Lucia Bay had been
proclaimed a British possession, and three years later an
agreement of non-cession to foreign powers made by Great
Britain with the regent and paramount chief of Tonga-
land, completed the chain of British possessions on the
coast of South Africa, from the mouth of the Orange
river

^
on the west to Kosi Bay and the Portuguese

frontier on the east. In the interior of South Africa,
the year 1884 witnessed the beginning of that final stage
of the British advance towards the north which was
eventually to extend British influence from the Cape to
the southern shores of Lake Tanganyika. The activity of
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the Germans on the west, and of the Boer republic on the

east, had brought home to both the imperial and colonial

authorities the impossibility of relying on vague tradi-

tional claims. In May 1884 treaties were made with
native chiefs by which the whole of the country north of

Cape Colony, west of the Transvaal, south of 22“ S. latitude,

and east of 20“ E. longitude was placed under British

protection, though a protectorate was not formally declared

until the following January. The southern portion of this

newly-acquired territory up to the Molopo river was in

September 1875, under the name of British Bechuanaland,
placed under the jurisdiction of the governor of Cape
Colony, while the territory north of the Molopo river and
south of 22“ S. latitude, which included Khama’s country,

Bathoen’s country, Sebele’s countiy, and the Kalahari
desert, was at the same time declared a British protec-

torate, the local administration being left in the hands of

the native chiefs.

Meanwhile some very interesting events had been
taking place on the west coast, north of the Orange
river, and south of the Portuguese province of Germany
Mossamedes. In Germany a variety of circum- in Souths

stances had conspired to turn the thoughts of ^est

both the rulers and the ruled towards the

acquisition of territories overseas, where German colonists

could settle under the German flag. It must be suffi-

cient here to touch very briefly on the events that

preceded the foundation of what is now the colony of

German South-West Africa, For many years prior to

1884, German missionaries had settled among the Damaras
and Namaquas, often combining small trading operations

with their ndssionary work. From time to time trouble

arose between the missionaries and the native chiefs, and
appeals were made to the German Government for

protection. The German Government in its turn begged
the British Government to say whether it assumed responsi-

bility for the protection of Europeans in Damaraland and
Namaqualand. The position of the British Government
was intelligible, if not very intelligent. It did not desire

to see any other European Power in these countries, and
it did not want to assume the responsibility and incur

the expense of protecting the few Europeans settled there.

Sir Bartle Frere, when Governor of the Cape (1877-81),

had foreseen that this attitude portended trouble, and had
urged that the whole of the unoccupied coast-line, up to

the Portuguese frontier, should be declared under British

protection. But he preached to deaf ears, and it was as

something of a concession to him that in March 1878

the British flag was hoisted at Walfisch Bay, and the

country for a radius of 15 miles was declared to be

British. The fact appears to be that British statesmen

failed to understand the change that had come over

Germany. They believed that Prince Bismarck would

never give his sanction to the creation of a colonial empire,

and, to the German inquiries as to what rights Great

Britain claimed in Damaraland and Namaqualand, pro-

crastinating replies were sent. Meanwhile the various

colonial societies established in Germany had effected a

revolution in public opinion, and, more important still,

they had convinced the great Chancellor. Accordingly

when, in November 1882, Herr Luderitz, a Bremen

merchant, informed the German Government of his inten-

tion to establish a factory on the coast between the Orange

river and the Little Fish river, and asked if he might

rely on the protection of his Government in case of need,

he met with no discouragement from Prince Bismarck.

In February 1883 the German ambassador in London

informed Lord Granville of Herr Luderitz’s desi^ and

asked whether Her Majesty^s Government exercise any

authority in that locality.” It was intimatecl that if Her
S. I.— 19
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Majesty^s Government did not, the German Government

would extend to Herr Luderitz’s factory “the same

measure of protection which they give to their subjects in

remote parts of the world, but without having the least

design to establish any footing in South Africa.” An
inconclusive reply was sent, and on the 9th April Herr

Luderitz’s agent landed at Angra Pequena, and after a

short delay concluded a treaty with the local chief, by

which some 215 square miles around Angra Pequena Bay

were ceded to Herr Luderitz. In England and at the

Cape irritation at the news was mingled with incredulity,

and it was fully anticipated that Herr Liideritz would be

disavowed by his Government. But for this belief, it can

scarcely be doubted that the rest of the unoccupied coast-

line would have been promptly declared under British

protection. In the month of August the German
Government intimated to their consular representative at

the Cape their preparedness to take Herr Luderitz’s

concessions under the protection of the Imperial Govern-

ment. In Hovember the German ambassador again

inquired if Great Britain made any claim over this coast,

and Lord Granville replied that Her Majesty exercised

sovereignty only over certain parts of the coast, as at

Walfisch Bay, and suggested that arrangements might be

made by which Germany might assist in the settlement of

Angra Pequena. By this time Herr Luderitz had extended

his acquisitions southwards to the Orange river, which had
been declared by the British Government to be the

northern frontier of Cape Colony. Both at the Cape and
in England it was now realized that Germany had broken
away from her former purely Continental policy, and, when
too late, the Cape parliament showed great eagerness to

acquire the territory which had lain so long at its very

doors, to be had for the taking. It is not necessary to

follow the course of the subsequent negotiations. On the

15th August 1884 an ofl&cial note was addressed by the

German consul at Capetown to the High Commissioner,

intimating that the German Emperor had by proclamation

taken “ the territory belonging to Mr A. Luderitz on the

west coast of Africa under the direct protection of His
Majesty.” This proclamation covered the coast-line from
the north bank of the Orange river to 26” S. lati-

tude, and 20 geographical miles inland, including “the
islands belonging thereto by the law of nations.” On the

8th of the following month—September 1884—the

German Government intimated to Her Majesty’s Govern-
ment, “ that the west coast of Africa from 26° S. latitude

to Cape Prio, excepting Walfisch Bay, had been placed
under the protection of the German Emperor.” Thus,
before the end of the year 1884, the foundations of

Germany’s colonial empire had been laid in South-West
Africa.

In April of that year Prince Bismarck intimated to the
British Government, through the German charge d’affaires

in London, that “the Imperial consul-general,

Africa^ Hr Hachtigal, has been commissioned by my
Government to visit the west coast of Africa in

the course of the next few months, in order to complete
the information now in the possession of the Foreign
Office at Berhn, on the state of German commerce on that
coast. With this object Dr Nachtigal will shortly embark
at Lisbon, on board the gunboat Mowe, He will put him-
self into communication with the authorities in the British
possessions on the said coast, and is authorized to conduct,
on behalf of the Imperial Government, negotiations con-
nected with certain questions. I venture,” the official

communication proceeds, “ in accordance with my instruc-
tions, to beg your excellency to be so good as to cause the
authorities in the British possessions in West Africa to be
furnished with suitable recommendations.” Although at
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the date of this communication it must have been apparent,

from what was happening in South Africa, that Germany
was prepared to enter on a policy of colonial expansion,

and although the wording of the letter was studiously

vague, it does not seem to have occurred to the British

Government that the real object of Dr Hachtigal’s journey
was to make other annexations on the west coast. Yet
such was indeed his mission. German traders and mission-

aries had been particularly active of late years on the coast

of the Gulf of Guinea. German factories were dotted all

along the coast in districts under British protection, under
French protection, and under the definite protection of no
European Power at all. It was to these latter places that

Dr Hachtigal turned his attention. The net result of his

operations was that on the 5th July 1884 a treaty was
signed with the king of Togo, placing his country under
German protection, and that just one week later a
German protectorate was proclaimed over the whole of

the Cameroon district. Before either of these events

had occurred Great Britain had become alive to the fact

that she could no longer dally with the subject, if she

desired to consolidate her possessions in West Africa.

The British Government had again and again refused to

accord native chiefs the protection they demanded. The
Cameroon chiefs had several times asked for British

protection, and always in vain. But at last it became

apparent, even to the official mind, that rapid changes

were being effected in Africa, and on the 16th May Consul

Hewett received instructions to return to the west coast

and to make arrangements for extending British protec-

tion over certain regions. He arrived too late to save

either Togoland or Cameroon, in the latter case arriv-

ing five days after King Bell and the other chiefs on

the river had signed treaties with Dr Kachtigal. But
the British consul was in time to secure the delta of the

river Niger and the Oil Rivers District, extending from

Rio del Rey to the Lagos frontier, where for a long

period British traders had held almost a monopoly of the

trade. Meanwhile France, too, had been busy treaty-

making. During the year 1884 no less than forty -two
treaties were concluded with native chiefs, an even larger

number having been concluded in the previous twelve

months. While the British Government stiU remained

under the spell of the fatal resolution of 1865, the

French Government was strenuously endeavouring to

extend France’s influence in West Africa, in the countries

lying behind the coast-line. In the campaign of 1880-81

Captain Gallieni advanced as far as Bammako, on the

Upper Niger, and other French officials were steadily

pursuing the policy which has resulted in surroundmg all

the old British possessions in West Africa with a con-

tinuous band of French territory. In 1881 a preliminary

step was taken in a project which, still unrealized, has

always exercised a strange fascination over that section of

public opinion in France which mostly concerns itself with

African affairs. To join France’s possessions on the Medi-

terranean with her colonies in West Africa, by means of a

railway is, with many Frenchmen, a haunting ambition.

We need not consider the strategical, political, and com-

mercial arguments which are advanced in favour of the

proposed trans-Saharan railway, or discuss the difficulties

which surround the accomplishment of this grandiose

conception. But, in 1881, an expedition was sent from

Algeria to make a preliminary survey and report. It

was under the command of Colonel Flatters, and had not

advanced very far into the desert before it was attacked

by the Tuaregs and massacred.

There was, however, one region on the west coast where,

notwithstanding the lethargy of the British Government,

i British interests were being vigorously pushed, protected.
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and consolidated. This was on the Lower Niger, and the

leading spirit in the enterprise was Sir George Taubman
Goldie. After the discovery of the course of

The Niger* Lower Niger in 1829 several expeditions had

been undertaken, both by the British Government and by

private persons, up the river, but owing to the opposi-

tion of the tribes who acted as middlemen between the

European traders on the coast and the native traders in

the interior, and to the unhealthy climatic conditions,

very little progress was made in opening up communica-

tion with the inland tribes. Factories were established on

the Niger delta and on the Oil Rivers creeks by several

trading firms, mostly hailing from Liverpool and Glasgow,

but up to the year 1879 nothing was done to secure joint

action. In that year the various trading firms on the

Lower Niger formed themselves into the “ United African

Company,” and the foundations were laid of something like

settled administration. An application was made to the

British Government for a charter in 1881, and the capital

of the company increased to a million sterling. Hence-

forth the company was known as the “ National African

Company,” and it was acknowledged that its object was

not only to develop the trade of the Lower Niger, but to

extend its operations to the middle reaches of the river,

and to open up direct relations with the great Fulah

empire of Sokoto and the smaller states associated with

Sokoto under a somewhat loosely-defined suzerainty. The

great development of trade which followed the combina-

tion of British interests carried out under the skilful

guidance of Mr Goldie-Taubman (now Sir George Goldie)

did not pas,s unnoticed in France, and, encouraged by
Gambetta, French traders made a bold bid for a position

on the river. Two French companies, with ample capital,

were formed, and various stations were established on the

Lower Niger. Sir George Goldie realized at once the

seriousness of the situation, and lost no time in declaring

commercial war on the new comers. His bold tactics

were entirely successful, and a few days before the meet-

ing of the Berlin Conference he had the satisfaction of

aimouncing that he had bought out the whole of the

French interests on the river, and that Great Britain alone

possessed any interests on the Lower Niger,

To complete the survey of the political situation in

Africa, when the plenipotentiaries met at Berlin, it is

necessary to refer briefly to the course of

position in events in North and East Africa since 1875.

North and In 1881 the French army entered Tunis, and
compelled the Bey to sign a treaty placing that

country under French protection. The Sultan

of Turkey formally protested against this invasion of

Ottoman rights, but the Great Powers took no action,

and France was left in undisturbed possession of her

newly -acquired territory. In Egypt the joint control

exercised by Great Britain and France under the Khedival
decree of 10th November 1879 had broken down, owing
to the refusal of France to join in the suppression of the

Arabi Pasha rebellion, and had been abolished by the
decree of 18th January 1883; since which date Great
Britain had assumed a predominant position in Egyptian
affairs, (See Egypt.) In East Africa, north of the Portu-
guese possessions, where the Sultan of Zanzibar was the
most considerable native potentate, Germany was secretly

preparing the foundations of her present colony of German
East Africa. But no overt act had warned Europe of what
was impending. The story of the foundation of German
East Africa is one of the romances of the continent.
Early in 1884 the Society for German Colonization was
founded, with the avowed object of farthering the newly-
awaken^ colonial aspirations of the German people. It
"was a society inspired and controlled by young men, and

on the 4th November 1884, eleven days before the con-

ference assembled at Berlin, three young Germans arrived

as deck passengers at Zanzibar. They were disguised as

mechanics, but were in fact Dr Carl Peters the president

of the Colonization Society, Joachim Count Pfeil, and Dr
Jiihlke, and their stock-in-trade consisted of a number of

German flags and a supply of blank treaty forms. They
proposed to land on the mainland opposite Zanzibar, and
to conclude treaties in the back country with native chiefs

placing their territories under German protection. The
enterprise was frowned upon by the German Government

;

but, encouraged by German residents at Zanzibar, the

three young pioneers crossed to the mainland, and on the

19th November, while the diplomatists assembled at Berlin

were solemnly discussing the rules which were to govern

the game of partition, the first “treaty” was signed at

Mbuzini, and the German flag raised for the first time in

East Africa.

In the period between 1875-84 Italy had also obtained

ir first footing on the African continent. By a treaty

with the sultan of Assab, chief of the Danakils, signed on

the 15th March 1883 and subsequently approved by the

King of Shoa, Italy obtained the cession of part of Ablis

(Aussa) on the Bed Sea, Italy undertaking to protect with

her fleet the Danakil littoral.

One other event of some importance must further be

recorded as happening before the meeting of the Berlin

Conference. The King of the Belgians had been driven

to the conclusion that, if his African enterprise was to

obtain any measure of permanent success, its international

status must be recognized. To this end negotiations were

opened with various Governments. The first Govern-

ment to “ recognize the flag of the International African

Association as the flag of a friendly Government” was
that of the United States, its declaration to that effect

bearing date the 22nd April 1884. There were, however,

difficulties in the way of obtaining the recognition of the

European Powers, and in order to obtain that of France,

and while labouring under the feelings of annoyance which

had been aroused by the Anglo-Portuguese agreement con-

cluded by Lord Granville in February, Fang Leopold, on

the 23rd April 1884, authorized Colonel Straucb, president

of the International Association, to engage to give France

“the right of preference if, through unforeseen circum-

stances, the Association were compelled to sell its posses-

sions.” France’s formal recognition of the Association as a

Government was, however, delayed by the discussion of

boundary questions until the following February, and in the

meantime Germany, Great Britain, Italy, Austria-Hnngary,

Holland, and Spain had all recognized the Association

;

though Germany alone had done so—on 8th November

—

before the assembling of the conference.

The conference assembled at Berlin on 15tli November

1884. Its last sitting was held on the 30th January

1885, and the “General Act of the Berlin

Conference ” was signed by the lepresenta-

tives of all the Powers attending the con-

ference, except the United States, on the 24th

February- The European Powers represented were Great

Britain, Germany, Austria-Hungary, Belgium, Denmark,

Spain, France, Italy, Holland, Portugal, Bussia, Sweden and

Norway, and Turkey, to name them in the order adopted in

the preamble to the General Act. It is unnecessary to ex-

amine in detail the results of the labours of the conference.

The General Act dealt with six specific subjects
: (1) freedom

of trade in the basin of the Congo, (2) the slave trade, (3)

neutrality of territories in the basin of the Congo, (4) navi-

gation of the Congo, (5) navigation of the Niger, (6) rules

for future occupation on the coasts of the African conti-

nent. It will be seen that the Act dealt with other matters
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than the political partition of Africa
;
but, so far as they

concern our present purpose, the results effected by the

Berlin Act may be summed up as follows. The signatory

Powers undertook that any fresh act of taking possession

on any portion of the African coast must he notified by

the Power taking possession, or assuming a protectorate,

to the other signatory Powers. It was further provided

that any such occupation to be valid must be effective.

It is also noteworthy that the first reference in an inter-

national Act of the obligations attaching to “ spheres of

influence ’’
is contained in the Berlin Act.

The basin of the Congo was defined as “ bounded by the

watersheds (or mountain ridges) of the adjacent basins,

namely, in particular those of the Niari, the

FrL^state
Shari, and the IsTile on the north

;

by the eastern watershed line of the affluents of

Lake Tanganyika on the east
;
and by the watersheds of

the basins of the Zambezi and the Log6 on the south. It

therefore comprises all the regions watered by the Congo
and its affluents, including Lake Tanganyika, with its

eastern tributaries.” In this conventional basin of the

Congo the trade of all nations was to enjoy complete free-

dom. But the free-trade zone was extended considerably

beyond the Congo basin. It comprised on the east coast

the maritime zone, extended from 2° 30' of S. lat. to the

mouth of the Log^. The northern boundary of the free-

trade zone followed the parallel of 2° 30' to the geo-

grai^hical basin of the Congo, and thence to the east coast

at 5° iN'. lat., the eastern boundary following the coast

southwards to the mouth of the Zambezi
;
from this latter

point the southern boundary followed the Zambezi to 5
miles above its confluence with the'Shir4, and thence along

the Nyasa-Zambezi watershed to the Congo-Zambezi water-

shed and the source of the Loge, which it followed to the

coast. The approval of independent sovereign states in

the eastern zone, which were not parties to the convention,

was, however, to be obtained as a condition precedent to

the extension of free trade to the eastern zone. The Act
contained provisions limiting the dues to be levied within
the prescribed area to such as “may be levied as fair

compensation for expenditure in the interests of trade,”

prohibiting the imposition of preferential duties, and
declaring the river free to the trading flags of all nations.

The conventional basin of the Congo was to remain neutral

in all circumstances, and an international navigation com-
mission of the Congo wJfe to be instituted to supervise the
carrying out of the principles proclaimed in the General Act
on that river and its affluents. ISTo such commission was,
however, in fact appointed. The navigation of the Niger and
all its affluents was declared free to the merchant vessels

of all nations, and Great Britain and France severally

undertook to extend protection to traders of other nation-

alities in those portions of the river which were under their

sovereignty or protection.

It will be remembered that when the conference

assembled the International Association of the Congo had
only been recognized as a sovereign state by the United
States and Germany. But King Leopold and his agents
had taken full advantage of the opportunity which the
conference afforded, and before the General Act was signed
the Association had been recognized by all the signatory
Bowers, with the not very important exception of Turkey,
and the fact communicated to the conference by Colonel
Strauch. It was not, however, until two months later, in
April 1885, that King Leopold, with the sanction of the
Belgian legislature, formally assumed the headship of the
new state

; and on the 1st August in the same year His
Majesty notified the Powers that from that date the “In-
dependent State of the Congo ” declared that “ it shall be
perpetually neutral ” in conformity with Article X, of the
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Berlin Act. Thus was finally constituted the Congo Free

State, under the sovereignty of King Leopold, though the

boundaries claimed for it at that time were considerably

modified by subsequent agreements.

From 1885 the scramble among the Powers went on
with renewed vigour, and in the fifteen years that remained

of the century the work of partition, so far as Develop^
international agreements were concerned, was ments^"

practically completed. To attempt to follow since 188S.

the process of acquisition year by year would involve a

constant shifting of attention from one part of the continent

to another, inasmuch as the scramble was proceeding

simultaneously all over Africa. It will therefore be the

most convenient plan to deal with the continent in sections,

roughly corresponding to the quarters of the compass, with

the Congo Free State as a sort of central state, the growth
of which may serve as the starting-point for the story of

the partition after the Berlin Conference. In the notifica-

tion to the Powers of 1st August 1885, the boundaries of

the Free State were set out in considerable detail. The
limits thus determined resulted partly from agreements

made with France and Portugal, and partly from treaties

with native chiefs, and left the northern bank of the Congo
to a point a little above Manyanga to the Free State, and

the southern bank as far as Nokki to Portugal. The
southern frontier was continued along the parallel of Nokki
till it intersected the river Kwango, which it followed in a

southernly direction. The northern frontier from Manyanga
followed the Congo as far as Stanley Pool, then the median

line of that pool, leaving the Congo at a point above the

Likona-Nkunja river, following its watershed, to the 17th

degree of longitude east of Greenwich, which degree it

followed until its intersection with the 4th parallel of

N. latitude, following that latitude until it met the 30th

degree of longitude east of Greenwich, which formed the

eastern boundary of the Free State. The south-eastern

frontier claimed by King Leopold extended to Lakes

Tanganyika, Mweru, and Bangweulu, but it was not until

some years later that it was recognized and defined by the

agreement of May 1894 with Great Britain. The inter-

national character of King Leopold’s enterprise had not

long been maintained, and his recognition as sovereign of

the Free State confirmed the distinctively Belgian character

which the Association had assumed, even before that event.

The king was naturally anxious that the right of pre-

emption which he had given to France should not operate

against Belgium, and in April 1887 the French Govern-

ment, in return for territorial concessions on the Mobangi,

formally declared that France’s right of pre-emption

could not be opposed to Belgium’s preferential rights;

and by his will, dated 2nd August 1889, His Majesty

made Belgium heir to the sovereign rights of the

Congo Free State. In July 1890 the Free State

concluded an agreement with Belgium, by which the

Belgian Government agreed to make a loan to the Free

State of twenty-five millions of francs, spread over ten years,

Belgium acquiring the right within six months after the

expiry of that period to annex the Free State. To com-

plete this section of the subject, it may be stated that an

annexation Bill, introduced into the Belgian parliament

in 1895, was withdrawn, and up to June 1901 Belgium
had still taken no formal steps to assume direct responsi-

bility for the Free State as a Belgian colony.

The area of the Free State, vast as it was, did not

suffice to satisfy the ambition of its sovereign. King
Leopold maintained that the Free State enjoyed,

equally with any other state, the right to extend
its frontiers. As this ambition brought the
Free State into sharp conflict with its various European
neighbours, it may be well to consider, in the light of subse-

AFRICA



eistoet]

quent events, wliat were at this period the designs enter-

tained by the different European Powers that participated

in the struggle for Africa. Portugal was striving to

retain as large a share as possible of her shadowy empire,

and particularly to establish her claims to the Zambezi

region, so as to secure a belt of territory across Africa

from Mozambique to Angola. Great Britain, once aroused

to the imminence of the danger, put forth vigorous efforts

in East Africa and on the Niger, but her most ambitious

dream was the establishment of an unbroken line of

British possessions and spheres of influence from south to

north of the continent, from Cape Colony to Egypt.

Germany's ambition can be easily described. It was to

secure as much as possible, so as to make up for lost

opportunities. Erench ambitions, apart from Madagascar,

were confined to the northern and central portions of the

continent. To extend her possessions on the Mediterranean

littoral, and to connect them with her colonies in West

Africa, the Western Sudan, and on the Congo, by

establishing her influence over the vast intermediate

regions, was France’s first ambition. But the defeat of

the Italians in Abyssinia, and the impending downfall of

the Khalifa’s power in the valley of the Upper Nile, sug-

gested a still more daring project to the French Govern-

ment—none other than the establishment of French

influence over a broad belt of territory stretching across

the continent from west to east, from Senegal on the

Atlantic coast to Jibutil on the Gulf of Aden. These

conflicting ambitions could not all be realized, and

Germany succeeded in preventing Great Britain from

realizing her ambition of a continuous band of British

territory from south to north, while Great Britain, by

excluding France from the Upper Nile valley, dispelled

the French dream of an empire from west to east.

It was in the struggle betw’-een France and Great

Britain for the Upper Nile valley that the ambition of

XiBg King Leopold involved the Congo Free State.

Leopold The Egyptian Sudan, after the death of Gordon
snd the in January 1885, was abandoned to the Mahdi.
Nile, Egyptian frontier was withdrawn to Wady-
Haffa, and the vast provinces of Kordofan, Darfur, and
the Bahr-el-Ghazal were given over to Dervish tyranny and
misrule. But it was obvious that this was not a state of

things which could continue indefinitely. Under the wise

guidance of Lord Cromer the finances of Egypt had been

placed on a sound basis, and under British officers the

despised fellaheen had developed soldierly qualities of

which they had before given no sign. That Egypt would
seek to recover her position in the Sudan was a foregone

conclusion, as the command of the Upper Nile was recog-

nized as essential to her continued prosperity. But the

international position of the abandoned provinces was by
no means clear. The British Government, by the Anglo-

German agreement of July 1890, had secured the assent

of Germany to the proposition that the British sphere of

influence in East Africa was bounded on the west by the

Congo Free State and by “the western watershed of the

l^sin of the Upper Nile ”
;
but this claim was not recognized

either by France or by the Congo Free State. From her

base on the Congo, France was busily engaged pushing for-

ward along the northern tributaries of the great river. On
27th April 1887 an agreement was signed with the Congo
Free State by which the right bank of the Mobangi river

was secured to French influence, and the left bank to the

Congo Free State, with this proviso, that the northern

boundary of the Free State was not to descend below the
fourth parallel of north latitude. The desire of France to

secure a footing in the Upper Nile valley was partly due,
as We have seen, to her anxiety to extend a French zone
ftoxoss Africa, but it was also and to a large extent
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attributable to the belief, widely entertained in France,
that by establishing herself on the Upper Nile France
could regain the position in Egyptian affairs which she had
sacrificed in 1882. With these strong inducements France
set steadily to work to consolidate her position on the

tributary streams of the Upper Congo basin, preparatory

to crossing into the valley of the Upper Nile. As a step

in this direction the Mobangi region was constituted a

separate province, under M. Liotard as governor. Mean-
while a similar advance was being made from the Congo
Free State northwards and eastwards. King Leopold had
two objects in view—to obtain control of the rich province

of the Bahr-el-Ghazal and to secure an outlet on the

Nile. Stations were established on the Welle river, and
in February 1891, Captain van Kerckhoven left Leopold-

ville for the Upper Welle with the most poweiful expedi-

tion which had, up to that time, been organized by
the Free State. After some heavy fighting the expedition

reached the Nile in September 1892, and opened up com-

munications with the remains of the old Egyptian garrison

at Wadelai. Other expeditions under Belgian officers

penetrated into the Bahr-el-Ghazal, and it was apparent

that King Leopold proposed to rely on effective occupation

as an answer to any claims which might be advanced by
either Great Britain or France. The news of what w'as

happening in this remote region of Africa filtered through

to Europe very slowly, but King Leopold was warned on

several occasions that Great Britain would not recognize

any claims by the Congo Free State on the Bahr-el-Ghazal.

The difficulty was, however, that neither from Egypt,

whence the road was barred by the Khalifa, nor from

Uganda, which was too far removed from the coast to

serve as the base of a large expedition, could a British

force be despatched to take eftective occupation of the

Upper Nile valley. There was, therefore, danger lest the

French should succeed in establishing themselves on the

Upper Nile before the preparations which were being

made in Egypt for “smashing” the Khalifa were com-

pleted.

In these circumstances Lord Bosebery, who was then

foreign minister, began, and his successor, Lord Kimberley,

completed, negotiations with King Leopold xheAn^io^
which resulted in the conclusion of the Anglo- Congolese

Congolese agreement of 12th May 1894. By agreement

this agreement King Leopold recognized the

British sphere of influence as laid down in the Anglo-

German agreement of July 1890, and Great Britain

granted a lease to King Leopold of certain territories in

the western basin of the Upper Nile, extending on the

Nile from a point on Lake Albert to Fa&hoda, and west-

wards to the Congo-Nile watershed. The practical effect

of this agreement was to give the Congo Free State a

lease, during its sovereign’s lifetime, of the old Bahr-el-

Ghazal province, and to secure after His Majesty’s death

a portion of that territory, with access to a port on Lake
Albert, to his successor. At the same time the Congo
Free State leased to Great Britain a strip of territory,

15-^ miles in breadth, between the north end of Lake
Tanganyika and the south end of Lake Albert Edward,

This agreement was hailed as a notable triumph for

British diplomacy. But the triumph was short-lived.

By the agreement of July 1890 with Germany, Great

Britain had been reluctantly compelled to abandon her

hopes of through communication between the British

spheres in the northern and southern parts of the con-

tinent, and to consent to the boundary of German East

Africa marching with the eastern frontier of the Congo

Free State. Germany frankly avowed that she did not

wish to have a powerful neighbour interposed between^

herself and the Congo Free State, and later troubles as
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to frontiers in the Lake Kivu region fully justified the

attitude of the German Government, It was obvious that

the new agreement would effect precisely what Germany

had declined to agree to in 1890. Accordingly Germany

protested in such vigorous terms that, on the 22nd June

1894, the offending article was withdrawn by an exchange

of notes between Great Britain and the Congo Free State.

Opinion in France was equally excited by the new agree-

ment. It was obvious that the lease to the Congo Free

State was intended to exclude France from the Nile by

placing the Congo Free State as a barrier across her path.

Pressure was brought to bear on King Leopold, from Paris,

to renounce the rights acquired under the agreement. It

is not known what communications, if any, passed between

the sovereign of the Free State and the British Government,
|

whether King Leopold asked for, or was refused, support
,

against French pressure
;
but on the 14th August 1894

'

King Leopold signed an agreement with France by which,

in exchange for France’s acknowledgment of the Mbomu
river as his northern frontier. His Majesty renounced all

occupation and all exercise of political influence west of

30“ E. longitude, and north of a line drawn from the inter-

section of that meridian with the parallel 5° 30' of N.

latitude, and along that parallel to the Nile.

This left the way still open for France to the Nile, and

in June 1896 Captain Marchand left France with secret

instructions to lead an expedition into the Nile
France and valley. On the 1st of March in the following

^FGh^aL Brazzaville, and began a journey

which all but plunged Great Britain and France

into war. The difficulties which Captain Marchand had
to overcome were mainly those connected with transport.

In October 1897 the expedition reached the banks of the

Sueh, the waters of which eventually flow into the Nile.

Here a post was established and the Faidherhe^ a

steamer which had been carried across the Congo-Nile

watershed in sections, was put together and launched.

On the 1st May 1898 Marchand started on the final stage

of his journey, and reached Fashoda on the 10th July,

having established a chain of posts en route. At Fashoda
the French flag was at once raised, and a treaty ” made
with the local chief. Meanwhile other expeditions had
been concentrating on Fashoda—a mud-fiat situated in a
swamp, round which for many months raged the angry
liassions of two great peoples. French expeditions, with
a certain amount of assistance from the Emperor Menelek
of Abyssinia, had been striving to reach the Nile from the

east, so as to join hands with Marchand and complete the

line of posts to the Abyssinian frontier. In this, however,

they were unsuccessful. No better success attended the

expedition under Colonel Macdonald, B.E., sent by the

British Government from Uganda to anticipate the
French in the occupation of the Upper Nile. It was
from the north that claimants arrived to dispute

with the French their right to Fashoda, and all that
the occupation of that dismal post implied. In 1897
an Anglo-Egyptian army, under the direction of Sir

Herbert (afterwards Lord) Kitchener, had begun to advance
southwards for the reconquest of the Egyptian Sudan.
On the 2nd September 1898 Khartum was captured,
and the Khalifa’s army dispersed. It was then that
news reached the Anglo-Egyptian commander, from native
sources, that there were white men flying a strange
flag at Fashoda. The Sirdar at once proceeded in a
steamer up the Nile, and courteously but firmly requested
Captain Marchand to remove the French flag. On his
refusal the Anglo-Egyptian flag was raised close to the
French flag, and the dispute was referred to Europe for

adjustment. Diplomatic negotiations followed between
the British and jBVench Governments. At length, on 21st
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March 1899, a declaration was signed, by the terms of

which France withdrew from the Nile valley and accepted

a boundary line, between the British and French spheres of

influence in Central Africa, which satisfied her earlier

ambition by uniting the whole of her territories in North,

West and Central Africa into a homogeneous whole*

while effectually preventing the realization of her dream
of a transcontinental empire from west to east. By this

declaration it was agreed that the dividing line between

the British and French spheres, north of the Congo Free

State, should follow the Congo-Nile water-parting up to its

intersection with the 11th parallel of north latitude, from
which point it was to be ‘‘drawn as far as the 15th

parallel in such a manner as to separate in principle the

kingdom of Wadai from what constituted in 1882 the

province of Darfur,” but in no case was it to be drawn
west of the 21st degree of east longitude, or east

of the 23rd degree. From the 15th parallel the line

took a north-westerly direction, until it intersected

the Tropic of Cancer, on the southern frontier of the

Turkish province of Fezzan to the south of Tripoli.

French influence was to prevail west of this line, British

influence to the east. Wadai was thus definitely assigned

to France. This partition was and stiU is (1901) merely

a paper partition
;
and it should be added that while it,

of course, only binds the parties to it, the Sultan of

Turkey entered a protest against the agreement as in-

fringing his prior acquired rights both in the Sahara and

in the Central Sudan.

Let us now return to the mouth of the Congo and see

what was the course of events in the southern half of the

continent. It will be remembered that by the ^
agreement in which Portugal recognized the in south-
sovereignty of the Congo Free State, Portugal’s West and

claim to the southern bank of the river as far Souib-Bast

as Nokki had been admitted. Thus Portuguese
^ ^

possessions on the west coast extended from the Congo to

the mouth of the Kunene river. In the interior the

boundary with the Free State was settled as far as the

Kwango river, but disputes arose as to the right to the

country of Lunda, otherwise known as the territory of the

Muato Yanvo. On the 25th May 1891 a treaty was

signed at Lisbon, by which this large territory was
divided between Portugal and the Free State, the bound-

ary line leaving the Kwango at the 8th degree of south

latitude and reaching the Kasai, one of the main southern

affluents of the Congo, at the 7th degree, then passing

along the thalweg of that river to its source in Lake
! Dilolo, and then along the watershed between the Zaire

and the Zambezi to its intersection by the 24th meridian

east of GreenwicL The interior limits of Portuguese

possessions in Africa south of the equator gave rise, how-
ever, to much more serious discussions than were in-

volved in the dispute as to the Muato Yanvo’s kingdom.
Portugal, as we have seen, claimed all the territories

between Angola and Mozambique, and she succeeded in

inducing both France and Germany, in 1886, to recognize

the King of Portugal’s “right to exercise his sovereign

and civilizing influence in the territories which separate

the Portuguese possessions of Angola and Mozambique.”
The publication of the treaties containing this declaration,

together with a map showing Portuguese claims extending
over the whole of the Zambezi valley, and over Matabele-
land to the south and the greater part of Lake Nyasa to

the north, inamediately provoked a formal protest from
the British Government. On the 13th August 1887, the

British Charg4 d’Affaires at Lisbon transmitted to the

Portuguese minister for foreign affairs a memorandum
from Lord Salisbury, in which the latter formally

protested “against any claims not founded on occupa-
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tion ” and contended that the doctrine of effective occupa-

tion had been admitted in principle by ail the parties

to the Act of Berlin. Lord Salisbury further stated

that Her Majesty’s Government cannot recognize Portu-

guese sovereignty in territory not occupied by her in

sufficient strength to enable her to maintain order, protect

foreigners, and control the natives.” To this Portugal

replied that the doctrine of effective occupation was

expressly confined by the Berlin Act to the African coast,
'

but at the same time expeditions were hastily despatched

up the Zambezi and some of its tributaries to discover

traces of former Portuguese occupation. Matabeleland

and the districts of Lake Nyasa were specially mentioned

in the British protest as countries in which Her Majesty’s

Government took a special interest. As a matter of fact

the extension of British influence northwards to the

Zambezi had engaged the attention of the British authori-

ties, ever since the appearance of Germany in South-West

Africa and the declaration of a protectorate over Bechu-

Matabeie-
^'^^iland. There were rumours of German

land and activity in Matabeleland, and of a Boer trek

Mashona- north of the Limpopo. Hunters and explorers
land, reported in eulogistic terms on the rich

goldfields and healthy plateau lands of Matabeleland and

Mashonaland, over both of which countries a powerful

native chief, Lobengula, son of the great Moziligazi,

claimed authority. The Matabele, or Amandebele, were a

branch of the great Zulu family and a race of warriors.

There were many suitors for Lobengula’s favours
;
but on

the 11th February 1888 he signed a treaty with Mr J. S.

Moffat, the assistant commissioner in Bechuanaland, the

effect of which was to place all his territory under British

protection. Both the Portuguese and the Transvaal Boers

were naturally chagrined at this extension of British

influence. A number of Boers attempted unsuccessfully

to trek into the country, and Portugal opposed her

ancient claims to the new treaty. She contended that

Lobengula’s authority did not extend over Mashonaland,

which she claimed as part of the Portuguese province of

Sofala, and suddenly developed spasmodic activity in the

distribution of flags and the establishment of stations and
forts, not only in Eastern Mashonaland, but in the

countries north of the Zambezi. Meanwhile preparations

were being actively made for the exploitation of the

mineral and other resources of Lobengula’s territories.

Two rival syndicates obtained, or claimed to have obtained,

concessions from Lobengula
;
but in the summer of 1889

Mr Cecil Ehodes succeeded in amalgamating the conflict-

ing interests, and on the 29th October of that year Her
Majesty granted a charter to the British South Africa

Company (see Charteebi) Companies), the grantees

being the Duke of Abercom, the Duke of Fife, Lord
Gifford, Mr Cecil J. Rhodes, Mr Albert Beit, Mr Albert
Grey, and Mr George Cawston. The first article of

the charter declared that ‘‘the principal field of the

operations ” of the company “ shall be the region of South
Africa lying immediately to the north of British Bechu-
analand, and to the north and west of the South African
Republic, and to the west of the Portuguese dominions.”
No time was lost in making preparations for effective

occupation. On the advice of Mr F. C. Selous it was
determined to despatch an expedition to Eastern Mashona-
land by a new route, which would avoid the Matabele
country. This plan was carried out in the summer of

1890, and, thanks to the rapidity with which the column
moved and Mr Selous’s intimate knowledge of the country,
the British^flag was, on 11th September, hoisted at a spot
on the Makubusi river, where the town of Salisbury now
Btods, and the country taken possession of in the name of
'itieen Victoria. Disputes with the Portuguese ensued,
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and there were several frontier incidents which for a time
embittered the relations between the two countries.

Meanwhile, north of the Zambezi, the Portuguese were
making desperate but futile attempts to repair the neglect

of centuries by hastily - organized expeditions

and the hoisting of flags. In 1888 an attempt
to close the Zambezi to British vessels was Portugal
frustrated by the firmness of Lord Salisbury, north of

In a despatch to the British minister at Lisbon,

dated 25th June 1888, Lord Salisbury, after

brushing aside the Portuguese claims founded on doubtful
discoveries three centuries old, stated the British case in a
few sentences. “ It is,” he wrote, “an undisputed point that

the recent discoveries of the English traveller, Livingstone,

were followed by organized attempts on the part of English
religious and commercial bodies to open up and civflize

the districts surrounding and adjoining the lake. Many
British settlements have been established, the access to

which from the sea is by the rivers Zambezi and ShirA
Her Majesty’s Government and the British public are

much interested in the welfare of these settlements.

Portugal does not occupy, and has never occupied, any
portion of the lake, nor of the Shir4; she has neither

authority nor influence beyond the confluence of the Shire

and Zambezi, where her interior custom house, now
withdrawn, was placed by the terms of the Mozambique
Tariff of 1877.” As a matter of historical accuracy it

may be well to add that the Nyasa region has, from the

first, been peculiarly associated -with Scottish enterprise.

Apart from the fact that Livingstone was a Scotsman, the

first missions were established by the Scottish churches,

the first planters were Scottish, and the “African Lakes
Company,” which was the pioneer in trading and transport

operations, was a Scottish corporation. In 1889 it became
known to the British Government that a considerable

Portuguese expedition was being organized for operating

in the Zambezi region. In answer to inquiries addressed

to the Portuguese Government, the foreign minister stated

that the object of the Serpa Pinto expedition was to visit

the Portuguese settlements on the Upper Zambezi. The
British Government was, even so late as 1889, averse from

declaring a formal protectorate over the Nyasa region;

but early in that year Mr H. H. (afterwards Sir Harry)

Johnston was sent out to Mozambique as British consul,

with instructions to travel in the interior and report on the

troubles that had arisen with the Arabs on Lake Nyasa
and with the Portuguese. The discovery of a navigable

mouth of the Zambezi—the Chinde—and the offer by
Mr Rhodes of a subsidy of <£10,000 a year from the

British South Africa Company, removed some of the

objections to a protectorate entertained by the British

Government; but Mr Johnston’s instructions were not

to proclaim a protectorate unless circumstances compelled

him to take that course. To his surprise, Mr Johnston

j

learnt on his arrival at the Zambezi that Major Serpa

Pinto’s expedition had been suddenly deflected to the

north. Hurrying forward, Mr Johnston overtook the

Portuguese expedition and warned its leader that any

attempt to establish political influence north of the Ruo
river would compel him to take steps to protect British

interests. On arrival at the Ruo, Major Serpa Pinto

returned to Mozambique for instructions, and in his

absence Lieutenant Coutinho crossed the river, attacked

the Makalolo chiefs, and sought to obtain possession of

the Shire highlands by a cowp de Tnavn, Mr Buchanan,

the British vice-consul, lost no time in declaring the

country under British protection, and his action was

subsequently confirmed by Mr Johnston on Ms return

from a treaty-making expedition on Lake Nyasa.
^

On
the news of these events reaching Europe the British
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Government addressed an ultimatum to Portugal, as the southern end of Tanganyika on the north, and Lake

result of which Lieutenant Coutinho's action was dis- Bangweulu on the west; while south of the Zambezi

avowed, and he was ordered to withdraw the Portuguese Portugal was allowed to retain the right bank of the

forces south of the Euo. But while Mr Johnston was river from a point ten miles above Zumbo, and the eastern

busily engaged in concluding treaties with the native boundary of her territory south of the river was made

chiefs in the districts to which Portugal had no prior roughly to coincide with the 33rd degree of east longitude,

claim, the diplomatists in Europe were seeking for a The publication of the agreement aroused deep resentment

solution of the troubles which had arisen both north and in Portugal, and the Government, unable to obtain its

south of the Zambezi. As the result of prolonged negotia- ratification by the Chamber of Deputies, resigned. In

tions, an agreement was signed between Great Britain October the abandonment of the treaty was accepted

and Portugal on the 20th August 1890, by which Great by the new Portuguese ministry as a fait accompli; but

Britain obtained a broad belt of territory north of the on the 14th November the two Governments signed an

Zambezi, stretching from Lake Nyasa on the east, the agreement for a modus vivendi, by which they engaged
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to recognize the territorial limits indicated in the con- east coast to the British sphere, freedom of navigation of

vention of 20th August *‘in so far that from the date of the Zambezi and Shird for the ships of all nations, and
the present agreement to the termination thereof neither stipulations as to the making of railways, roads, and
Power will make treaties, accept protectorates, nor exercise telegraphs. The territorial readjustment effected left

any act of sovereignty withhi the spheres of influence Portugal a triangular strip of territory north of the

assigned to the other party by the said convention.” The Zambezi, with its base on the Zambezi-Shire watershed

breathing-space thus gained enabled feeling in Portugal and its apex on the angle formed by the Zambezi and
to cool down, and on the 11th June 1891 another treaty the Loangwa, close to Zumbo. South of the Zambezi the

was signed, the ratifications being exchanged on the 3rd Portuguese frontier, after running for a short distance

The treaty
This is the main treaty, defining the due south, takes an east-south-easterly direction to the

eU89L
^ Portuguese spheres both south and Mazoe river, which it intersects at the 33rd degree of

north of the Zambezi. It contained many other east longitude and follows that meridian to its intersection

provisions relating to trade and navigation, providing by the 18“ 30' parallel of south latitude, whence it follows

i/nt&r alia a maximum transit duty of 3 per cent, on the eastern slope of the Manica plateau southwards to the

imports and exports crossing Portuguese territories on the centre of the main channel of the Sabi, follows that
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diannel to its confluence with the Lunte, whence it

strikes directly to the north-eastern point of the frontier

of the Transvaal, and follows the eastern frontier of

that territory and the frontier of Swaziland to the river

Maputa. The delimitation of this frontier was not

accomplished without considerable difficulty and a re-

course to arbitration. Some parts of the boundary north

of the Zambezi were not delimited until the closing

months of the 19th century. The western boundary

between the British and Portuguese spheres of influence

was only vaguely indicated, and had not been settled in

1900 by the Anglo-Portuguese Commission ‘ but it was

to be drawn in such a manner as to leave the Barotse

country within the British sphere, Lewanika, the para-

mount chief of the Marotse, claiming that his territory

extended much farther to the west than was admitted by

the Portuguese.

Before the conclusion of the treaty of June 1891

with Portugal, the British Government had made certain

arrangements for the administration of the large
Biitisb area north of the Zambezi reserved to British

%dca! influence. On the 1st of February Mr H. H.

Johnston was appointed Imperial Commissioner

in Nyasaland, and a fortnight later the British South

Africa Company intimated a desire to extend its opera-

tions north of the Zambezi. Negotiations followed, and

the field of operations of the Chartered Company was, on

the 2nd April 1891, extended so as to cover the whole

of the British sphere of influence north of the Zambezi,

with the exception of Nyasaland, the Company agreeing

to appoint Mr Johnston political Administrator of its

territories north of the Zambezi, now known as Northern

Ehodesia, and to contribute £10,000 a year towards the

cost of administration, to be applied by Mr Johnston at

his discretion either in Nyasaland or in the Company’s
sphere. On the 14th of May a formal protectorate was
declared over Nyasaland, including the Shir6 highlands

and a wide belt of territory from the Anglo-German
frontier on the north end of Lake Nyasa along the western

shore of the lake. The name was subsequently changed

to the British Central Africa Protectorate (q.v.). The
arrangement as to the joint administration of the Pro-

tectorate and the Company’s sphere lasted for some three

years, and at the end of that time the Company appointed

a separate administration for Northern Bhodesia, and the

subsidy was withdrawn.

At the date of the assembling of the Berlin Conference
the German Government had notified that the coast-line

German south-west of the continent, from the

Souths Orange river to Cape Frio, had been placed under
German protection. On the 13th April 1885

Africa, German South-West Africa Company was
constituted under an order of the Imperial Cabinet with
the rights of state sovereignty, including mining royalties

and rights, and a railway and telegraph monopoly. In
that and the following years the Germans vigorously
pursued the business of treaty-making with the native
chiefs in the interior

;
and when, in July 1890, the British

and German Governments came to an agreement as to the
limits of their respective spheres of i^uence in various
parts of Africa, the boundaries of German South-West
Africa were fixed in their present position. By Article
III. of this important agreement the north bank of the
Orange river up to the point of its intersection by the
20th degree of east longitude was made the southern
boundary of the German sphere of influence. The eastern
]x)undary followed the 20th degree of east longitude to
ite intersection by the 22nd parallel of south latitude,
wn ran eastwards along that parallel to the point of its

intersection by the 21st degree of east longitude. From

that point it ran northwards along the last-named meridian
to the point of its intersection by the 18th parallel of

south latitude, thence eastwards along that parallel to the

river Chobe, and along the main channel of that river to

its junction with the Zambezi, where it terminated. The
northern frontier marched with the southern boundary
of Portuguese West Africa. The object of deflecting the

eastern boundary near its northern termination was to

give Germany access by her own territory to the upper
waters of the Zambezi, and it was declared that this strip

of territory was at no part to be less than twenty English
miles in width.

To complete the survey of the political partition of

Africa south of the Zambezi, it is necessary briefly to

refer to the events connected with the South
African Eepublic and the Orange Free State. British

In October 1886 the British Government made
an agreement with the New Republic, a small

community of Boer farmers who had set up a Government
of their own, defining the frontier between the New
Republic and Zululand; but less than a year later—^in

September 1887—the New Republic was incorporated in

the South African Republic. In a convention of July-
August 1890 the British Government and the Government
of the South African Republic confirmed the independence

of Swaziland, and on the 8th November 1893 another

convention was signed with the same object
;
but on the

19th December 1894 the British Government agreed to the

South African Republic exercising “all rights and powers

of protection, legislation, jurisdiction, and administration

over Swaziland and the inhabitants thereof,” subject to

certain conditions and provisions, and to the non-incor-

poration of Swaziland in the Republic. Subsequently, on
the 23rd April 1895, Tongaland was declared by pro-

clamation to be added to the dominions of Queen Victoria,

and in December 1897 Zululand and Tongaland, or

Amatongaland, were incorporated with the colony of

Natal. The history of the events that led up to the

last Boer war cannot be recounted here (see Tran’svaal

CoLOOTand Oeanoe Rivee Colony), but in October 1899

the South African Republic and the Orange Free State

addressed an ultimatum to Great Britain and invaded

Natal and Cape Colony. As a result of the military

operations that followed, the Orange Free State was, on
28th May 1900, proclaimed by Lord Roberts a British

colony under the name “ Orange River Colony,” and the

South African Republic was on the 25th October 1900

incorporated in the British Empire as the “Transvaal

Colony.”

On the east coast the two great rivals were Germany
and Great Britain. Germany on the 30th December

1896, and Great Britain on the 11th June 1891,

formally recognized the Rovuma river as the Great

northern boundary of the Portuguese sphere of Britain in

influence on that coast
;
but it was to the north

of that river, over the vast area of East or East

Central Africa in which the Sultan of Zanzibar claimed to

exercise suzerainty, that the struggle between the two

rival Powers was most acute. The independence of the

Sultans of Zanzibar had been recognized by the Govern-

ments of Great Britain and France in 1862, and the

Sultan’s authority extended almost uninterruptedly along

the coast of the mainland, from Cape Delgado in the

south to Warshekh on the north—a stretch of coast more

than a thousand miles long—though to the north the

Sultan’s authority was confined to certain ports. In

Zanzibar itself, where Sir John Kirk,
^

Livingstone’s

companion, was British consul-general, British influence

was, when the Berlin Conference met, practically supreme,

though German traders had established themselves on
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the island and created considerable commercial interests.

Away from the coasts the limits and extent of the Sultan’s

authority were far from being clearly defined. The

Sultan himself claimed that it extended as far as Lake

Tanganyika, but the claim did not rest on any very solid

ground of effective occupation. The little-known region

of the Great Lakes had for some time attracted the atten-

tion of the men who were directing the colonial movement

in Germany ;
and, as we have seen, a small band of pioneers

actually landed on the mainland opposite Zanzibar in

November 1884, and made their first “treaty” with the

chief of Mbuzini on the 19th of that month. Pushing up
the Wami river the three adventurers reached the Usagara

country, and concluded more “treaties,” the net result

being that when, in the middle of December, Dr Peters

returned to the coast he brought back with him documents

which were claimed to concede some 60,000 square miles

of country to the German Colonization Society. Dr
Peters hurried back to Berlin, and on the 1 7th of February

1885 the German Emperor issued a “Charter of Protec-

tion ” by which His Majesty accepted the suzerainty of

the newly-acquired territory, and “placed under our

Imperial protection the territories in question.” The
conclusion of these treaties was, on the 6th March, notified

to the British Government and to the Sultan of Zanzibar.

Immediately on receipt of the notification the Sultan

telegraphed an energetic protest to Berlin, alleging that

the places placed under German protection had belonged

to the Sultanate of Zanzibar from the time of his fathers.

The German consul-general refused to admit the Sultan’s

claims, and meanwhile agents of the German society were
energetically pursuing the task of treaty-making The
Sultan despatched a small force to the disputed territory,

which was subsequently withdrawn, and in May sent a
more imposing expedition under the command of General
Mathews, the commander-in-chief of the Zanzibar army,
to the Kilimanjaro district, in order to anticipate the

German agents who were reported to be hastening to

conclude treaties with the chiefs of Chagga and Taveta.

Meanwhile Lord Granville, who was then at the Foreign
Office, had taken up an extremely friendly attitude towards
the German claims. Prior to these events the Sultan of

Zanzibar had, on more than one occasion, practically

invited Great Britain to assume a protectorate over his

dominions. But the invitations had been declined.

Egyptian affairs were, in the year 1885, causing consider-

able anxiety to the British Government, and the fact may
not have been without influence on the attitude of the
British foreign secretary. On the 25th May 1885, in a
despatch to the British ambassador at Berlin, Lord
Granville instructed Sir E. Malet to communicate the
views of the British Cabinet to Prince Bismarck ;

—

I have to request your Excellency to state that the supposition
that Her Majesty's Government have no intention of opposing the
German scheme of colonization in the neighbourhood of Zanzibar
is absolutely correct. Her Majesty’s Government, on the contrary,
view with favour these schemes, the realization of which will
entail the civilization of large tracts over which hitherto no
European mfluence has been exercised, the co-operation of
Germany with Great Britain in the work of the suppression of
the slave gangs, and the encouragement of the efforts of the
Sultan both in the extinction of the slave trade and in the
commercial development of his dominions.

In the same despatch Lord Granville instructed Sir E.
Malet to intimate to the German Government that some
prominent capitalists had originated a plan for a British
settlement in the country between the coast and the lakes,
which are the sources of the White Nile; “and for its

connexion with the coast by a railway.” But Her
Majesly’s Government would not accord to these promi-
nent capitalists the support they had called for, unless

[history

they were fully satisfied that every precaution was taken
to ensure that it should in no way conflict with the
interests of the territory that has been taken under
German protectorate,” and Prince Bismarck was practically

invited to say whether British capitalists were or were not
to receive the protection of the British Government. The
reference in Lord Granville’s despatch was to a proposal

made by a number of British merchants and others who
had long been interested in Zanzibar, and who saw in the

rapid advance of Germany a menace to the interests which
had hitherto been regarded as paramount in the Sultanate.

In 1884 Mr H. H. Johnston had concluded treaties witk
the chief of Taveta, and had transferred these treaties to

Mr John Hutton of Manchester. Mr Hutton, with Mr
(afterwards Sir William) Mackinnon, was one of the

founders of what subsequently became the Imperial British

East Africa Company. But in the early stages the

champions of British interests in East Africa received no
support from their own Government, while Germany was
pushing her advantage with the energy of a recent convert

to colonial expansion, and had even, on the coast, opened

negotiations with the Sultan of Witu, a small territory

situated north of the Tana river, whose ruler claimed to be

independent of Zanzibar. On the 5th May 1885 the

Sultan of Witu executed a deed of sale and cession to a

German subject of certain tracts of land on the coast, and

later in the same year other treaties or sales of territory

were effected, by which German subjects acquired rights on

the coast-line claimed by the Sultan. Inland, treaties had

been concluded on behalf of Germany with the chiefs of

the Kilimanjaro region, and an intimation to that effect

made to the British Government. But before this occurred

the German Government had succeeded in extracting an

acknowledgment of the validity of the earlier treaties

from the Sultan of Zanzibar, Early in August a powerful

German squadron appeared off Zanzibar, and on the 14th

of that month the Sultan yielded to the inevitable,

acknowledged the German protectorate over Usagara and

Witu, and undertook to withdraw his soldiers.

Meanwhile negotiations had been opened for the ap-

pointment of an International Commission, “for the

purpose of inquiring into the claims of the

Sultans of Zanzibar to sovereignty over certain Sultanate

territories on the east coast of Africa, and of

ascertaining their precise limits.” The Govern-
ments to be represented were Great Britain, France, and

Germany, and towards the end of 1885 commissioners

were appointed. The commissioneffs reported on the 9th

of June 1886, and assigned to the Sultan the islands of

Zanzibar, Pemba, Lamu, Mafia, and a number of other

small islands. On the mainland they recognized as be-

longing to the Sultan a continuous strip of territory, 10

sea miles in depth, from the south bank of the Minengani

river, a stream a short distance south of the Eovuma, to

Eapini, at the mouth of the Tana river, some 600 miles

in length. North of Kipini the commissioners recognized

as belonging to the Sultan the stations of Kismayu, Brava,

Meurka, and Magadisho, with radii landwards of 10 sea

miles, and of Warshekh with a radius of 5 sea miles. By
an exchange of notes in October-November 1886 the

Governments of Great Britain and Germany accepted the

reports of the Delimitation Commissioners, to which the

Sultan adhered on the 4th of the following December.

But the British and German Governments did more than

determine what territories were to be assigned to the

Sultanate of Zanzibar, They agreed to a delimitation of

their respective spheres of influence in East Africa. The
territory to be affected by this arrangement was to be

bounded on the south by the Eovuma river, “ and on the

north by a line which, starting from the mouth of the
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Tana river, follows the course of that river or its affluents

to the point of intersection of the equator and the 38th

deoree of east longitude, thence strikes direct to the point

of^tersection of the 1st degree of north latitude with

the 37th degree of east longitude, where the line ter-

minates.’’ The line of demarcation between the British

and the German spheres of influence was to start from the

mouth of the river Wanga or Umba, to pass round the

eastern and northern side of Lake Jipe, cross the Lumi

river, pass between the territories of Taveta and Chagga,

skirt the northern base of the Kilimanjaro range, and

thence be drawn direct to the point on the eastern side of

Victoria Nyanza which is intersected by the 1st degree

of south latitude. South of this line German influence

was to prevail
;
north of the line was the British sphere.

The Sultan’s dominions having been thus truncated, Ger-

many associated herself with the recognition of the ‘^in-

dependence” of Zanzibar in which France and Great

Britain had joined in 1862. The effect of this agreement

was to define the spheres of influence of the two countries

as far as Victoria ITyanza, but it provided no limit to

the westwards, and left the country north of the Tana

river, in which Germany had already acquired some

interests near the coast, open for fresh annexations. The

conclusion of the agreement immediately stimulated the

enterprise both of the German East Africa Association, to
|

which Dr Peters’s earlier treaties had been transferred, and

of the British capitalists to whom reference had been

made in Lord Granville’s despatch. The German Associa-

tion was incorporated by Imperial charter in March 1887,

and the British capitalists formed themselves into the

British East Africa Association, and on 24th May 1877

obtained, through the good offices of Sir William Mac-

kinnon, a concession of the 10-miles strip of coast from the

Umba river in the south to Kipini in the north. The

Association was to have the entire administration of the

territory for fifty years, and was to govern in the Sultan’s

name, on certain conditions as to the payment of the

customs dues. The British Association further sought to

extend its rights in the sphere reserved to British influence

by making treaties with the native chiefs behind the coast

strip, and for this purpose various expeditions were sent

into the interior. When they had obtained concessions

over the country for some 200 miles inland the associated

capitalists applied to the British Government for a charter,

which was granted on 3rd September 1888, and the

Association became the Imperial British East Africa Com-
pany (see Chartered Companies). The example set by
the British company in obtaining a lease of the coast strip

between the British sphere of influence and the sea was
quickly followed by the German Association, which, on the

28th April 1888, concluded an agreement with the Sultan

Khalifa, who had succeeded his brother Burghash, by
which the Association leased the strip of Zanzibar territory

between the German sphere and the sea. It was not,

however, until August that the German officials took over

the administration, and their want of tact and ignorance

of native administration almost immediately provoked a

rebellion, of so serious a character that it was not sup-

pressed until the Imperial authorities had taken the matter

in hand. Shortly after its suppression the administration

was entrusted to an Imperial officer, and- the Sultan’s

rights on the mainland strip were bought outright by
Germany for four millions of marks.

Events of great importance had been happening, mean-
while, in the country to the west and north of the British

Vgaads.
sphere of influence. The British company had
sent caravans into the interior to survey the

country, to make treaties with the native chiefs, and to

JJCport on the commercial and agricultural possibilities.

155

One of these had gone up the Tana river. But another
and a rival expedition was proceeding along the northern

bank of this same river. Dr Carl Peters, whose energy

cannot be denied, whatever may be thought of has

methods, set out with an armed caravan up the Tana on
the pretext of leading an expedition to the relief of Emin
Pasha, who was then reported to be hemmed in by the

dervishes at Wadelai. His expedition was not sanctioned

by the German Government, which was at that moment
receiving material assistance from Great Britain in the

suppression of the Bushiri rebellion, and the British naval

commander had orders to prevent his landing. But
Peters succeeded in evading the British vessels and pro-

ceeded up the river, planting German flags and fighting

the natives who opposed his progress. Early in 1890 he
reached Kavirondo, and there found letters from Mwanga,
King of Uganda, addressed to Mr F. J. Jackson, the

leader of an expedition sent out by the British East

Africa Company, imploring the Company’s representative

to come to his assistance and offering to accept the British

flag. To previous letters, less plainly couched, from the

King, Mr Jackson had returned the answer that his

I
instructions were not to enter Uganda, but that he would
do so in case of need. The letters that fell into Peters’s

hands were in reply to those from Mr Jackson. Peters did

not hesitate to open the letters, and on reading them he at

once proceeded to Uganda, where, with the assistance of the

French Eoman Catholic priests, he succeeded in inducing

Mwanga to sign a loosely-worded treaty intended to place

him under German protection. On hearing of this Mr
Jackson at once set out for Uganda, but Peters did not

wait for his arrival, leaving for the south of Victoria

Nyanza some days before Jackson arrived at Mengo,
Mwanga’s capital. For the complicated story of European

relations with Uganda, reference must be made to the

article on the Uganda Protectorate. It must be suffi-

cient to say here that, as Mwanga would not agree to

Mr Jackson’s proposals, Mr Jackson returned to the coast,

leaving Mr Gedge at Mengo to protect the Company’s

interests. Captain Lugard, who had recently entered the

Company’s employment, was at once ordered to proceed to

Uganda. But in the meantime an event of great import-

ance had taken place, the conclusion of an agreement

between Great Britain and Germany with reference to

their different spheres of influence in various parts of

Africa.

The Anglo-German agreement of 1st July 1890 has

already been referred to in connexion with German South-

West Africa. It was, however, of much greater

importance in reference to East Africa. In Anglo**

return for the cession of Heligoland, Lord

Salisbury obtained from Germany the recogni-

tion of a British protectorate over the dominions

of the Sultan of Zanzibar, including the islands of

Zanzibar and Pemba, but excluding the strip leased to

Germany, which was subsequently ceded absolutely to

Germany. Prince Bismarck further agreed to withdraw

the protectorate declared over Witu and the adjoining

coast up to Klismayu, in favour of Great Britain, and

to recognize as within the British sphere of

influence the vast area bounded, on the south by the

frontier line laid down in the agreement of 1886, which

was to be extended along the first parallel of south

latitude across Victoria Nyanza to the frontiers of the

Congo Free State
;
on the west by the Congo Free State

and the western watershed of the Nile, and on the north

by a line commencing on the coast at the north bank of

the mouth of the river Juba, then ascending that bank of

the river until it reached the territory reserved to the

influence of Italy in Gallaland and Abyssinia, when it
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followed the frontier of the Italian sphere to the confines

of Egypt. To the south-west of the German sphere in

East Africa the boundary was formed by the eastern and

northern shore of Lake Nyasa, and round the western

shore to the mouth of the Song>;ve river, from which point

it crossed the Nyasa-Tanganyika plateau to the southern

end of the last-named lake, leaving the Stevenson Eoad on

the British side of the boundary. The effect of this

treaty was to remove all serious causes of dispute about

territory between Germany and Great Britain in East

Africa. It rendered quite valueless Dr Peters's treaty

with Mwanga and his promenade along the Tana; it

freed Great Britain from any fear of German competition

to the northwards, and recognized that her influence

extended to the western limits of the Nile valley. But,

on the other hand. Great Britain had to relinquish the

ambition of connecting her sphere of influence in the Nile

valley with her possessions in the Nyasa-Tanganyika

region. On this point Germany was quite obdurate ;
and,

as we have already seen, an attempt subsequently made
(May 1894) to secure this object by the lease of a strip of

territory from the Congo Free State, was frustrated by
German opposition.

Uganda having thus been assigned to the British sphere

of influence by the only European Power in a position to

contest its possession with her, the subsequent history of

that region, and of the country between the Victoria

Nyanza and the coast, must be traced in the articles

on East Africa, British, and Uganda, but it may be

well briefly to record here the following facts:—The
Imperial British East Africa Company, finding the

burden of administration too heavy for its financial

resources, and not receiving the assistance it felt itself

entitled to receive from the Imperial authorities, in-

timated that it would be compelled to withdraw at the

end of the year 1892. Funds were raised to enable the

Company to continue its administration until the end
of March 1893, and a strong public protest against

evacuation compelled the Government to determine in

favour of the retention of the country. In January 1893
Sir Gerald Portal left the coast as a special commissioner

to inquire into the ‘‘best means of dealing with the

country, whether through Zanzibar or otherwise.” On
the 31st March the Union Jack was raised, and on the

29th May a fresh treaty was concluded with I^g Mwanga,
placing his country under British protection. A formal
protectorate was declared over Uganda proper on 19th

June 1894, which was subsequently extended so as to

include the countries westwards towards the Congo
Free State and eastwards to the British East Africa

Protectorate. This latter protectorate was consti-

tuted in June 1895, when the Imperial British • East
Africa Company relinquished all its rights in exchange
for a money payment, and the administration was assumed
by the Imperial authorities.

In 1883 Italy had obtained her first formal footing on
the African coast at the Bay of Assab (Aussa) on the

Bed Sea. In 1885 the troubles in which

B^si^
Egypt found herself involved compelled the

A/rfca. Khedive and his advisers to loosen their hold
on the Bed Sea littoral, and, with the tacit

approval of Great Britain, Italy took possession of
Massawa and other ports on that coast. By 1888 Italian
influence had been extended from Bas Kasar, on the north,
to the northern frontier of the French colony of Obok
on the south, a distance of some 650 miles. The interior
limits of Italian influence were but ill defined, and King
John of Abyssinia viewed with anything but a favourable
eye the approach of the Italians towards the Abyssinian
highlands. In January 1887 an Italian force was almost

annihilated at Dogali, but the check only served to spur
on the Italian Government to fresh efforts. The Italians

occupied Keren and Asmara in the interior, and eventu-

ally, in May 1889, concluded a treaty of peace and friend-

ship with the Emperor Menelek, who had succeeded King
John on the death of the latter in battle with the

dervishes. This agreement, known as the Treaty of

Ucialli, settled the frontiers between Abyssinia and the

Italian sphere, and contained the following article :—

.

XVII. His Majesty the King of Kings of Ethiopia consents to
avail himself of the Italian Government for any negotiations which
he may enter into with the other Powers or Governments.

In Italy, and by other European Governments, this

article was generally regarded as establishing an Italian

protectorate over Abyssinia
;
but this interpretation was

never accepted by the Emperor Menelek, and at no time

did Italy succeed in establishing any very effective control

over Abyssinian affairs. North of the Italian coast sphere

the Bed Sea littoral was still under Egyptian rule, while

immediately to the south a small stretch of coast on the

Bay of Tajura constituted the sole French possession on

the East African mainland. France had, in 1862, obtained

from the Danakil tribes a concession of “the harbour,

roadstead, and anchorage of Obok, situated near Cape

Bas Bir, with the plain extending from Bas Aly to the

south, as far as Bas Dameirah to the north.” It was not,

however, until 1883 that the place was effectively occupied,

and in the following year treaties were concluded with the

Sultan and chiefs of Tajura extending the French sphere

to the southern side of the gulf of that name. The East

India Company had, as far back as 1840, concluded a

treaty of friendship with the governor or chief of Zeila,

not far from the Bay of Tajura; and when Egyptian claims

to the Somali coast were withdrawn Great Britain took

the opportunity to establish her influence on the northern

Somali coast, opposite Aden. Between 1st May 1884

and 15th March 1886 ten treaties were concluded, placing

under British influence the northern Somali coast from

Bas Jibuti on the west to Bunder Ziadeh on the east. In

the meantime Italy, not content with her acquisitions on

the Bed Sea, had been concluding treaties with the

Somali chiefs on the east coast. The flrst treaty was made
with the Sultan of Oppia on the 8th February 1889.

Later in the same year the British East Africa Company
transferred to Italy, the transference being subsequently

approved by the Sultan of Zanzibar, the ports of Brava,

Meurka, Magadisho, and Warshekh, leased from Zanzibar.

On the 24th March 1891 an agreement between Italy and

Great Britain fixed the northern bank of the Juba up to

latitude 6° N. as the southern boundary of Italian

influence in Somaliland, the boundary being provisionally

prolonged along lines of latitude and longitude to the

intersection of the Blue Nile with 35° E. longitude. On
the 15th April 1891 a further agreement fixed the northern

limit of the Italian sphere from Bas Kasar on the Bed
Sea to the point on the Blue Nile just mentioned. By
this agreement Italy was to have the right of temporarily

occupying Kassala, which was left in the Anglo-Egyptian
sphere—in trust for Egypt—^a right of which she availed

herself in 1895. To complete the work of delimitation

the British and Italian Governments, on the 5th May
1894, fixed the boundary of the British sphere of influence

in Somaliland from the Anglo-French boundary, which had

been settled in February 1888. The interior limit of

British Somaliland thus agreed upon was subsequently

modified in 1897 by an agreement with the Emperor
Menelek, made by Sir Bennell Bodd on behalf of Great

Britain. The effect of this agreement was to reduce the

area of British Somaliland from 75,000 to 68,000 sqiiare

miles.
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But while Great Britain was thus lending her sanction

to Italy’s ambitions schemes, the Abyssinian emperor was

becoming more and more incensed at Italy’s pretensions

to exercise a protectorate over Ethiopia. In 1883

]Menelek denounced the treaty of Uciali, and eventually, in

a great battle, fought at Adowa on 1st March 1896, the

Italians were disastrously defeated. By the subsequent

treaty of Addis Abbaba, concluded on 26th October 1896,

the whole of the country to the south of the Mareb, the

Belesa, and Muna rivers was restored to Abyssinia, and
Italy acknowledged the absolute independence of Abys-

sinia. The effect of this was practically to destroy the

value of the Anglo-Italian agreement as to the boundaries

to the south and west of Abyssinia ; and negotiations were

afterwards set on foot between the British, the Egyptian,

and the Abyssinian Governments for determining the

Abyssinian frontiers.

The position of Egypt is theoretically unchanged since

the abolition of the Dual Control, though in fact British

influence is now recognized as virtually paramount in

Egypt proper. In the reconquered Anglo-Egyptian

Sudan, which consists of the territory south of the 22nd
parallel of latitude, the administration is carried on in

accordance with the terms of a convention between the

British and Egyptian Governments, signed at Cairo, 19th
January 1899, under which the British and Eg3rptian

flags are used together, Tripoli still remains a Turkish
province. In Tunis the Erench protectorate has prac-

tically eliminated the Bey for all but ceremonial purposes.

In Algeria Prance, in her progress south and south-west,

has come into conflict with Morocco. In the

^^cco. attack by some of the

inhabitants of the Tidikelt oasis on a French
^‘scientific” mission furnished the occasion for which
France had long been seeking for the occupation of a
number of groups of oases in the western Sahara, known
as the Tuat Oases, and consisting of Tuat, Tidikelt,

and Gurara. The last two groups were occupied by
French troops after some fighting, and at the end of 1900
France was preparing to make good her hold on these two
groups and to establish her influence in Tuat proper, the
Sultan of Morocco having protested to the European
Powers against the action of France and asked for their

intervention. The occupation of Igli, half-way between
the frontier of Morocco proper and Tuat, by French troops
further excited the Sultan’s subjects. The claim of

Morocco was that the tribes of the oases owed allegiance
to the Sultan, and that France acknowledged them to be
within the Moorish sphere of influence by the treaty of

1845, which is the only document fixing the frontier

between Morocco and Algeria. At the opening of the
Berlin Conference Spain had established no formal claim
to any part of the coast to the south of Morocco

;
but

while the conference was sitting, on 9th January 1885,
the Spanish Government intimated that in view of the
importance of the Spanish settlements on the Eio Oro, at
Angra de Cintra, and at Western Bay, and of the docu-
ments signed with the independent tribes on that coast,
the King of Spain had taken under his protection “ the
territories of the western coast of Africa comprised
between the fore-mentioned Western Bay and Cape
Bajador.” Numerous attempts were made with France to
settle the landward extension of Spain’s possessions in this
part of Africa, both Governments claiming to include the
Adrar country within their sphere of influence; but in
1900 an agreement was come to by which Spain recognized
the S^nch claim to Adrar and agreed to the twelfth
meridian west of Greenwich being the eastern boundary
of the Spanish sphere, north of the Tropic of Cancer, the
boundary line to the south being deflected westwards so

as to leave the Sebkha, or dry salt lake, of Ijil to
France. The same agreement settled a long-standing
dispute between Spain and France as to the ownership
of the district around the Muni river to the south of
Cameroon, and Spain secured a block of territory, with a
coast-line from the Campo river on the north to the Muni
river on the south. The northern frontier is formed by
the German Cameroon colony, the eastern by ll** 20' E.,

and the southern by the 1st parallel of north latitude to
its point of intersection with the Muni river.

Apart from this small block of Spanish territory south
of Cameroon, the stretch of coast between Cape Blanco
and the mouth of the Congo is partitioned among
four European Powers—Great Britain, France,
Germany, and Portugal—and the negro republic Africa.
of Liberia. Following the coast southwards from
Cape Blanco we come first to the French colony of Senegal,
which is indented, along the Gambia river, by the small
British colony of that name, and then to the comparatively
small territory of Portuguese Guinea, all that remains on
this coast to represent Portugal’s share in the scramble in a
region where she once played so conspicuous a part. To
the south of Portuguese Guinea is the French Guinea
colony, and still pursuing our way south and east we come
to the British colony of Sierra Leone, the republic of

Liberia, the French colony of the Ivory Coast, the British

Gold Coast, German Togoland, French Dahomey, the

British colony of Lagos, the British territory of Southern
Nigeria, the German colony of Cameroon, the Spanish
settlements on the Muni river, the French Gabun colony,

and the small Portuguese enclave north of the Congo, of

which the principal town is Kabinda, which is adminis-
tratively part of the Angola colony. When the General
Act of the Berlin Conference was signed the whole of this

coast-line had not been formally claimed ; but no time was
lost by the Powers interested in notifying claims to the
unappropriated sections, and the conflicting claims put
forward necessitated frequent adjustments by international

agreements. Before describing the results of these agree-

ments, both on the coast and in the interior, it may be in-

teresting to glance briefly at one or two of the main
features of the problem which so many rival Powers were
approaching from their several standpoints. The domi-
nant part in West Africa has been played by France. Her
anxiety to connect her West African possessions with
Southern Algeria, and her Congo colony with both, has
already been alluded to. Ancillary to this desire was
the wish to establish a continuous territorial connexion
between her scattered possessions on the West African
coast. When this design was consciously adopted as the

object of French statesmanship, it is very difficult to say;

but for several years before the Berlin Conference military

and exploring expeditions had been pushed forward into

the great Niger bend from the upper waters of the Senegal,

and the purpose became clearer and more defined in the
strenuous years of struggle that followed the Conference.

The exhaustion of Portugal, the apathy of the British

Government, and the late arrival of Germany in the field,

are all elements that favoured the success of France’s

West African policy. If, in her larger design of joining

on her empire in the Western Sudan to her possessions on
the Congo, she experienced a check by reason of the

vigour with which British interests were pushed on the

Middle Niger and eastwards to Lake Chad, the credit for

this cannot be claimed by the British Government, but ia

due entirely to the Eoyal Niger Company and its dis-

tinguished governor, Sir George Taubman Goldie, France’s,

double object was to secure as large a share of the Niger

basin as possible, and to make Lake Chad a French lake.

In this latter object she was not wholly successful, and for
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the much-desired communication between the Western

Sudan and the Congo was reluctantly compelled to go

round the northern and eastern shores of the lake, instead

of through the richer and more populous regions to the

west and south of the lake. The real struggle in West

Africa was between Trance and Great Britain
j
but before

tracing the steps of that historic contest, it may be well to

deal briefly with the part played by the other Powers in

West Africa.

Portuguese Guinea, with a coast-line of some 200 miles,

is entirely surrounded by French possessions. Its frontiers

were fixed by an agreement signed at Paris on

the 12th May 1886. The northern frontier
maea,

extends almost due east from Cape Koxo for

about 200 miles, then the boundary turns due south

for 80 or 90 miles, and then sweeps west and

south in a curve to the mouth of the river Cajet. By
another article in the same agreement the boundaries of

the Portuguese Congo emlave with the French Congo

colony are determined.

The negro republic of Liberia has a coast -line of about

350 miles in length, stretching from the river Mano and
the frontier of Sierra Leone to the river Cavally

Liberia,
French Ivory Coast. Its interior limits

were fixed by agreements with Great Britain on the 11th

November 1885, and with France on the 8th December
1892. Starting from the left bank of the Mano river, the

frontier extends generally in a north-easterly and northern

direction, the coast-line having been traced by an Anglo-

Liberian Boundary Commission, until it reaches a point

about half-way between the 8th and 9th parallels of

north latitude, when it strikes due east to beyond the

9th meridian of west longitude, then strikes south-east,

and after a short run due east intersects the Cavally river,

which it follows to the coast.

It will be remembered that Dr Nachtigal, while the

proposals for the Berlin Conference were under discussion,

had planted the German flag on the coast of
(^many rpQgQ Cameroon in the month of July

Cameroon, In Cameroon Germany found herseM
with Great Britain for a neighbour to the

north, and with France as her southern neighbour on the

Gabun river. The utmost activity was displayed in

making treaties with native chiefs, and in securing as wide
a range of coast for German enterprise as was possible.

In May 1885 a provisional agreement was made between
Great Britain and Germany as to the northern limits of

Germany's activity. This was subsequently modified in

August 1886, and on the 28th March 1887 Great Britain

renounced in favour of Germany her sovereignly over
Ambas Bay. In the famous agreement of 1st July 1890
a “ provisional line of demarcation ” was adopted, starting

from the head of the Bio del Bey creek and going to the
point, about 9° 8' E. longitude, marked “ rapids ” on
the British Admiralty Chart. By a further agreement of
14:th April 1893, the right bank of the Bio del Bey was
made the boundary between the Oil Bivers Protectorate
(now Southern Nigeria) and Cameroon. In the follow-
ing November (1893) the boundary was continued from
the “rapids” before mentioned, on the Old Calabar or
Cross river, in a straight line towards the centre of the
town of Yola, on the Benu4 river. Tola itself, with a
radius of some 3 miles, was left in the British sphere,
and the German boundary followed the circle eastwards
from the point of intersection as it neared Yola until it
met the Benue river. From that point it crossed the river
to the intersection of the 13th degree of longitude
with the 10th degree of north latitude, and then made
direct for a point on the southern shore of Lake Chad
“ situated 35 minutes east of the meridian of Kuka, this
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being the distance between the meridian of Kuka and
the 14th meridian east of Greenwich, measured on the
map (by Kiepert) published in the German Kolarml Atlas
of 1892.” Provision was made for settling a new terminal
point of the German boundary on Lake Chad, should our
present want of knowledge of the geography of that region
render such an alteration desirable. By this agreement
the British Government withdrew from a considerable

section of the upper waters of the Benue with which the
Boyal Niger Company had entered into relations. The
object of making this sacrifice was, however, apparent.

France was, as we have seen, eagerly desirous of securing

the whole of Lake Chad for herself. By giving Germany
access to the lake Great Britain at the same time satisfied

German ambition as to the hinterland of the Cameroon
colony and interposed a barrier against the junction of the

French Congo and the French Sudan to the south and
west of the lake. The limit of Germany’s possible exten-

sion eastwards was fixed at the basin of the river Shari,

and Darfur, Kordofan, and the Bahr-el-Ghazal were to be

excluded from her sphere of influence. Germany now
found herself in a position to come to terms with

France as to the southern and eastern limits of Cameroon.

She had already, on the 24th December 1885, signed a
protocol with France fixing her southern frontier from the

mouth of the river Campo to the intersection of that

river with the 10th degree of east longitude, thence

along the parallel of latitude to the point of its

intersection with 15“ E. longitude. But to the east

German explorers were crossing the track of French

explorers from the northern bank of the Mobangi, and the

need for an agreement was obvious. Accordingly, on the

4th February 1894, a protocol
—

^which, some weeks later,

was confirmed by a convention—was signed at Berlin, by
which France accepted the presence of Germany on Lake
Chad as a fait accompli and effected the best bargain she

could by making the left bank of the Shari river, from its

outlet into Lake Chad to the 10th parallel of north

latitude, the eastern limit of German extension. From
this point the boundary line went due west some 230

miles, then turned south, and with various indentations

joined the south-eastern frontier, which had been slightly

extended so as to give Germany access to the Sangha river—^a tributary of the Congo. Thus, early in 1894, the

German Cameroon colony had reached its present definite

limits.

The German Togoland Settlements occupy a narrow

strip of the Guinea Coast, some 35 miles only in

length, wedged in between the British Gold
Coast and French Dahomey. At first France

“ '

was inclined to dispute Germany’s claims to Little Popo

and Porto Seguro; but in December 1885 the French

Government acknowledged the German protectorate over

these places, and the boundary between French and

German territory, which runs in an irregular line almost

due north from the coast to the 11th degree of lati-

tude, was laid down by the Franco-German Convention of

12th July 1897. It was not, however, until the end of

1899, after two years of arduous and constantly-interrupted

labours, that the Joint Commission completed the work of

delimitation. The fixing of the 11th parallel as the

northern boundary of German expansion towards the

interior was not accomplished without some sacriflce of

Gtennan ambitions. Having secured an opening on take

Chad for her Cameroon colony, Germany was anxious to

obtain a footing on the Middle Niger for Togoland.

German expeditions reached Gando, one of the tributary

states of the Sokoto empire on the Middle Niger, and, not-

withstanding the existence of prior treaties with Great

Britain, sought to conclude agreements with the Sultan of
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that; country. But this German ambition conflicted both

with the British and the French designs in West Africa,

and eventually Geimany had to be content with the

11th parallel as her northern frontier. On the west

the Togoland frontier on the coast was fixed in July 1886

by British and German commissioners at T 10' E. longi-

tude, and its extension towards the interior laid down for

a short distance. By a further agreement in 1888 the

boundary was extended so as to leave the district of Towe,

Kowe, and Agotime within the German sphere, and to

include the countries of Aquamoo and Crepee within the

British protectorate. A neutral zone farther north was

also agreed upon at the same time. The agreement of

1st July 1890, already so frequently referred to, defined

the limits up to this neutral zone
;
but it was not untd

November 1899 that, as part of the Samoa Settlement,

this neutral zone was partitioned between the two Powers

in such a manner as to leave the important trading centre

of Salaga to Great Britain and that of Yendi to Germany.

At the same time the territory to the north of the neutral

zone up to the 11th parallel was divided between the

Gold Coast and Togoland, and the present hmits of both

colonies were then definitely determined.

The story of the struggle between France and Great

Britain in West Africa may roughly be divided into two
sections, the first dealing with the Coast

^eac'b colonies, the second dealing vnth the struggle

competition for the Middle Niger and Lake Chad. As
in West regards the coast colonies, France was wholly

successful in her design of isolating all Great

Britain’s separate possessions in that region, and of secur-

ing for herself undisputed possession of the Upper Niger

and of the countries lying within the great bend of that

river. When too late, the British Government awoke to

the consciousness of what was at stake
;
but France had

obtained too great a start. French governors of the

Senegal had succeeded, before the Berlm Conference, in

establishing forts on the Upper Niger, and the advantage

thus gained was steadily pursued. Every winter season

French posts were pushed farther and farther along the

river, or in the vast regions watered by the southern

tributaries of the Senegal and Niger rivers. The two most
formidable chiefs encountered by France were Ahmadu, a

son of the famous El-Haj-Omar, and Samory, a man of

humble origin who had risen by force of character to be

the ruler of an immense area of country in the Upper
Niger basin. Campaign after campaign was fought

against this formidable chief by Gallieni, Desbordes, Frey,

Archinard, and other French officers * but it was not unM
September 1898 that Samory’s power was finally broken,

and he himself captured. In 1887 the Almamy of Futa
Jallon, who had formerly been anxious to obtain British

protection, signed a treaty placing the whole of that

mountainous region under French protection. Simul-

taneously with her military operations France undertook a

series of splendid exploring expeditions in the Niger
countries. In 1888-90 Captain Binger traversed the

regions between the Upper Niger and the Guinea Coast,

making treaties all along his route. In the campaign of

1890-91 Sego, one of Ahmadu’s principal towns, was
captured by Colonel Archinard. In 1891-92 Captain
Monteil traversed the Niger bend from west to east, and
from Say made his way to Lake Chad, returning to

Europe across the Sahara to the Mediterranean. In
December 1893 Timbuktu was occupied by Colonel
Bonnier, in defiance of the order of the civil authorities,

and every year saw one or more fresh expeditions launched
by France, regardless of cost, into the Niger basin. This
<5paseless activity met with its reward. Great Britain
&«md herself compelled to acknowledge accomplished facts

and to conclude agreements with France, which left her
colonies mere coast patches, with a very limited extension

towards the interior. On the 10th August 1889 an agree-

ment was signed by which the Gambia colony and pro-

tectorate was confined to a narrow strip of territory on
both banks of the river for about 200 miles from the sea.

In June 1882 and in August 1889 provisional agreements
were made with France fixing the western and northern

limits of Sierra Leone, and commissioners were appointed

to trace the line of demarcation agreed upon by the two
Governments. But the commissioners failed to agree,

and on the 21st January 1895 a fresh agreement was
made, the boundary being subsequently traced by a mixed
commission. Sierra Leone, as now definitely constituted,

has a coast-line of about 180 miles and a maximum
extension towards the interior of some 200 miles.

At the date of the Berlin Conference the present colonies

of Lagos and the Gold Coast constituted a single colony

under the title of the Gold Coast Colony, but on the 13th

January 1886 the Gold Coast Settlements were erected

into a separate colony. The coast limits of the new colony

were declared to extend from 5® W. longitude to 2°

E. longitude, but these limits were subsequently cur-

tailed by agreements with France and Germany. We
have already followed the course of the arrangements that

fixed the eastern frontier of the Gold Coast Colony and its

hinterland in connexion with German Togoland. On the

western frontier it marches with the French colony of the

Ivory Coast, and in August 1889 the two Governments
agreed that the frontier should start from the neighbour-

hood of the Tanoe lagoon, and river of the same name, and
should be prolonged to the 9th degree of north latitude

in accordance with the treaties concluded by the two
Governments with the natives, Great Britain being allowed

full liberty of action as regards the Ashantis. Com-
missioners having failed to agree as to the delimitation of

the frontier, plenipotentiaries were appointed in Europe
by the two Governments, and on the 12th July 1893 an

agreement was signed setting out in detail the course of

the frontier up to the 9th degree of north latitude. In

August 1896, following the destruction of the Ashanti

power and the deportation of King Prempeh, as a result

of the second Ashanti campaign, a British protectorate

was declared over the whole of the Ashanti territories and

a Eesideht was installed at Kumassi. But no northern

limit had been fixed by the 1893 agreement beyond the

9th parallel, and the countries to the north— Gurunsi

(Grusi), Mossi, and Gurma—were entered from all sides

by rival British, French, and German expeditions. The
confiicting claims established by these rival expeditions

may, however, best be considered in connexion with the

struggle for supremacy on the Middle Niger, and in the

Chad region, to which we must now turn.

A few days before the meeting of the Berlm Conference

Sir George Goldie had succeeded in buying up all the

French interests on the Lower Niger. The
British company’s influence had at that date

been extended by treaties with the native chiefs i,ske Chad.

up the main Niger stream to its junction with

the Benu4, and some distance along this latter river. But

the great Fulah States of the Central Sudan were still

outside European influence, and this fact did not escape

attention in Germany. German merchants had been

settled for some years on the coast, and one of them, Herr

Flegel, had displayed great interest in, and activity on,

the river. He recognized that in the densely-populated

States of the Middle Niger, Sokoto and Gando, and in

Bornu to the west of Lake Chad, there was a magnificent

I
field for Germany’s new-born colonizing zeal. The German

i African Society and the German Colonial Society listened
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eagerly to Herr FlegePs proposals, and in April 1885 he

left Berlin on a mission to the Fulah states of Sokoto

and Gando. But it was impossible to keep his intentions

entirely secret, and the British National African Associa-

tion had no desire to see the French rivals, whom they had

with so much difficulty dislodged from the river, replaced

by the even more troublesome German. Accordingly Mr
Joseph Thomson, the young Scottish explorer, was sent

out to the Niger, and had the satisfaction of concluding

on the 1st June 1885 a treaty with Umoru, King of the

Mussulmans of the Sudan and Sultan of Sokoto,” which

practically secured the whole of the trading rights and the

control of the Sultan’s foreign relations to the British

company. Mr Thomson concluded a similar treaty with

the Sultan of Gando, so as to provide against the possi-

bility of its being alleged that Gando was an independent

state and not subject to the suzerainty of the Sultan of

Sokoto. As Mr Thomson descended the river with his

treaties, he met Herr Flegel going up the river, with bundles

of German flags and presents for the chiefs. The German
Government recognized that they had been forestalled, and,

except for the despairing attempt many years later to

establish relations with Gando from Togoland, Germany
dropped out of the competition for the Western Sudan
and left the field to France and Great Britain. After this

first great success the National African Company renewed

its efforts to obtain a charter from the British Government,

and on the 10th July 1886 the charter was granted, and
the company became “ The Eoyal Niger Company,
chartered and limited.” In June of the previous year a
British protectorate had been proclaimed over the whole
of the coast from the Bio del Bey to the Lagos frontier,

and on the 13th January 1886 the Lagos Settlements had
been separated from the Gold Coast and erected into a
separate colony. It may be convenient to state here that

the eastern boundary of Lagos with French territory was
determined in the Anglo-French agreement of 10th August
1889, which provided that ‘‘the line of demarcation
between the spheres of influence of the two powers shall

be identical with the meridian which intersects the terri-

tory of Porto Novo at the Ajarra creek, leaving Pokrah,
or Pokea, to the English colony of Lagos. It shall follow

the above-mentioned meridian as far as the 9th degree

of north latitude, where it shall stop,” Thus both in the
Gold Coast hinterland and in the Lagos hinterlaffd a door
was left wide open to the north of the 9th parallel.

Notwithstanding her strenuous efforts, France, in her
advance down the Niger from Senegal, did not succeed in
reaching Sego until the winter of 1890-91, and the rapid
advance of British influence up the river raised serious

fears lest the Boyal Niger Company should reach Timbuktu
before France could forestall her. It was, no doubt, this

consideration that induced the French Government to con-
sent to the insertion in the agreement of 5th August 1890,
by which Great Britain recognized France’s protectorate
over Madagascar, of the following article :

—

'pte Government of Her Britannic Majesty recognizes the sphere
of influence of France to the south of her Mediterranean posses-
sions up to a line from Say on the Niger to Barruwa on Lake
Ch^, drawn in such a manner as to comprise in the sphere of
action of the Mger Company all that fairly belongs to the kingdom
of Sokoto

;
the line to be determined by the commissioners to be

appointed.

The commissioners never were in fact appointed, and
the proper meaning to be attached to this article subse-
quently became a subject of bitter controversy between
the two countries. An examination of the map of West
Africa will show what possibilities of trouble were left

open at the end of 1890 by the various agreements con-
cluded up to that date. From Say on the Niger to the
northern limit of the Lagos frontier there was no boundary
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line between the French and British spheres of influence
To the north of the Gold Coast and of the French Ivory
Coast Colony the way was equally open to Great Britain
and to France, while the vagueness of the Say-Barruwa
line left an opening of which France was quick to avail

herself. Captain Monteil started on his journey in 1890
immediately after the conclusion of the August agreement •

but he did not hesitate to pass well to the south of the
Say-Barruwa line, and to attempt to conclude treaties with
chiefs who were, beyond all question, within the British

sphere. Still farther south, on the Benu6 river, the two
expeditions of Lieutenant Mizon—in 1890 and in 1892—
failed to do any real harm to British interests.

In 1892 an event happened which had an important
bearing on the future course of the dispute. After a
troublesome war with Behanzin, king of the important
native state of Dahomey, France annexed some portion of

Dahomeyan territory on the coast, and declared a pro-

tectorate over the rest of the kingdom. In 1894 Dahomey
was divided into two kingdoms, and the new sovereigns

were appointed by France and accepted the French pro-

tectorate. Thus was removed the barrier which had up
to that time prevented France from pushing her way
Nigerwards from her possessions on the Slave Coast, as

well as from the Upper Niger and the Ivory Coast. Mean-
while her progress from both these directions had been

considerable, and in particular Timbuktu had been occupied

in the last days of 1893.

In 1894 it appears to have been suddenly realized in

France that, for the development of the vast regions which

she was placing under her protection in West Africa, it

was extremely desirable that she should obtain free access

to the navigable portions of the Niger. In the neighbour-

hood of Bussa there is a long stretch of the river so im-

peded by rapids that navigation is practically impossible,

except in small boats and at considerable risk. Below

these rapids France had no foothold on the river, both

banks from Bussa to the sea being within the British

sphere. In 1890 the Boyal Niger Company had concluded

a treaty with the Emir and chiefs of Bussa (or Borgu)
;
but

the French declared that the real paramount chief of Borgu

was not the king of Bussa, but the king of Nikki, and

three expeditions were despatched in hot haste to Nikki

to take the king under French protection. Sir George

Goldie, however, was not to be bafiled. While mam-
taining the validity of the earlier treaty with Bussa, he

despatched Captain (now General) Lugard to Nikki, and

Captain Lugard was successful in distancing all his French

competitors by several days, reaching Nikki on the 5th

November 1894, and concluding a treaty with the king

and chiefs. The French expeditions, which were in great

strength, did not hesitate on their arrival to compel the

king to execute fresh treaties with France, and with these

in their possession they returned to Dahomey. Shortly

afterwards a fresh act of aggression was committed. On
13th February 1895 a French officer, Commandant Tout^
arrived on the right bank of the Niger opposite Bajibo

and built a fort. His presence there was notified to the

Boyal Niger Company, who protested to the British

Government against this invasion of their territory. Lord

Bosebery, who was then foreign minister, at once made

inquiries in Paris, and received the assurance that Com-

mandant Toutee was “a private traveller.” Eventually

Commandant Toutee was ordered to withdraw, and the

fort was occupied by the Eoyal Niger Compands troops.

Commandant Toutee subsequently published the official

instructions from the French Government under which he

had acted. It was thought that the recognition of the

British claims, involved in the withdrawal of Commandant
Tout6e, had marked the final abandonment by France of
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the attempt to establish herself on the navigable portions of

the Niger below Bussa, but in 1 897 the attempt was lenewed

in the most determined manner. In February of that year

a French force suddenly occupied Bussa, and this act was

quickly followed by the occupation of Gomba and Ilo

hgher up the river. In November 1897 Nikki was

occupied. The situation on the Niger had so obviously

been outgrowing the capacity of a chartered company that

for some time before these occurrences the assumption of

responsibility for the whole of the Niger region by the

Imperial authorities had been practically decided on
; and

early in 1898 Colonel Lugard was sent out to the Niger

With a number of Imperial officers to raise a local force in

preparation for the contemplated change. The advance

of the French forces from the south and west was the

signal for an advance of British troops from the Niger,

from Lagos, and from the Gold Coast protectorate. The
situation thus created was extremely serious. The British

and French flags were flying in close proximity, in some

cases in the same village. Meanwhile the diplomatists

were busy in London and in Paris, and in the latter capital

a commission sat for many months to adjust the conflicting

claims. Fortunately, by the tact and forbearance of the

officers on both sides, no local incident occurred to precipi-

tate a collision, and on the 14th June 1898 a convention

was signed by Sir Edward Monson and M. Hanotaux,

which finally removed all causes of dispute as to the

spheres of influence of the two countries in West Africa

;

and, subject to the division of the small area in the

hinterland of the Gold Coast and Togoland between Great

Britain and Germany, which was effected in November
1899, completed the partition of this part of the continent.

The settlement effected was in the nature of a compro-

mise. France withdrew from Bussa, Gomba, and Ilo, the

frontier line west of the Niger being drawn from
9th parallel to a point 10 miles, as the crow

agreement flies, above Giri, the port of Ilo. France was
ofJane thus shut out from the navigable portion of the
1898,

Middle and Lower Niger ; but for purely com-
mercial purposes Great Britain agreed to lease to France
two small plots of land on the river—^the one on the right

bank between Leaba and the mouth of the Moshi river,

the other at one of the mouths of the Niger. By accept-

ing this line Great Britain abandoned Nikki and a great

part of Borgu, as well as some part of Gando to France.

East of the Niger the Say-Barruwa line was modified in

favour of France. From the point indicated 10 miles
above Giri the boundary follows the Niger as far as the
mouth of a dry water-course called the Dallul Mauri,
which it follows till it cuts the circumference of a circle

drawn from the centre of the town of Sokoto with a radius
of a hundred miles. The line then follows the northern
arc of this circle till its point of intersection with the 14th
parallel of north latitude, which it follows eastwards for
a distance of 70 miles, then dips due south until it

reaches the parallel of 13° 20' north latitude, then runs
eastwards along this parallel for a distance of 250 miles,
then turns due north until it regains the 14th parallel,

then runs eastwards again along that parallel as far as its

intersection with the meridian, passing 35' east of the
centre of the town of Kuka, and thence follows this
meridian southwards until its intersection with the southern
shore of Lake Chad, at which point, it will be remembered,
the Anglo-German frontier reaches its northern limit. This

assigns to France parts of both Sokoto and Bomu. In
the Gold Coast hinterland the French withdrew from Wa,
and Great Britain abandoned all claim to Mossi, though the
capital of the latter country, together with a further ex-
wnsive area in the territory assigned to both countries, is
declared to be equally free, so far as trade and navigation
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are concerned to the subjects and protected persons of

both nationalities. The western boundary of the Gold
Coast was prolonged along the Black Volta as far as lati-

tude 11 ° north, and this parallel was followed with slight

deflections to the Togoland frontier. In consequence of

the acute crisis which shortly afterwards occurred between
France and Great Britain on the Upper Nile, the ratifica-

tion of this agreement was delayed until after the conclu-

sion of the Fashoda agreement of March 1899 aheady
referred to. In 1900 the two patches on the Niger leased

to France were selected by commissioners representing the
two countries, and m the same year the Anglo-French
frontier from Lagos to the west bank of the Niger was
delimited. But east of the Niger to Lake Chad it had
not been found possible even to make a survey of the

country through which the boundary will run, before the

close of the 19th century.

The settlement of the matters in dispute with France
enabled the British Government to carry out several

changes in the administration of British Nigeria, which
had been in contemplation for some time. On the 1st

January 1900 the Imperial authorities took over the whole
of the territories of the Eoyal Niger Company, which,

with reduced capital, became henceforth a purely com-
mercial undertaking. The Lagos protectorate was ex-

tended to the northwards, the Niger Coast Protectorate

became Southern Nigeria with extended frontiers, and the

greater part of the territories formerly administered by the

company were constituted into Northern Nigeria— all

three administrations being placed under the Colonial

Office. In like manner France, having definitely fixed

her international frontiers, turned her attention to a
rearrangement of her possessions. The French Sudan
was abolished as an administrative entity, large slices

of territory were added on to Dahomey, the Ivory
Coast Colony, French Guinea, and Senegal, the portions

not assigned to these colonies, all of which were placed

under civil administration, being created military districts.

For the limits assigned to the various French colonies in

West Africa, reference must be made to the articles deal-

ing with each.

There are, around the coast, numerous islands or groups

of islands, which are regarded by geographers as outliers

of the African mainland. The majority of these

African islands were occupied by one or other of

the European Powers long before the period of

continental partition. The Madeira Islands to the west of

Morocco ;
the Bissagos Islands, off the Guinea Coast

;
and

Princess Island and St Thomas’ Island, in the Gulf of

Guinea, are Portuguese possessions of old standing
3
while

in the Canary Islands and Fernando Po Spain possesses

remnants of her ancient colonial empire which are a more
valuable asset than any she has acquired in recent times

on the mainland. St Helena in the Atlantic, Mauritius,

and some small groups north of Madagascar in the Indian

Ocean, are British possessions acquired long prior to the

opening of the last quarter of the 19th century. Zanzibar,

Pemba, and some smaller islands which the Sultan was
allowed to retain were, as has already been stated, placed

under British protection in 1890, and the island of Socotra

was placed under the “ gracious favour and protection ” of

Great Britain on 23rd April 1886. France’s ownership

of Eeunion dates back to the 17th century, but the

Comoro Archipelago was not placed under French protec-

tion until April 1886. None of these islands, with the

exception of the Zanzibar group, have, however, materially

affected the partition of the continent and they need not

be enumerated in the table which follows. But the im-

portant island of Madagascar stands in a different category,

both on account of its size and because it was during the

S. L — 21
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period under review that it passed through the various

stages which led up to its becoming a French colony. The
first step was the placing of the foreign relations of the

island under French control, which -was effected by the

treaty of 17th December 1885, following the Franco-

Malagasy war that had broken out in 1883. In 1890

Great Britain and Germany recognized a French protec-

torate over the island, but the Hova government declined

to acquiesce in this view, and in May 1895 France sent

an expedition to enforce her claims. The capital was
occupied on 1st October in the same year, when Queen
BanavaLona signed a convention recognizing the French
protectorate. In January 1896 the island was declared a
French possession, and on 6th August was declared to be

a French colony. In February 1897 the last vestige of

ancient rule was swept away by the deportation of the queen.

Although the Brussels Act of 1890 did not affect the

actual territorial partition of Africa, it had a direct bearing

YfjQ on the manner in which the Powers discharged

Brussels the obligations which they assumed in acquiring
Act of African territory, and must therefore be briefly
1890.

referred to here. The British Government had
for long borne the greater part of the burden of combating
the slave trade on the east coast of Africa and in the Indian
Ocean, but the changed conditions which resulted from
the appearance of other European Powers in Africa induced
Lord Salisbury, then foreign secretary, to address, in the
autumn of 1888, an invitation to the King of the Belgians
to take the initiative in inviting a conference of the Powers
at Brussels to concert measures for “ the gradual suppres-

sion of the slave trade on the continent of Africa, and the
immediate closing of all the external markets which it still

supplies.” The conference assembled in November 1889,
and on the 2nd July 1890 a ‘‘General Act” was signed
subject to the ratification of the various Governments
represented, ratification taking place subsequently at
different dates, and in the case of France with certain

reservations. The General Act began with a declaration of

the means which the Powers were of opinion might be most
effectually adopted for “putting an end to the crimes and
devastations engendered by the traffic in African slaves,

protecting effectively the aboriginal populations of Africa,

and ensuring for that vast continent the benefits of peace
and civilization.” It proceeded to lay down certain rules

and regulations of a practical character on the lines sug-
gested. The Act covers a wide field, and includes no less

than a hundred separate articles. It established a zone
“between the 20th parallel of north latitude and the
22nd parallel of south latitude, and extending westward
to the Atlantic Ocean and eastward to the Indian Ocean
and its dependencies, comprising the islands adjacent to
the coast as far as 100 nautical miles from the shore,”
within which the importation of firearms and ammuni-
tion was forbidden except in certain specified cases, and
within which also the Powers undertook either to prohibit
altogether the importation and manufacture of spirituous
liquors, or to impose duties not below an agreed-on mini-
mum. An elaborate series of rules were framed for the
prevention of the transit of slaves by sea, the conditions
on which European Powers were to grant to natives the
right to fly the flag of the protecting Power, and regulat-
ing the procedure connected with the right of search on
vessels flying a foreign flag. The Brussels Act was in
effect a joint declaration by the signatory Powers of their
joint and pveral responsibility towards the African native,
and notwithstanding the fact that many of its articles
have proved difficult, if not impossible, of enforcement,
the solemn engagement taken by Europe in the face of the
world has imdoubtedly exercised a material influence on
the action of several of the Powers.

Thus by the close of the 19th century the political
partition of Africa had practically been completed,^ There
remained still for settlement various questions of
frontier, as between Great Britain, Egypt, and '^^^posu

Abyssinia in North-East Africa, and between
France and Morocco in the north-western corner
of the continent. The limits of Barotseland to the west
had to be determined by Great Britain and Portugal
and much delimitation work had still to be done. But
in its broad outlines the partition of Africa was begun
and ended in the short space of a quarter of a century.

Much labour is necessary before the actual area of the
continent and its subdivisions can be accurately deter-

mined, but in the following table the figures are at least

approximately correct, aud may be taken to represent the
political situation in Africa, from the European stand-

point, at the opening of the 20th century. It is perhaps
well to add that in fact large areas of the spheres assigned

to different European Powers are still under native rulers

who have in no way admitted the title of their European
overlords.

Position in 1900.

British—
Sq[uare Miles

Cape Colony
Natal and Zululand . ...
Basutoland , . ...
Bechuanaland . . ...
Transvaal Colony . ...
Orange River Colony ....
Rhodesia
British Central Africa Protectorate .

British East Africa and Uganda
Protectorates (including Nile basin to 10° N.
Somaliland
Northern Nigeria ...
Southern Nigeria
Lagos and Yoraba
Gold Coast (and Mnterlavd)
Sierra Leone
Gambia

277,151

29,434

10,293

386,200

119,139

48,326

600,000

42,217

670.000

68,000

310.000

21.500

20.500

74.500

33,100

3,550

Total British Afiica

French—
Algeria Proper .

Algerian Sahara
Tunis
Senegal .

Guinea
Ivory Coast
Dahomey .

Sudan Military Districts

Congo and Gabun
Bagirmi, Wadai, Kanem
Sahara, including Tibesti

Somaliland
Madagascar

. 2, 713,910

184,474

123.500

51.000

182,000

92.000

119.500

59.000

183.000

550.000

126.000

1,892,000

14.000

228.500

Total French Africa

German—
East Africa

South-West Africa .

Cameroon
Togoland .

. 3,804,974

385,000

322,450

191,130

34,800

Total German Africa

Italian—
Eritrea

Somaliland

933,380

88,500

100,000

Total Italian Africa .

PORTTOTTESE—
Guinea
Angola .

East Africa

188,500

4,394

484,730

301,000

Total Portuguese Africa . . 790,124
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Spanish—

Rio de Oro

Muni River

. 167,400
1,750

Total Spanish Africa . . 169,150

Turkish—
Tripoli and Benghazi . 398,900

Egyptian

—

Egypt Proper

Anglo-Egyptian Sudan . ^ .

. 400,000

. 610,000

Total Egyptian Africa . 1,010,000

Separate States—
Congo Free State

Libeiia

Morocco ...••••
Abyssinia

. 900,000

52,000
. 219,000
. 320,000

Total Independent Africa . . 1,491,000

Thus, collecting the totals, we see that at the present day (1901)

Africa is portioned out among the Powers as follows :

—

Sq.uare Miles.

British Africa • 2,713,910

French Africa (including Madagascar) . . . 3,804,974

German Aftica ....... 933,380

Italian Africa 188,500

Carried forward .... . 7,640,765
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Bronglit forward 7,640,764
Portuguese Afiica 790,124
Spanish Africa 169,150
Thirkish Africa 398,900
Egyptian Aiiica 1,010,000
Independent Africa 1,491,000

Total Africa (including Madagascar) , 11,499,938

Authohities.—Hertslet. of Africa by Treaty

^

3 vols.

London, 1896.

—

ScoiT Keltie. Tartition of Africa^ 2nd ed
London, 1895.

—

Silva 'White. Development of Africa. London,
1892.

—

Banning. Le Tartage politique de VAfrique. Brussels,

1888.

—

Comte Charles de Kinsky. Le Continent Africazn;
Manuel de Diplomate. Pans, 1897. — Ortroy. Conventions

XnternaHonales . . . en Afrique. Brussels, 1898.

—

Sir Harry
Johnston. Goloni^^ation of Africa. Cambridge, 1899.

—

Reeves.
International Beginnings of Congo Free State. Baltimore, 1894.

—

Jung. Deutsche Kolonien. Leipsig, 1884.

—

Pabri. Funf Jahre
Deutscher Kolonialpolitik. Gotha, 1889.

—

Demay. Sistoire de

la Colonisation Allemande. Paris, 1890.

—

Deschamps. Mistpire

de la Question Colonials en France, Paris, 1891.—Alis. A la

ConquMe du Tchad. Paris, 1891.

—

Caron. De Saint-Loms au
port de TombouTctou. Paris, 1891.

—

Chanes. Coiiquete Algiri-

enne. Paris, 1892.

—

Binger. Du Niger au Golfe de Guiniepar
le pays de Kong et le Mossi. Paris, 1892.

—

M'Dbrmott. British

East Africa. London, 1893.

—

Lugard. The Bise of our East
African Empire. London, 1893.

—

Lucas. Historical Geog^taphy

of the British Colonies. Oxford 1894, et seq .

—

Petit. Organisa-

tion des colonies frangaises et despays de protectorat. Paris, 1894.

(j. S, K.)

Africa, South. See South Aprica.

Africa, Central. See Central Africa.

Africa, East. See East Africa.

Agra Khan I., His Highness the (1800-1881), was

the title accorded by general consent to Hasan Ali Shah
(born in Persia, 1800), when, in early life, he first settled

in Bombay under the protection of the British Govern-

ment. He was believed to have descended in direct line

from Ali by bis wife Fatima, the daughter of the Prophet

Mahommed. Ali’s son, Hoosein, having married a daughter

of one of the rulers of Persia before the time of

Mahommed, the Aga Khan traced his descent from the

royal house of Persia from the most remote, almost

prehistoric, times. His ancestors had also ruled in

Eg3
rpt as il^alifs of the Beni-Fatamites for a number of

years at a period coeval with the Crusades. Before the

Aga Khan emigrated from Persia he was appointed by the

Emperor Fateh Ali Shah to be governor-general of the

extensive and important province of Kerman. His rule

was noted for firmness, moderation, and high political

sagacity, and he succeeded for a long time in retaining

the friendship and confidence of his master the Shah,
although his career was beset with political intrigues and
jealousy on the part of rival and court favourites and with
internal turbulence. At last, however, the fate usual to

statesmen in oriental countries overtook hitn, and he
incurred the mortal displeasure of Fateh Ali Shah. He
flew from Persia and sought protection in British

territory, preferring to settle down eventually in India,

making Bombay his headquarters. At that period the
first Afghan War was at its height, and in crossing

over from Persia through Afghanistan the Aga Khan
found opportunities of rendering valuable services to the
British army, and thus cast in his lot for ever with the

A few years later he rendered similar conspicuous
services in the course of the Scinde campaign, when his
help was utilized by Hapier in the process of subduing
the frontier tribes, a large number of whom acknowledged

^ Aga’s authority as their spiritual head. Napier held
his Moslem ally in great esteem, and entertained a very

high opinion of his political acumen and chivalry as a

le^er and soldier. The Aga Khan reciprocated the

distinguished British commander's confidence and friend-

ship by giving repeated proofs of his devotion and attach-

ment to the British Government, and when he finally

settled down in India, his position as the leader of the

large Ismailiah section of Mahommedan British subjects

was recognized by the Government, and the title of His
Highness was conferred on him, with a large pension.

From that time until his death in 1881, the Aga Khan,
while leading the life of a peaceful and peacemaking

citizen, under the protection of British rule, continued to

discharge his sacerdotal functions, not only among his

followers in India, but towards the more numerous com-

munities which acknowledged his religious sway in

distant countries such as Afghanistan, Khorassan, Persia,

Arabia, Central Asia, and even distant Syria and Morocco.

He remained throughout unflinchingly loyal to the

British Kaj, and by his vast and unquestioned influence

among the frontier tribes on the northern borders of

India he exercised a control over their unruly and wild

passions in times of trouble, which proved of invaluable

service in the several expeditions led by British arms on
the north-west frontier of India. He was also the means
of checking the fanaticism of the more turbulent

Mahommedans in British India, which in times of internal

troubles and misunderstandings finds vent in the shape of

rehgious or political riots.

He was succeeded by his eldest son, Aga Khan II.

This prince continued the traditions and work of his

father in a manner that won the approbation of the local

Government, and earned for him the distinction of a

knighthood of the order of the Indian Empire, and a seat

in the Legislative Council of Bombay.
Aga Khan III. (Sultan Mahommed Shah), only son of

the foregoing, succeeded him on his death in 1885, and is

the present head of the family and its devotees. He was
born in 1877, and, under the fostering care of his mother, a

daughter of the ruling house of Persia, has been given not

only that religious and oriental education which his position

as the religious leader of the Ismailiahs made indispensable,

but a sound European training, aboon denied to his father
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and grandfather. This blending of the two systems of

education has produced the happy result of fitting this

Moslem chief in an eminent degree both for the sacerdotal

functions which appertain to his spiritual position, and

for those social duties of a great and enlightened leader

which he is called upon to discharge by virtue of that

position. He has travelled in distant parts of the world

to receive the homage of his followers, and with the object

either of settling differences or of advancing their welfare

by pecuniary help and personal advice and guidance.

The distinction of a Knight Commander of the Indian

Empire was conferred upon him by Queen Victoria m
1897, and he has received like recognition for his public

services from the German Emperor, the Sultan of Turkey,

the Shah of Persia, and other potentates.

(m. m. bh)

Agrades. See Sahaba.

Agassiz, Alexander (Emanuel) (1835-

), American scientist, son of Louis Agassiz, was

born in Keuchijtel, Switzerland, 17th December 1835.

He came to the United States with his father in 1846

;

graduated at Harvard in 1855, subsequently studying

engineering and chemistry, and taking the degree of

bachelor of science at the Lawrence Scientific School of

the same institution in 1857 j
taught for a time in his

father’s school for girls in Cambridge; and in 1859

entered upon his scientific career by becoming an assistant

in the United States Coast Survey. Thenceforward he

became a specialist in marine ichthyology, but devoted

much time to the investigation, superintendence, and
exploitation of mines, being superintendent of the Calumet
and Hecla copper mines, Lake Superior (the richest in

the world) from 1866 to 1869, and afterwards, as a

stockholder, acquiring a fortune, out of which he gave to

Harvard, for the Museum of Comparative Zoology and
other purposes, some $500,000. In 1875 he surveyed

Lake Titicaca, Peru
;
examined the copper mines of Peru

and Chile
;
and made a collection of Peruvian antiquities

for the museum, in which he had been an assistant, under

his father, from time to time, and of which he was curator

1874-85, when he resigned. He assisted Sir Wyville

Thomson in the examination and classification of the

collections of the Ghallmger exploring expedition, and
wrote the Revim of the Bcjmii (2 vols., 1872-74) in the

reports. Between 1877 and 1880 he took part in the

three dredging expeditions of the steamer Blake, of the

United States Coast Survey, and presented a full account

of them in two volumes (1888). Of his other writings

on marine zoology most are contained in the bulletins and
memoirs of the Museum of Comparative Zoology

; but he
published in 1865 (with Elizabeth Cary Agassiz, his

father’s wife) Seaside Studies m Natural History, a work
at once exact and stimulating, and in 1871 a volume on
the Marine Animals of Massachusetts Bay,

Ag’erii chief town of department Lot-et-Garonne,
Prance, 380 miles S.S.W. of Paris, on railway from Bor-
deaux to Cette. The Garonne is here crossed by a suspen-
sion and two stone bridges

;
one of the latter, a fine structure

of twenty-three arches, carries the lateral canal. Amongst
the public buildings are the cathedral of St Caprais (who
introduced Christianity in the 3rd century), parts of which
date from the 12th and 13th centuries, and the ancient
church of the Jacobins. The industries include the manu-
facture of drugs and pottery, and there are phosphate and
dye works, i^en is noted for fine prunes, in which, as
well also in other fruits, it carries on considerable trade.

It was the birthplace of Joseph Scaliger the philologist,

the naturalist Lacepfede, and the poet Jacques Boe, better

NOSTICISM
known as Jasmin. Population (1881), 17,098* (189D
18,463; (1896), 18,389.

^

Agrsrresratlon, States of. See Condensa-
TioN OE Gases.

Asflra, formerly San Filippo d’Aegir6, a town of the
province of Catania, Sicily, Italy, 9 miles S.E. from Nicosia
standing 2133 ft. above sea-level, with sulphur mines and
flour-mills. It is the ancient Argyrivm, one of the oldest

of the Sikelian towns, and was colonized by Timoleon the
liberator of Syracuse, in 339 b.c. It was the birthplace of

the historian Diodorus Siculus (1st cent. b.c.). Population

13,498 (1881); 17,749 (1901).

Agnew, David Hayes (1818-1892), American
surgeon, was born in Lancaster county, Pennsylvania, on
24th November 1818. He graduated from the medical

department of the University of Pennsylvania in 1838, and
a few years later set up in practice at Philadelphiaandbecame
a lecturer at the Philadelphia School of Anatomy. He was
appointed surgeon at the Philadelphia Hospital in 1854, and
was the founder of its pathological museum. For twenty-six

years (1863-89) he was connected with the medical faculty

of the University of Pennsylvania, being elected professor

of operative surgery in 1870 and professor of the

principles and practice of surgery in the following year.

From 1865 to 1884—except for a brief interval—^he was

a surgeon at the Pennsylvania Hospital. During the

American Civil War he was consulting surgeon in the

Mower Army Hospital, near Philadelphia, and acquired

considerable reputation for his operations in cases of gun-

shot wounds. He attended as operating surgeon when

President Garfield was fatally wounded by the bullet of an

assassin in 1881. He was the author of several works, the

most important one being a three-volume. The Principles

and Practice of Surgery, He died at Philadelphia on

22nd March 1892.

AfirnOStlcIsm.—The term “agnostic” was in-

vented by Huxley in 1869 to describe the philosophical

and religious attitude of those who hold that we can

have scientific or real knowledge of phenomena only, and

that so far as what may lie behind phenomena is con-

cerned—God, immortality, &c.—^there is no evidence which

entitles us either to deny or affirm anything. The attitude

itself is as old as Scepticism (g^.v.)
;
but the expressions

“ agnostic ” and “ agnosticism ” were applied by Huxley to

sum up his deductions from those contemporary develop-

ments of metaphysics with which the names of Hamilton

(“the Unconditioned”) and Herbert Spencer (“the Un-

knowable ”) were associated
;

^^nd it is important, there-

fore, to fix precisely his own intellectual standpoint in the

matter. Though Huxley only began to use the term

“agnostic” in 1869, his opinions had taken shape some

time before that date. In a letter to Charles Kingsley

(23rd September 1860) he wrote very fully concerning his

beliefs :

—

I neither affirm nor deny the immortahty of man. I see no

reason for believing it, but, on the other hand, I have no means of

disproving it. I have no a priori objections to the doctrine. No
man who has to deal daily and hourly with nature can trouble

himself about a priori difficulties. Give me such evidence as

would justify me in believing in anything else, and I wiU believe

that. Why should I not ^ It is not half so wonderful as the

conservation of force or the indestructibility of matter. . , *

It is no use to talk to me of analogies and probabilities. I

know what I mean when I say I believe in the law of the inverse-

squares, and I will not rest my life and my hopes upon weaher

convictions. . . .

That my personality is the surest thing I know may be true.

But the attempt to conceive what it is leads me into mere verb^

subtleties. I have champed up all that chaff about the ego and

the non-ego, noumena and phenomena, and all the rest of it, too

often not to know that in attempting even to think of these
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gtions, the huinaii intellect flounders at once out of its

depth.

And again, to the same correspondent, 5th May

1863

I have never had the least sympathy with the a priori reasons

iicrainst orthodoxy, and I have by nature and disposition the

ereatest possible antipathy to all the atheistic and infidel school.

Nevertheless I know that I am, in spite of myself, exactly what

the Christian would call, and, so far as I can see, is justified in

calling, atheist and infidel. I cannot see one shadow or tittle of

evidence that the great unknown underlying the phenomenon of

the universe stands to us in the relation of a Father—loves us and

caies for us as Christianity asserts. So with regard to the other

great Christian dogmas, immortality of soul and future state of

rewards and punishments, what possible objection can I—who am
compelled perforce to believe in the immortality of what we call

Matter and Force, and in a very unmistakable present state of

rewards and punishments for our deeds—have to these doctrines *

-Give me a scintilla of evidence, and I am ready to jump at them.

Of the origin of the name “ agnostic ” to cover this atti-

tude, Huxley gave {GolL Ess. v. pp. 237-239) the follow-

ing account ;

—

When I reached intellectual maturity, and began to ask

myself whether I was an atheist, a theist, or a pantheist, a

materialist or an idealist, a Christian or a freethinker, I found

that the more I learned and reflected, the less ready was the

answer. The one tMng on which most of these good people were

agreed was the one thing in which I differed from them. They
we quite sure they had attained a certain gnosis”—had more

or less successfully solved the problem of existence
;
while I was

quite sure that I had not, and had a pretty strong conviction that

the problem was insoluble. This was my situation when I had
the good fortune to find a place among the members of that remark-

able confraternity of antagonists, the Metaphysical Society. Every

variety of philosophical and theological opinion was represented

there
;
most of my colleagues were ‘ists of one sort or another

;

and I, the man without a rag of a belief to cover himself with,

could not fail to have some of the uneasy feelings which must have
beset the historical fox when, after leaving the trap in which his

tail remained, he presented himself to his normally elongated

companions. So I took thought, and invented what I conceived

to be the appropriate title of agnostic,” It came into my head

as suggestively antithetic to the ‘‘gnostic ” of Church history, who
professed to know so much about the very things of which I was
Ignorant. To my great satisfaction the term took.

This account is confirmed by K. H. Hutton, who in

1881 wrote that the word “ was suggested by Huxley at a

meeting held previous to the formation of the now defunct

Metaphysical Society at Mr. Knowles’s house on Clapham
Common in 1869, in my hearing. He took it from St.

Paul’s mention of the altar to the Unknovm God.”

Hutton here gives a variant etymology for the word,

which may be therefore taken as partly derived from
ayvcooTos (the “unknown” God), and partly from an
antithesis to Gnostic

;
but the meaning remains the same

in either case. The name, as Huxley said, “took”; it

was constantly used by Hutton in the Spectator, and
became a fashionable label for contemporary unbelief in

Christian dogma, particularly during the ’seventies and
’eighties. Hutton himself frequently misrepresented the

doctrine by describing it as “belief in an unknown and
unknowable God ”

;
but agnosticism as defined by Huxley

meant not belief, but absence of belief, as much distinct

from belief on the one hand as from disbelief on the

other; it was the half-way house between the two,

where all questions were “ open.” All that Huxley asked
for was evidence, either for or against; but this he
believed it impossible to get. Occasionally he too mis-stated
the meaning of the word he had invented, and described

agnosticism as meaning “that a man shall not say he knows
or believes what he has no scientific ground for professing
to know or believe.” But as the late Rev. A. W. Momerie
remarked, this would merely be “ a definition of honesty

;

in that sense we ought all to be agnostics.” Agnosticism
teally stands or falls by the doctrine of the TJiiSmowable,
tbe assertion that concerning certain objects—among them
Ihe Deity—^we never can have any “scientific” ground for

T I C I S M
belief. In the ’seventies and ’eighties this way of solving,

or rather passing over, the ultimate problems of thought
had many followers in cultured circles imbued with
the new science of the day, and with disgust for the

dogmatic creeds of contemporary orthodoxy ;
and its out-

spoken and even aggressive vindication by physicists of

the eminence of Huxley had a potent influence upon the

attitude taken towards metaphysics, and upon the form
which subsequent Christian apologetics adopted. As a

nickname the term agnostic was soon misused to cover

any and every variation of scepticism, and just as popular

preachers confused it with atheism in their denunciations,

so the callow freethinker—^following Tennyson’s path of
“ honest doubt ” — classed himself with the agnostics,

even while he combined an instinctively Christian theism

with a facile rejection of the historical evidences for

Christianity.

Huxley’s agnosticism was a natural consequence of the

intellectual and philoscphical conditions of the ’sixties,

when clerical intolerance was trying to excommunicate
scientific discovery because it appeared to clash with the

book of Genesis. But as the theory of evolution did its

work, a new spirit was gradually introduced into Christian

theology, which has turned the controversies between

religion and science into other channels, and taken most of

the wind out of the sails of agnosticism. A similar ejffect

has been produced by the philosophical reaction against

Herbert Spencer, and by the perception that the canons of

evidence required in physical science must not be exalted

into universal rules of thought. It does not follow that

justification by faith must be eliminated in spiritual

matters, where sight cannot follow, because the physi-

cist’s duty and success lie in pinning belief solely on
verification by physical phenomena, when they alone are

in question ; and for mankind generally, though possibly

not for an exceptional man like Huxley, an impotent

suspension of judgment on such issues as a future life or

the Being of God is both unsatisfying and demoralizing.

It is impossible here to do more than indicate the

path out of the difficulties raised by Huxley in the letter

to Kingsley quoted above. They involve an elaborate

discussion, not only of Christian evidences, but of the

entire subject-matter alike of Ethics and Metaphysics, of

Philosophy as a whole, and of the philosophies of in-

dividual writers who have dealt in their different ways
with the problems of existence and epistemology. It is,

however, permissible to point out that, as has been ex-

haustively argued by Professor J. Ward in his Gifford

lectures for 1896-98 {Efatmralism amd Agnosticism, pub-

lished by A. (Sz; C. Black, 1899, London), Huxley’s

challenge (“I know what I mean when I say I believe in

the law of the inverse squares, and I will not rest my life

and my hopes upon weaker convictions ”) is one which a
spiritualistic philosophy need not shrink from accepting

at the hands of naturalistic agnosticism. If, as Huxley
admits, even putting it with unnecessary force against

himself, “ the immortality of man is not hah so wonderful

as the conservation of force or the indestructibility of

matter,” the question then is, how far a critical analysis of

our belief in the last-named doctrines will leave us in a

position to regard them as the last stage in systematic

thinking. It is the pitfall of physical science, immersed

as its students are apt to be in problems dealing with

tangible facts in the world of experience, that there is a

tendency among them to claim a superior status of

objective reality and finality for the laws to which their

data are found to conform. But these generalizations are

not ultimate truths, when we have to consider the nature

of experience itself. “ Because reference to the Deify wifi

not serve for a physical explanation in physics, or a
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cliemical explanation in cliemistry, it does not ^therefore

follow,” as Professor Ward says (op, cit, vol. i. p. 24),

“that the sum total of scientific knowledge is equally

intelligible whether we accept the theistic hypothesis or

not. It is true that every item of scientific knowledge is

concerned with some definite relation of definite pheno-

mena, and with nothing else; but, for aU that, the

systematic organization of such items may quite well yield

further knowledge, which transcends the special relations

of definite phenomena.” At the opening of the era of

modern scientific discovery, with all its fruitful new

generalizations, the stiU more highly generalized laws of

epistemology and of the spiritual constitution of man
might well baffle the physicist and lead his intellect to

“ fiounder ”
;
but Logic too is capable of advancing, and

with a superior Logic the new premisses supplied by the

levelations of science are not inconclusive to those who
patiently follow truth.

Agony- See Dahomey.

AgOrda.t« See Eriteea.

AgOSta. See Augusta.

Agra^ a city of British India, in the North-west Pro-

vinces, which also gives its name to a district and a division.

The city, on the right bank of the Jumna, 841 miles from

Calcutta, is now an important railway centre, whence two

main lines diverge southwards towards Bombay. In 1872

the population was 149,008 ;
in 1881 it was 160,203 ;

in

1891 it was 168,662 ;
in 1901 it was 188,300, showing an

increase of 12 per cent. The death-rate in 1897 was 52

per thousand. It has 2 cotton mills, with 24,450 spindles,

employing 1200 hands; 7 factories for ginning and press-

ing cotton; a tannery and boot factory; fiour mill; 48
printing presses. In 1896-97 the government college had
194 students. There are also two missionary colleges.

The native town is well laid out and handsomely built.

Only a small garrison is now kept in the cantonment. The
municipality consists of 34 members, of whom 24 are

elected, with the magistrate as ex officio chairman. The
water-works provide a daily consumption of 1,338,000

gallons, being 8 gallons per head in the town, and 11|- !

gallons in the cantonment. The municipal income in

1896-97 amounted to Ks.3, 82,388.

The district of Agra is traversed by several lines

of railway, and part of it is irrigated by the Agra
Canal. Land revenue and rates (1896-97) amounted to

Bs.19,74,298, the incidence of assessment being R.l : 12
per acre; the cultivated area was 683,111 acres, of which
313,728 were irrigated from wells, &c.; the number of

police was 3753 ;
of vernacular schools, 153, with 5265

pupils; the registered death-rate in 1897 was 56 per

thousand. The principal crops are millets, pulses, barley,

wheat, cotton, and a little indigo. Area, 1845 square

miles; population (1891), 1,003,796, being 544 persons

per square nfile
; (1901), 1,060,546, showing an increase

of 6 per cent.

The division of Agra has an area of 10,139 square miles.

In 1891 the population was 4,767,759, being 470 persons
per square mile. In 1901 the population was 5,248,121,
showing an increase of 10 per cent., attributed to the
extension of irrigation from canals. It comprises the six

districts of Muttra, Agra, Farukhabad, Mainpuri, Etawah,
and Etah.

A£r0*m (Slavonic, Zcigrah] Croatian, Zagreh\ a
municipal town of Hungary, the capital of the provinces
of Croatia and Slavonia. Population (1890), 38,742;
(1900), 57,930. It is the seat of an archbishop and a
universily. The inhabitants carry on a brisk commerce
and industry, its more considerable establishments being a

tobacco manufactory, the works of the Hungarian state

railways, a leather manufactory, a manufactory of war
articles and one of carpets, &c. The new streets, especially

in the lower town, are very fine, with numerous large

mansions and excellent statues. The scientific and
financial institutions are rapidly acquiring a recognized

status.

Agfricultural Machinery.— Since 1875
there has been a marked advance in agricultural

machines—^not so much in the invention of machines
wholly unknown prior to that time, but rather ia the

constant improvement of those which then existed. So
gradual, however, has been the change that it is hardly

possible, except in the case of the Self-binding Harvester,

to point to any single invention as showing a great

departure from the general lines of development, though

the final results are very apparent when the simple,

strong, and effective machines of to-day are compared with

those of a quarter of a century ago. Under these circum-

stances it seems undesirable to treat the subject historic-

ally, and we shall therefore illustrate and describe one

or more types of the latest machines in each important

class, leaving the reader to judge for himself the extent of

the advance since the article in the ninth edition of this

work (vol. i. p. 311) was written.

American implement makers have gone far ahead of

Europe or the United Kingdom, and the following article

is accordingly written from an American standpoint, and

does not represent the actual conditions in operation in

more conservative countries (see, however, p. 208 below).

The several classes of machines be treated by describ-

ing them in the order in which they are used in carrying

on the operations performed: 1st, ploughing; 2nd, the

preparation of the seed-bed; 3rd, seeding or planting;

4th, cultivating; 5th, harvesting.

Ploughs,

Where the amount of work to be done is small, and the

character of the farm does not permit the use of the riding

plough, the old, familiar walking plough is stiU in use;

but it has several serious defects. Owing to the fact that

the friction between the earth and the plough is entirely a

sliding friction, the character of material employed in con-

structing the plough, and the finish imparted to it, and

also the form given to the parts, have a very important

effect in determining the force required to carry on the

operation ; and it is in respect of these features that most

of the improvements in this style of implement have been

made. Instead of cast iron, left in the rough state as it

comes from the mould, the mould-board is now made of

steel, well tempered and highly polished, the result of

which is to improve its scouring qualities, and greatly

reduce the draft necessary to operate it. The use of this

.form of plough calls for considerable skill and strength in

holding it to its work, and the attention of the inventor

has been naturally turned to the production of a machine

in which these objections are obviated
;
and on the larger

farms, and where the character of the surface permits it,

the sulky or riding plough is now generally used^ (see

Fig. 1).

In this form of plough the frame is mounted on three

wheels, one of which runs on the land, and the other two

in the furrow. The furrow wheels are placed on inclined

axles, the plough beam being carried on swinging links,

operated by a hand lever, when it is necessary to raise the

plough out of the furrow. The land wheel and the for-

^ iMJcy machines for tilling the soil are not used in the United

Kingdom. The driver is not seated, in the case of ploughs, harrows,

cultivators, rollers, etc. ; hut mowing machines, hay makers, har-

vesters, &c., have a seat for the driver, as in the Umted States.
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mrd furrow wheel are adjustable vertically with reference

to the frame, for the purpose of controlling the action of

the plough. The team is hitched to a clevis at the end of

the plough beam, and the machine is guided by a pole

secured to an arm on the upper end of the spindle of the

forward furrow wheel
;

and, by means of a connexion

between this arm and a controlling arm on the spindle of

the rear wheel, the latter is controlled in turning by the

former.

The sulky plough has important advantages over the

walking plough from the fact that the weight and down-

ward pull due to its action on the ground are taken by

the wheels, and the friction, being thus converted from
sliding into rolling friction, is much less, and the draft is

correspondingly diminished. It is also easily guided, and
the depth of the furrow is readily controlled by the levers,

which are assisted in their action by springs, thus greatly

lightening the labour. The walking plough also possessed

a serious defect on account of the downward pressure on
the bottom of the furrow, which not only added to the

friction, but had the effect of forming a hard and smooth
bottom, which served to turn water, causing it to run
along the bed thus formed and wash away the fertile soil.

This was remedied to some extent by the sulky plough, as
the bottom pressure was taken up by the wheels; but
a form of plough intended to overcome this defect is being
introduced into extensive use.

This plough is built both as a riding and a walking
plough, and is shown in Fig. 2. The essential feature is

the substitution of a concavo-convex disk, pivoted on the
plough beam, for the mould -board and share of the
ordinary plough. This disk is carried on an axle inclined
to the line of draft, and also to a vertical plane. As the
machine is drawn forward the disk turns on its axis
and^ cuts deeply into the ground, and, by reason of its

inclination, crowds the earth outwards and thus turns a
furrow. A scraper is provided to keep the disk clean and
prevent sticking, and a small plough in the rear squares
the comer of the furrow. The controlling levers and
^ft arrangements are similar to those already described

connexion with the sulky plough. The advantage of
tlm plough over the ordinary form is in the absence of

friction, and in the mellow and porous condition in
which it leaves the bottom of the furrow.

Variations in soil and in the character of the surface of
teniog lands have led to various modifications of the
plough to suit it to these different conditions. In cases
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where the soil is hard and clayey, it is desirable to plough
deeper than usual, and for this purpose a subsoiling plough
is used, which does not turn a furrow, but digs deeply
into the ground and thoroughly stirs it

Pig. 2.—Bisk plough.

Where a hillside is to be worked, a swivel plough
(Fig. 3) is used. In this machine the mould -board is

symmetrical about a line drawn from its point to the

middle of its rear end, and is pivoted at its front and

Pig. i.—Swivel plough.

rear to the landside, so that it can be swung underneath

from one side to the other, and thus changed from right

to left hand, in order that the furrow may be always

turned down hill.

Freparatiaifi of the Seed-Bed.

The ground having been ploughed, it becomes necessary

to pulverize it and break up the clods to furnish a good

seed-bed, and for this purpose the harrow is used.

Harrows,—^The oldest and simplest form of harrow

consisted of a frame of wood, having on its under side a

number of teeth, which, as the implement was drawn over

the ploughed field, combed or raked the surface until it

was substantially level. The first step in improving this

harrow consisted in building the frame of steel bars and

forming them in two or more sections secured to a

common draft bar by flexible connexions, thus enabliDg

the harrow to accommodate itself more exactly to the

iaequahties of the ground, and to secure a more perfect

result. A harrow of this type is shown in Fig. 4.

In this machine the teeth are secured to bars pivoted at

their ends in the side bars of the frame, and provided with

crank arms connected to a common link bar, which may be

moved horizontally by means of a lever for the purpose of
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adjusting tlie angle whicli the teeth make "with the ground,

and thus convert the machine from a pulverizer to a
smoothing harrow. The small figure illustrates a spring
connexion between the adjusting lever and its locking

Fig. 4.—Harrow. Showing tooth mechanism of harrow.

bar, which allows the teeth to yield upon striking an
obstruction.

The course of improvement of the harrow has been
much the same as in the plough, ^.e., in so constructing it

that the operator may ride and control its movements
with ease from his seat on the machine.

before described. The levers enable the operator to raise

the teeth more or less, and thus free them from trash

and also regulate the depth of action.
’

The next improvement of the harrow is illustrated in
Fig. 6.

Fig. 7.—Boiler pulverizer.

Fig. 5.—Spring-tooth harrow.

Fig. 5 illustrates a spring-tooth harrow arranged for

riding. In this harrow the independent frames are

carried upon wheels, and a seat for the operator is

mounted upon standards supported hy the two frames.

The teeth consist of flat steel springs of scroll form, which

Fio, 6.—^Disk harrow.

yield to rigid obstructions, and are mounted on rock
shafts in the same manner as in the walking harrow

This machine consists of a main frame, havmg a pole

and whiffie-trees attached, and to this frame are pivoted,

near their outer ends, two supplemental frames, each of

which has mounted therein a shaft carrying a series of

concavo-convex disks. The supplemental frames may be
swung by the adjusting levers to any angle with relation

to the line of draft, and the disks then act

like that of the disk plough, throwing the

soil outward with more or less force, ac-

cording to the angle at which they are set,

and thus thoroughly breaking up and
pulverizing the clods. 'Above the disks

is a bar to which are pivoted a series of

scrapers, one for each disk, which are held

to their work with a yielding action, being

thrown out of operation when desired by
the levers shown in connexion with the

operating bar. The pans on the main
frame are used to carry weights to hold

the disks down to their work.
For the purpose of more thoroughly

pulverizing the soil, a roller is frequently

used, and an improved form of this im-

plement is shown in Fig. 7.

It consists of a set of skeleton rollers car-

ried on a shaft, and revolving freely in such

a manner that the longitudinal bars break

up aU lumps as the roller passes over them.

One of the hardest and most disagree-

able tasks of the farmer is the hauling and

distribution of manure and fertilizers ;
and

for the purpose of lightening his labours in this respect a
machine has been produced (see Fig. 8).
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It consists of a -waggon, the bottom of which is formed

by a travelling bed or apron driven by suitable connexions

Fig. S.—Fertilizer distributor.

with the wheels of the waggon. At the rear is mounted a

revolving spiked drum or cylinder, which tears up and

distributes the fertilizer as it is fed by the apron.

Seeders and Flanters,

The soil having been prepared, the next step is to sow

the seed, and this is done either by broadcasting, drilling,

or planting in hills.

Fig. 9.—Broadcast seeder.

The broadcast seeder (see Tig. 9) consists of a wheeled
frame carrying transversely thereto a seed-box having a
number of seed-cups in its bottom into which the seed
falls, and extending through these cups is a shaft carrying
feed-wheels, one for each seed-cup. These feed-wheels
are similar to a common spur gear, and serve to feed the
seed regularly and deposit it in the downwardly extending
tubes, where it falls upon an inclined plate and is scattered

in all directions. The feed-shaft is made longitudinally

Pig. IG.—Broedcast seeder.

^justable, and draws the feed-wheels in or out through a
pvolvtng washer in the side of the feed-cups, thus expos-

more
^

or less of the -width of the teeth and regulating
(quantity of seed carried thereby.

A very convenient and cheap form of broadcast seeder

is shown in Fig 10.

This machine consists of a seed-hopper, mounted on a

special tail-board, which can be substituted for the one
generally used by the farmer on his waggon

;
a driving

shaft, also mounted thereon and connected by a sprocket-

chain with a sprocket-wheel on one of the rear wheels of

the waggon
;
a rotating seed -plate in the bottom of the

hopper; and a distributing wheel, shaped much like a
windmill, upon which the grain falls. The seed is very

effectively scattered from the distributing wheel by centri-

fugal force.

Machines used for drilling the seed in rows are sub-

stantially like the broadcast seeder, except that the seed
falls from the tubes into a boot, as illustrated in Tig. 1 1.

Fig. 11.—Grain <irill.

Each of these boots is carried on an arm hinged at its

forward end to the main frame, and provided at its lower

end -with a hoe, which makes a shallow furrow for the

seed-

Tn some of the latest machines other forms of furrow-

making devices are substituted for the hoes, and two of

these variations are illustrated ir. Figs. 12 and 13.

Fig. 12.—Shoe furro-wer.

In Tig. 12 the furrow is formed by a shoe consisting

of two plates converging at their forward ends, and spaced

apart immediately beneath the boot, through which the

seed falls into the furrow.

In Fig. 13 the furrowing tool is the concavo-convex

disk, set at an angle to the line of draft as in the disk

plough, and the seed is dropped into a space formed

between the disk and a flat plate secured to the lower

end of the boot and bearing against -the concave face of

the disk.

S. L— 22
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In the United States the maize or Indian-corn crop ^

exceeds all others in value, and machines used in planting

and handling this

crop are of great im-

portance. Corn
(maize) is sometimes

listed or planted in

a continuous row like

wheat, and for this

purpose a machine

Pig. 13.—Bisk furrower.

known as a lister is employed, which is shown
in Eig. 14.

in both directions, so that a cultivator may be driven
between them. This work is done by a machine called a
check row corn planter, shown in Fig. 15.

In using the corn planter, a wire, having buttons
attached thereto, at intervals corresponding to the distance
between the hills, is first stretched across the field and
anchored at its ends. This wire is then placed upon the
guide rollers at the side of the machine and passes between
the jaws of a forked lever, which is connected at its other
end with a rock-shaft passing across the machine and

Pig. 14.—-Maize lister.

In its general construction this machine is a sulky

plough, having a double mould-board, which turns the

furrow in both directions. Immediately behind the plough
is a sub-soiler for deepening the furrow and penetrating to

the moist soil below the surface. A seed-box is mounted
on the plough beam, and is provided with a feed-plate

operated by a shaft geared to one of the wheels. The
seed is delivered to the furrow in rear of the sub-soiler

and covered by two shovels which turn the soil back into

the furrow.

Pig. 15.—Check row com planter.

It is, however, more common to plant maize in
which are spaced equally from each other and form rows

^
word “com” usually signifies maize, not wheat

—

as m the United l^gdom—^aud so throughout this article. As a grain
crop maize can only be grown in Europe in the southern parts and in
the Danube valley.

Pig. 16.—Check row corn planter.

serving to oscillate a feed -plate in the bottom of each

seed-hopper. As the buttons on the check-wire strike the

forked lever, the latter is drawn to the rear and causes the

feed-plate to drop the seed through the tubes into the

open space between the plates of the furrowing shoe.

The reel at the rear of the machine is used to take up the

check-wire as the planter progresses.

In one of the latest corn planters, shown in Fig. 16,

the check-wire is dispensed with, and the machine is pro-

vided with a shaft carrying two reels, the blades of wMch
are at a distance ai-)art equal to the distance between the

hnis of corn, and thus measure the intervals at which the

corn is to be dropped. A rod, extending from the side of

the machine, and carrying a small wheel, marks the next

row and serves as a guide to the driver.

Potatoes are also planted by a special machine, which

may be seen in Fig. 17.

Fig. 17.—Potato planter.

The potato planter consists of a frame mounted on
wheels, carrying a seed-box and usually a receptacle for

fertilizers. The potatoes are fed by a suitable valve-plate

into a chamber in which revolves a wheel having at the

extremities of its spokes pins which impale the potatoes

one by one, and carry them over to the seed tube, through
which they fall into the furrow opened for them by a shoe,

in the same manner as in the corn planter. An endless
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apron feeds the fertilizer and drops it with the potatoes,

the furrow being closed by a pair of disks which follow

the seed tube.

Cultivators and Weeders,

It is important, after the seed has been planted and

sprouted, to keep the ground in a porous condition, in

order that it may absorb and retain moisture, and be easy

of penetration by the growing roots. This result is

Fig. 18.—Cultivator.

attained by the use of cultivators, and their construction

win be easily understood from Fig. 18.

Fig. 19.—Disk cultivator.

These machines are made as w’alking cultivators
;
but,

as in all the implements before described, the tendency is

to provide a machine upon which the operator may ride.

The drawing shows one adapted for either mode of opera-

fton. It comprises an arched axle, to extend over the row

of plants ; a draft frame, secured to the axle
;
and a pair of

cultivator frames, carrying small shovels for breaking up
the sod. These cultivator frames are hinged at their

forward ends to the main frame, and are supported by
springs, so that they would be normally raised from the

ground
;
but the necessary pressure is applied by the feet

of the rider, or by the hands of the operator in case he is

walking behind the machine.
The latest forms of the cultivator, as shown in Fig. 19,

substitute for the shovels two sets of concavo-convex disks,

operating precisely as in the disk plough and harrow be-

fore mentioned.

Fig. 20 shows a new type of weeding machine now
coming into use, and consisting of a wheeled frame, to

which the team is attached, and from which depend a
number of spring wires, whose action is to rake and tear

out the weeds. A lever permits the operator to adjust

the angle of the teeth with the ground.

In Fig. 21 is shown a very interesting implement,

which is intended for gardeners, and is pushed by the

operator. By changing one part for another, by simply

detaching them and making the necessary substitution,

the machine may be used as a hill or drill seeder and
marker, a plough, a wheel hoe, a cultivator, and a harrow

or rake.

Harvesters.

Mowing machines have long been in use, but have

been .constantly improved in construction, and the modern
machine far exceeds in durability and convenience of

Fig. 22.—Mower.

operation that which was in use a few years ago» It is

now made almost entirely of iron and steel, with very
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little wood, and tHs construction enables all joints to be

made mucb stronger and more permanent.

A recent form of mower is shown in

Tig. 22. The cutter bar is of the well

known type. The draft evener slides in

guides upon the tongue, and is connected

Yith the coupling bar in such a manner
that the weight of the entiie cutting appar

ratus is taken off the ground, thus pro-

ducing a very light running machine.

Levers are provided for tilting the finger

bar for cuttmg closer or higher, and a

second lever raises the coupling frame and
finger bar in passing obstructions. The
latter operation may also be performed by
the foot of the operator pressing upon the

curved lever at the rear of the axle.

bars, which extend rearwardly between the teeth, prevent
the hay from clinging and ensure its discharge.

Fig. 25.—Side delivery horse rake.

In Fig. 25 is shown what is known as a side- delivery

horse rake, which takes up the hay by means of a re-

volving toothed cylinder, from which it is taken by a

toothed carrier and delivered upon a transversely moving
apron. The hay is thus discharged from the machine in

a continuous wind-row, extending in a direction parallel

with the line of draft of the machine.

Another labour-saving machine is the tedder (Fig. 26)

used for spreading and turning the hay while it is being

cured.

Fig 28 —Lawn Mower

For mowing lawns, the machine shown in

Fig, 23 is used.

Instead of a reciprocating knife, the lawn
mower employs a revolving reel, having

spirally-arranged knives which impinge upon
a stationary knife and cut the grass with a

shearing action which is more effective in

short and tender grass than a reciprocating

knife. The gauge roUer at the rear of the

machine regulates the height of the cut.

Instead of raking hay by hand, the farmer

now employs a horse rake, which is illustrated

in Fig. 24.

The hay is raked by the spring teeth,

and when a sufficient quantity to form a
wind-row has accumulated, the driver presses

with his foot upon a lever operating a clutch

and connecting the rake head to the driving

wheels. The rake is thus raised and the

Fro. 24.—Horse rake.

load dtonped by the action of the team. The clearer

Pia 26 —Hay tedder.

This machine is mounted on two wheels, and carries in

bearings at the rear of the frame a multip>le-cranked shaft,

provided with a series of forks sleeved on the cranks and

having their upper ends connected by links to the frame.

As the crank-shaft is driven from the wheels by proper

gearing the forks move upward and forward, then down-

ward and rearward, in an elliptical path, and kick the hay

sharply to the rear, thus scattering and turning it. The

tedder forks are hinged to the arms and are provided with

cranks connected by rods to springs on the arms, being thus

enabled to yield and avoid breakage by striking an obstacle.

For loading the hay on waggons a combined hay rake

and loader, shown in Fig. 27, may be used.

This machine is coupled to the rear of the hay-rack and

is drawn over the field, the revolving hay rake picking up
the hay and feeding it to the elevator, which consists of
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an endless belt driven from the wheels, and discharging

the hay into the rack as it follows the machine.

Tig. 2T — Hay rake and loader.

In storing hay in the barns the work may be done by
a travelling carrier running on tracks above the hay mow,

to the point where it is to be deposited by horse-

power.

If the hay is to be stacked, a drag-rake

and stacker, as shown in Tig. 28, may be

employed.

The drag-rake consists of a triangular

frame, having a supporting wheel at each

angle, and a rake head pivoted to the frame

parallel with the base of the triangle. The
rake head can be lowered so that the teeth

sweep the ground and take up a large

quantity of hay. The rake is then driven

to the stacker and the load is deposited on

the elevating rake, which is hoisted by a
system of pulleys and ropes, and discharges

the hay on to the stack.

If hay is to be shipped it is advantageous

to bale it, a press operated by horse-power

(Fig. 29) being used for the purpose.

The hay-press is provided with a hopper

into which the loose hay is fed in front of a

plunger moved by means of a lever, to

which the horses are attached. The action

of the lever is then reversed, the plunger

retreats, a new charge of hay is fed, and
the movement is repeated. In this way the

hay is pressed into a compact bale, wires

are passed around it and secured, and the

bale is then ejected. By treating the hay
in this manner much storage space is saved, and, in

shipping, the freights are greatly reduced. In fact, it

Pig. 28,—Drag rake and stacker.

the hay being removed from the waggon by means of a
harpoon fork or by slings upon which it is laid when put

Fig. 29 —Hay baling press. Fig. 30 —Potato digger.

in the waggon. The fork or slings are attached to the I would be impossible to ship hay to any distance unless it

pulley of the carrier, and the load is elevated and carried
1
were baled.
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Potatoes are, perhaps, most often dug by hand, but

there are also machines and implements provided for this

purpose.

One of the simplest of potato diggers (Fig* 30) consists

of a double plough, to each wing of which are secured

rearwardly extending fingers. As the plough is drawn

through the field, the potatoes are thrown up, and as they

slide over the fingers the loose earth is sifted through,

while the potatoes fall off at the rear upon the surface of

the ground, from which they are picked up by hand.

Fio 31 —Potato digger

A slightly different form of digger is shown in Fig. 31.

This plough throws up the potatoes like the former one,

but turns them off on each side, where they fall upon a
floating frame composed of steel rods, which are caused to

vibrate by the inequalities of the ground, sifting out the

earth and leaving the potatoes on the surface.

tion made so great a change. Most of the grain was then
harvested by machines cutting by a reciprocating knife

and throwing the giain upon a travelling canvas apron
which delivered it to a second elevator apron carrying it

over the driving wheel, where it was dropped upon a table

and bound by an attendant. These machines were fur-

nished with a divider at the end of the cutter bar for

separating the grain to be cut from the standing gram
and also with a reel which pressed lorward into the stand-

ing grain and pushed it back to present it properly to the

cutter bar. All these are essential features of the modern
harvester.

About 1873, what was probably the first commercially

successful automatic self-binding harvester was brought

out in the Locke wire binder. This was extensively used

for several years, and wire binders were also built by other

manufacturers, but there were serious objections to their

use, principally on account of pieces of the wire being

carried into the threshing machines and even into the

flour -mills, where, by contact with the rapidly movmg
machinery, they were likely to cause fires.

The attention of inventois was then turned to the twine

binder, but although some of the earliest attempts at grain

binding were made with twine, even antedatmg the wire

binders, it was not until 1879 that the Appleby patent,

under which most of the self-binding harvesters of to-day

are built, was taken out; and it was not until several

years later that they came into extensive use. Some of

the most important parts of the binder had been invented

before the Appleby patent, such as the

automatic tiip which regulates the action of

the binder, invented by Gray in 1858, and
the knotting bill and revolving cord-holder,

patented by Behel in 1864. For various

reasons, however, none of these inventions

went into use until they were embodied in

the Appleby machine. The self -binding

harvester is probably the most ingenious

and interesting of all agricultural machines,

and will be briefly described.

Fig. 33 shows a rear view of the self-

binding harvester. As already explained,

the grain is bent over and presented to the

reciprocating cutter bar by means of the

revolving reel, and is then conveyed by the

apron and elevator over the master wheel

and discharged upon the downwardly in-

clined binder table.
A more complicated form of

potato digger is shown in Fig. 32.

This machine is designed to be
drawn by a pair of horses, and
carries at its forward end a power-
ful scoop, which takes up the earth

and potatoes, delivering them upon
an endless carrier driven from the
wheels of the machine. This
carrier is composed of rods, and
is given a vibrating motion by
which most of the earth is sifted

out, and the potatoes are dis-

charged upon a second carrier

which completes the operation.

The scoop can be adjusted by a suitable lever to dig at
any desired deptL

Gram Hcurvesters,

Twenty-five years ^o grain was harvested by machines,
but they were very different in character from those now
in use, and in no class of agricultural machines has inven-

PiG 33 -Self-binding harves»tei

As the grain flows from the elevator, the butts are at

the front of the machine and are evened up by a device
called a butt adjuster, shown in Fig. 34, which is con-
nected to a crank at its upper end and guided on a rod at

its lower end, being thus given an elliptical movement and
patting the ends of the grain, thus squaring the butt of

the sheaf.
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The grain moving on down the binder deck is foiwrarded

by the packers, as seen in Fig. 35. These consist of a

Fig S4 —Butt adjuster

pair of arms sleeved upon cranks on a constantly driven

shaft, and having their lower ends connected by links to

Fig 35 —Binding mechanism.

the frame of the machine. By means of the packers, the

grain is forced against the compressor or trip arm until a

Fig 36 —Knot-tymg mechanism.

sufficient quantity has accumulated to form a bundle, the

^ of which is regulated by suitable adjusting devices.
When the pressure on the trip arm becomes sufficient to

overcome the tension of the spring, shown at the right of

the figure, the latter yields, and the trip latch, being

connected to the compressor shaft, is raised and releases

the end of a dog carried on a gear by which the knotter

shaft IS driven, and the dog is immediately thrown down
by a spring engaging a lug on the packer shaft. This

starts the knotter shaft, which carries the compressor cam,

and, the cam wheel being connected by a pitman with the

needle shaft, the needle moves upward, passing the cord

round the bundle. Simultaneously with the motion of

the needle, the compressor is forced against the grain, and
the bundle is tightly compressed between the compressor

and the needle, thus taking most of the strain off the cord.

Previously to the upward movement of the needle, the

cord is held by one end in the cord holder, which lies outside

the knotter bill, as seen in Figs. 36 and 37, and extends

Fig 37 —Knot tying mechanism

over the knotter, underneath the bundle, through the eye

of the needle, and thence to the twine box. As the needle

carries the cord upward, the second strand is laid over the

knotter and cord holder, and, at this moment, the seg-

mental racks on the knotter wheel engage the pinions of

the knotter and cord holder. As the knotter rotates, a

loop of both strands of the cord is formed round both

jaws, and when about three-quarters of the revolution is

completed, the upper jaw is raised by a cam, the strands

between the knotter and cord holder passing between the

Pig. 38 —^Holmes tinder

jaws and being grasped thereby. The cord-holder disk

carries a knife which now strikes the cord and severs it,

the end running to the eye of the needle remaining in

the grasp of the holder. The discharger arms, which are

rigidly secured to the knotter wheel, then reach the

bundle, forcing it out of the binder, drawing off the

loop from the knotter over the bight held between its

jaws, and the knot is complete. All this takes place

during a single revolution of the knotter shaft, and as
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the needle retreats, the trip latch is lowered into position

to strike the trip dog, thus releasing it from the lug on

the packer shaft and stopping the binder until the next

bundle is formed, when the action is repeated.

As the bundles are discharged from the binder, they

are received by a bundle carrier and retained

until it contains the number necessary to

form a shock, when the carrier is tripped by
the operator and the sheaves are deposited

upon the ground. The bundle carrier is an
important addition to the binder, and the

cost of labour in setting the sheaves in

shocks is lessened, as they are deposited in

a single spot instead of being gathered

fiom a considerable area.

The only binder built in the United States

differing from the Appleby type is the Holmes -

binder, illustrated by Figs. 38 and 39. -5̂

This binder differs in its general organiza-

tion from the Appleby, the packers being of

the toothed disk type and carried above the

binder table, as is also the starting clutch.

The discharger is similar in construction to

the forks of a tedder. The knotter is composed of two
parts carried by a rotary spindle, one of them being sleeved

cord holder is of the sliding jaw type instead of the rotary
form.

^

On small farms, the sweep-rake reaper shown in Fig, 40
is frequently used.

The cutting apparatus of this machine is similar to that
in all harvesting machines, but is attached to the front of
a quadrantal platform upon which the grain falls as it is

cut. At the stubbleward end of the frame, just inside the
master wheel, is a pedestal having upon its top a cam. A
rotating shaft carrying a number of rake arms, hinged
thereto, is mounted in the pedestal, and the rake arms
are guided by the cam in such a manner that they bring
the grain to the cutter bar, sweep it back over the plat-

form, depositing it in a gavel on the ground, and are then
raised abruptly to clear the driver. These cams can gener-
ally be set by a switch, so that every rake, or every second^

third, or fourth rake, may deposit the gavel.

On the Pacific coast of America the wheat farms are of

immense size, sometimes as large as 20,000 acres in a single

field, and the climate is very dry, so that the giain is

allowed to ripen in the field. These conditions have enabled

American farmers to make use of headers and combined
heading and threshing machines.

Fio, 40.—Sweep-iake reaper.

in the other, and having an independent movement in
opening and closing the jaws to receive the loop. The

Fig 41 —Header

The header frame is mounted upon two wheels and has

a pole extending to the rear, at the end of which is a

swivelled steering wheel operated by a suit-

able tiller (Fig. 41). An evener is pivoted

forward of the steering wheel, and to this

the horses are attached and push the

machine in advance. At the forward end

of the frame a platform is hinged and can

be adjusted vertically by means of a long

lever extending back to the driver. This

platform carries the cutting apparatus and

the platform apron, which delivers at one

side to an elevator. The cutting ap-

paratus is adjusted to cut the heads from

the grain, leaving the straw, and the

heads are discharged into a waggon which

moves along with the header. The header

cuts a much wider swathe than the self-

binder, and therefore, under the condi-

tions to which it is adapted, is capable of

doing more work.

The next step in decreasing the cost of

harvesting was to combine with the header

a threshing machine, the former being

attached to the side of the latter, and
delivering the grain thereto. The grain

is then threshed out and bagged at the

rate of 25 to 45 acres per day, according to the stand of

grain and other varying conditions, thus reducing the coat
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from 6 to 9 cents per 100 pounds below that incurred wben

a header alone is used.

By applying a traction engine to a combined harvester,

it is possible to increase the width of cut and thus add

still further to its capacity. The machine shown in Fig

42 is built with a cut as great as 42 feet, and will

cut, thresh, reclean and sack 125 acres of wheat in one

day, requirmg eight men to operate it. It is undoubt-

edly the most economical machme in use for harvesting

grain.

Fig. 43 illustrates a harvesting outfit consisting of

engiae, thresher, header, water -tank waggon, and cook-

house, travelling from ranch to ranch, which gives a good

idea of the scale on which this work is done.

Fia 42—Oomtined steam harvester.

Fig 43 —Combined harvesting outfit

Corn Harvesters,

Until very recently, corn (maize) was harvested in

America by hand, sometimes by breaking off the ears

and leaving the stalks standing, and turning the cattle

in to feed, and sometimes by cutting the stalks with a

com knife and securing them in shocks. Within the last

few years machines have been built for performing this

very laborious work. If the intention be to leave the

stalks standing, a machine called a stripper and husker is

used, which passes the stalks between two inclined rollers

as the .machine advances, the ears being snapped from

the stalks by the rollers and falling on to a travelling

carrier by which they are fed into a husker, and from

thence to a waggon travelling with the machine. If the

corn is to be shocked, a machme of the type shown

in Fig. 44 is employed.

In this type of corn harvester a pair of

inclmed gatherers passes, one on each side

of the row, pickiug up all down stalks, and
feeding them through the machine by means

of the gathering chains which support them
as they are cut off by the knife. The stalks

are then pushed to the rear by the packers

of a vertically placed automatic hinder,

operating in the same way as a grain hinder,

to bind the bundle securely and discharge it

into the bundle carrier, which retains it

until enough is accumulated to form a

shock. The bundle carrier is then operated

and deposits the bundles on the ground.

Another type of corn harvester cuts the

stalks in a vertical position, as above de-

scribed, but forces them over on to an in-

clined table, down which they slide into a

horizontal binder, where they are bound in

the same way as m a grain hinder.

The corn having been shocked, it is now customary h)

feed the stalks to a husking and shredding machine, in

which the ears are snapped by rollers from the stalks, apd

then pass on to a cylinder having a series of knives, which

split the stalk and tear it mto small pieces. It is finally

S.L— 23

Fig. 44 —Corn harvester and binder.
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discharged by an elevator and hauled away to be used in

feeding stock. The ears of corn snapped off fall between

a pair of husking rolls, which strip off the husks, the

latter being carried off with the shredded stalks.

The ears of corn are then fed to a corn sheller, which
rolls and rubs them between toothed disks until the

kernels are detached, and they are then passed through

cleaning devices in order to separate them from the

chaff.

In Fig. 45 is shown a threshing machine for separating

wheat and other small grain from their straw. The grain

is fed between a rotating toothed cylinder and a toothed

concave, by which means the straw is thoroughly beaten
and the grain shaken from its husk. The straw then
passes over shaking screens which shake down the grain,

the latter being thoroughly cleaned by a blast of air

passing upward through the screens. The straw is finally

blown out through the stacking pipe on to the stack.

In conclusion, it may be said that the improvements in

[united

agricultural machinery in the last few years have made
possible the opening up of vast tracts of the world's
farming lands which would otherwise have remained

Pig 45.—Threshing machine.

unproductive for years to come, on account of the scarcity
of labour, and have enabled agricultural operations to be
carried out upon such a scale as greatly to reduce the cost
of food to all the world. fF. c s ^
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General Survey, 1875-1900.

The time which has elapsed since the article Agri-
culture was published in the ninth edition of the

Eifuyydop(Bdia Britannica has been a fateful period for the
greatest British industry. The hopeful views that were
expressed at the conclusion of that article have not been
realized.^ The great future that seemed then to await the
application of steam power to the tillage of the soil has
proved illusory. The clay soils of England, the latent fer-
tility of which was to be brought into play in a fashion that
should mightily augment the home-grown supplies of food,
remain almost as intractable as ever, and the extent of
land devoted to the cultivation of corn crops, instead of
expanding, has diminished in a degree to which there is no

^ These portraits are not intended, to convey any idea of the
j^ative sizes of the different animals. In plate 14, for example, the
H^pshire Down Ram, though represented by a smaller picture, is
a decidedly bi^er animal than the Southdown Bam portrayed in the
same plate.

recorded parallel. Farmers of long experience commonly
look back to 1874 as the last of the really good years,

and consider that the palmy days of British agriculture

began to dwindle at about that time. The shadow of the

approaching depression had already fallen upon the land
before the year 1875 had run its course, and the outlook
became ominous as the decade of the 'seventies neared its

close. One memorable feature was associated with 1877
in that this was the last year in which the dreaded cattle

plague (rinderpest) made its appearance in England. There
has been no record of it in the British isles since that year,

and it is hoped that it has been banished for ever. The
same year, 1877, was the last also in which the annual
average price of English wheat exceeded 60s. per imperial

quarter. The average was 56s. 9d. that year, but it has
never since been within 10s. of this level. With dechn-
ing prices for farm produce came that year of unhappy
memory, 1879, when persistent rains and an almost sun-

less summer ruined the crops, and reduced many farmers
to a state of destitution. Much of the grain was never
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harvested, whilst owing mainly to the excessive floods

there commenced an outbreak of liver -rot in sheep, due

to the ravages of the fluke parasite. This continued for

several years, and the mortality was so great that its

adverse effects upon the ovine population of the country

were still perceptible ten years afterwards. A fall in

rents was the necessary sequel of the agricultural distress,

to inquire into which a royal commission was
Royal appointed in 1879, under the chairmanship

duke of Richmond and Gordon. Its re-

port, published in 1882, testified to “the great

extent and intensity of the distress which has fallen

upon the agricultural community. Owners and occupiers

have alike suffered from it. No description of estate

or tenure has been exempted. The owner in fee and

the hfe tenant, the occupier, whether of large or of

small holding, whether under lease, or custom, or agree-

ment, or the provisions of the Agricultural Holdings

^ct— aU without distinction have been involved in

a general calamity.” The two most prominent causes

assigned for the depression were bad seasons and foreign

competition, aggravated by the increased cost of production

and the heavy losses of live stock. Abundant evidence

was forthcoming as to the extent to which agriculture had
been injuriously affected “ by an unprecedented succession

of bad seasons.” As regards the pressure of foreign com-

petition, it was stated to be greatly in excess of the antici-

pations of the supporters, and of the apprehensions of the

opponents, of the repeal of the Corn Laws. Whereas

formerly the farmer was to some extent compensated by a

higher price for a smaller yield, in recent years he had
had to compete with an unusually large supply at greatly

reduced prices. On the other hand, he had enjoyed the

advantage of an extended supply of feeding-stuffs—such

as maize, linseed cake, and cotton cake—and of artificial

manures, imported from abroad. The low price of agri-

cultural produce, beneficial though it might be to the

general community, had lessened the ability of the land to

bear the proportion of taxation which had heretofore been

imposed upon it. The legislative outcome of the findings

of this royal commission was the Agricultural Holdings

Act 1883, a measure which continued in force in its

entirety till 1901, when a new Act came into operation.

The apparently hopeless outlook for corn-growing com-

pelled farmers to cast about for some other means of

subsistence, and to rely more than they had hitherto done
upon the possibiKties of stock-breeding. It was in parti-

cular the misfortunes of the later ’seventies that gave the

needed fillip to that branch of stock -farming concerned

with the production of milk, butter, and cheese, and from
this period may be said to date the revival of the dairying

industry, which received a powerful impetus through the

introduction of the centrifugal cream separator, and was
fostered by the newly-established British Dairy Farmers’

Association. The generally wet character of the seasons

in 1879 and the two or three years following was mainly
responsible for the high prices of meat, so that the sup-

plies of fresh beef and mutton from Australia which now
began to arrive found a ready market, and the trade in

imported fresh meat which was thus commenced has prac-

tically continued to expand ever since. The great losses

arising from spoilt hay crops served to stimulate experi-

mental inquiry into the method of preserving green fodder
known as ensilage, with the result that the system event-

ually became successfully incorporated in the ordinary
routine of agricultural practice. A contemporaneous
effort in the direction of drying hay by artificial means led

to nothing of practical importance. By 1882 the cry as
to land going out of cultivation became loud and general,

and the migration of the rural population into the towns
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in search of work continued unchecked. In 1883 foot-

and-mouth disease was terribly rampant amongst the herds
and flocks of Great Britain, and was far more prevalent

than it has ever been since. It was about this time
that the first experiments were made (in Germany) with
basic slag, a material which had hitlierto been regarded as

a worthless by-product of steel manufacture. A year or

two later field trials were begun in England, with the

final result that basic slag has become recognized as a

valuable source of phosphorus for growing crops, and is

now in constant demand for application to the soil as a

fertilizer. In 1883 the veterinary department of the Privy

Council—^which had been constituted in 1865 when the

country was ravaged by cattle plague—^was abolished by
order in council, and the “ Agricultural Depart- Board of
ment” was substituted, but no alteration was A^r?-

effected in the work of the department, so far culture^

as it related to animals. In 1889 the Board of

Agriculture (for Great Britain) was formed under an Act
of parliament of that year (52 & 53 Yict. c. 30), and the

immediate control of the Agricultural Department was
transferred from the clerk of the Privy Council to the

secretary of the Board of Agriculture, where it remains.

A Minister for Agriculture had for yeaB| been asked for

in the interests of the agricultural community, and the

functions of this office are discharged by the president of

the Board of Agriculture, whose appointment of course is,

like that of the president of the Board of Trade, a political

one, and may or may not carry with it a seat iu the

Cabinet. The Board of .Agriculture, on its establishment,

took over from the Privy Council the responsibilities of

the Contagious Diseases (Animals) Acts, besides the com-
prehensive duties of the Land Commission, and the autho-

rity and responsibilities of the Commissioners of Her
Majesty’s Works and Public Buildings under the Survey
Act of 1870. The Boaid is entrusted with the collection

and preparation of statistics relating to agriculture and
forestry, the inspection of schools (not being public ele-

mentary schools) in which technical instruction is given

in agriculture or forestry, and the instituting of such
experimental investigations as may be deemed conducive

to the progress of agriculture and forestry. The election

took place in the same year (1889) of the first county-

councils, and the allotment to them of various sums of

money under the Local Taxation (Customs and Excise)

Act 1890 enabled local provision to be made for the pro-

motion of technical instruction in agriculture. It was at

about this time that the value of a mixture of lime and
sulphate of copper {houillie bordelaise), sprayed in solution

upon the growing plants, came to be recognized as a check

upon the ravages of potato disease.

The general experience of the decade of the ’eighties was
that of disappointing summers, harsh winters, falling

prices, declining rents, and the shrinkage of land values.

It is true that one season of the series, that of 1887, was
hot and droughty, but the following summer was exceed-

ingly wet. Nevertheless the decade closed more hopefully

than it opened, and found farmers taking a keener interest

in grass land, in live stock, and in dairying. Cattle-

breeders did well in 1889, but sheep-breeders fared better

;

on the other hand, owing to receding prices, corn-growers

i

were more disheartened than ever. With the incoming of

the last decade of the century there seemed to be some

justifiable hopes of the dawn of better times, but they

were speedily doomed to disappointment. In 1891 excess-

ively heavy autumn rains washed the arable soils to such

an extent that the next season’s corn crops were below

average. Wheat in particular was a poor crop in 1892,

and the low yield was associated with falling prices, due to

large imports. The hay crop was very inferior, and in some

agricultuhe
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cases it was practically ruined. TMs gave a stimulus to

the trade in imported hay, which rose from 61,237 tons

in 1892 to 263,050 tons in 1893, and despite some large

home-grown crops in certain subsequent years (1897 and

1898) this expansion has never since been wholly lost.

The misfortunes of 1892 proved to be merely a prepara-

tion for the disasters of 1893, in which year occurred the

most destructive drought within living memory. Its

worst effects were seen upon the light land farms of

England, and so deplorable was the position that a Eoyal

Commission on agricultural depression was
Royal appointed in September of that year under the

chairmanship of Mr Shaw Lefevre. Thus, within
* the last quarter of the 19th century—and, as a

matter of fact, only fourteen years apart—two Eoyal Com-
missions on agriculture were appointed, the one in a year of

memorable flood, 1879, and the other in a year of disas-

trous drought, 1893. The report of the Commission of

1893 was issued in March 1896. Amongst its chief re-

commendations were those relating to amendments in the

Agricultural Holdings Acts, and to tithe rent-charge, rail-

way rates, damage by game, sale of adulterated products,

and sale of imported goods (meat, for example) as home pro-

duce. Two legislative enactments arose out of the work
of this Commission. In the majority report it was stated

“that, in order to place agricultural lands in their right

position as compared with other ratable properties, it is

essential that they should be assessed to all local rates in

a reduced proportion of their ratable value.” The Agri-

cultural Eates Act, 1896, gave effect to this recommenda-

tion. Its objects were to relieve agricultural land from
half the local rates, and to provide the means of making
good out of Imperial funds the deficiency in local taxation

thereby caused. It was provided that the Act should

continue in force only till 31st March 1902, but a
further Act in 1901 extended the period by four years.

Meanwhile the Eoyal Commission on local taxation was
inquiring into the general incidence of local taxation,

both urban and rural, and its proper adjustment between
real and personal property, and presented its report in

the summer of 1901, The other measure arising out of

the report of the Eoyal Commission of 1893 was the

Agricultural Holdings Act, 1900. This is an amending
Act and not a consolidating Act

;
consequently it has to

be read as if incorporated into the already existing Acts.

As affecting agricultural practice there are three note-

worthy improvements in respect of the making of which,

without the consent of or notice to his landlord, a tenant

may claim compensation—(1) the consumption on the
holding “by horses, other than those regularly employed
on the holding,” of corn, cake, or other feeding-stuff not
produced on the holding; (2) the “consumption on the

holding by cattle, sheep, or pigs, or by horses other than
those regularly employed on the holding, of corn proved
by satisfactory evidence to have been produced and con-

sumed on the holding”; (3) “laying down temporary
pasture with clover, grass, lucerne, sainfoin, or other seeds

sown more than two years prior to the determination of

the tenancy.”

After 1894, in which year the brilliant prospects of a
bountiful harvest were ultimately extinguished by untimely

and heavy rains, all the remaining seasons of

the closing decade of the 19th century were
domiziated by drought, A fact that was amply

illustrated, moreover, is that the period of incidence of a
drought is not less important than its duration, and the
same is true of abnormal rainfall, A spring drought, a
summer drought, an autumn drought, ea^ has its distinc-

tive characteristics in so far as the effect upon the crops
is ooucemed. The hot drought of 1893 extended over
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the spring and summer months, but there was an abundant
rainfall in the autumn

; correspondingly there was an un-
precedentedly bad yield of corn and hay crops, but a
moderately fair yield of the main root crops (turnips and
swedes). In 1899 the drought became most intense in
the autumn, after the corn crops had been harvested, but
during the chief period of growth of the root crops;
correspondingly the corn crops of that year rank very
well amongst the crops of the decade, but the yield of
turnips and swedes was the worst on record. It is quite

possible for a hot dry season to be associated with a large

yield of corn, provided the drought is confined to a suit-

able period, as was the case in 1896, and still more so in

1898; the English wheat crops in those years were pro-

bably the biggest in yield per acre that had been harvested

since 1868, which is always looked back upon as a remark-

able year for wheat. The drought of 1898 was inter-

rupted by copious rains in June, and these falling on a
warm soil led to a rapid growth of grass and, as measured
by yield per acre, an exceedingly heavy crop of hay.

With the exceptions of 1891 and 1894, every year

in the period 1891-1900 was stricken by drought. The
two meteorological events of the decade which will pro-

bably live longest in the recollection were, however, the

terrible drought of 1893, resulting in a fodder famine in

the succeeding winter, and the severe frost of ten weeks*

duration at the beginning of 1895. Between these two
occurrences came the disastrous decline in the value of

grain in the autumn of 1894, when the weekly average

price of English wheat fell to the record minimum of

17s. 6d. per imperial quarter. As a consequence, the ex-

tent of land devoted to wheat in the British isles receded in

1895 to less than 1^ million acres, which is the lowest area

on record. Successful trials of sulphate of copper solution

as a means of destroying charlock in corn crops took place

in the years 1898-1900. Charlock is a most persistent

cruciferons weed, but if sprayed when young with the solu-

tion named it is killed, the corn plants being uninjured.

Amongst recent legislative measures of importance to

agriculturists mention should be made, in addition to those

that have been referred to, of the Tithe Eent-

charge Eecovery Act, 1891, which transfers the

liability for payment of tithe from the occupier

to the owner. In the same year was passed the Markets

and Fairs (Weighing of Cattle) Act, The object of the

Small Holdings Act, 1892, was to facilitate the acquisition

of small agricultural holdings. It provides that a county

council may acquire any suitable land, with the object of

allotting from one to fifty acres, or, if more than fifty

acres, of an annual value not exceeding .£50, to persons who
desire to buy, and will themselves cultivate, the holdings.

If, owing to proximity to a town or otherwise, the pro-

spective value is too high, the council may hire such land

for the purpose of letting it. The Fertilizers and Feeding

Stuffs Act, 1893, compels sellers of fertilizers (^.e., manures),

manufactured or imported, to state the percentage of the

nitrogen, of the soluble and insoluble phosphates, and of

the potash in each article sold, and this statement is to

have the effect of a warranty. Similar stringent condi-

tions apply as regards the sale of feeding stuffs for live

stock. The Finance Act of 1894, with its great changes in

the death duties, overshadowed all other Acts of that year

both in its immediate effects and in its far-reaching conse-

quences. TheCopyhold Consolidation Act, 1894, supersedes

six previous copyhold statutes, but does not effect any altera-

tion in the law concerning enfranchisement. The Diseases

of Animals Act, 1896, provided for the compulsory slaughter

of imported live stock at the place of landing. The Light

Eailways Act and the Locomotives on Highways Act were

added to the Statute Book in 1896, and various clauses in
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the Finance Act effected reforms in respect of the death

duties, the land-tax, farmers’ income-tax, and the beer

^iuty. The Chaff-cutting Machines (Accidents) Act, 1897,

is a measure very similar in its intention to the Threshing

Machines Act, 1878, and provides for the automatic pre-

vention of accidents to persons in charge of chaff-cuttmg

machines. The Sale of Food and Drugs Act, 1899, has

special reference in its earlier sections to the trade in dairy

produce and margarine. In 1899 was also passed the Act

establishing a department of agriculture and technical in-

struction in Ireland.

The Acreage oe Crops.

The most notable feature in connexion with the cropping

of the land of the United Kingdom during the last

quarter of the 19th century was the lessened cultivation

of the cereal crops, associated with an expansion in the

area of grass land. At the beginning of the period the

aggregate area under wheat, barley, and oats was nearly

10| million acres
;
at the close it did not much exceed

8 million acres. There was thus a withdrawal during the

period of considerably over 2 million acres from cereal

cultivation. From Table I., showing the acreages at

Table I.

—

Areas of Cereal Crops in the United Kingdom—Acres.

Year. I
Wheat Barley,

j

Oats. Total.

1875
1880
1885
1890
1895
1900

3,514,088

3,065,895
2,553,092

2,483,595
1,456,042

1,901,014

2,761,362

2,696,000

2,447,169

2,300,994
2,346,367

2,172,140

4,176,177

4,191,716

4,282,694

4,137,790

4,827,899

4,145,683

10,441,627

9,952,611

9,282,855

8,922,379

8,330,308

8,218,787

intervals of five years, it will be learnt that the loss fell

chiefly upon the wheat crop, which at the close of the

period occupied barely more than half the area assigned

to it at the beginning. If the land taken from wheat had

been cropped with one or both of the other cereals, the

aggregate area would have remained about the same.

This, however, has not been the case, for a fairly uniform

decrease in the barley area has been accompanied by some-

what irregular fluctuations in the acreage of oats. To
the decline in prices of home-grown cereals the decrease

in area is largely attributable. The extent of this decline

is seen in Table II., wherein are given the annual average

prices, calculated upon returns from the statutory markets
of England and Wales (numbering 196 ^ since 1890, under
the Corn Keturns Act, 1882). These prices are per im-

perial quarter,—^that is, 480 R of wheat, 400 of barley,

and 312 ib of oats, representing 60 S>, 50 Ib, and 39 Ib per

bushel respectively. Since 1883 the annual average price

of English wheat has never again been so high as 40s.

per quarter, and only twice since 1892 has it exceeded 30s.

In one of these exceptional years, 1898, the average rose

to 34s., but this was due entirely to a couple of months
of inflated prices in the early haff of the year, when the

outbreak of war between Spain and the United States of

America coincided with a huge speculative deal in the latter

country. The weekly average prices of English wheat in

1898 fluctuated between 48s. Id. and 25s. 5d. per quarter,

the former being the highest weekly average since 1882.
The minimvm annual average was 22s. lOd. in 1894, in
the autumn of which year the weekly average sank to

17s. 6d. per quarter, the lowest on record. Wheat was so
^reat a glut in the market that various methods were
devised for feeding it to stock, a purpose for which it is

not specially suited
;
in thus utilizing the grain, however, a

smaller loss was often incurred than in sending it to market.
In 1894 the monthly average price for October, the chief

^ Altered to 190 on 1st January 1901.
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month for wheat-sowing in England, was only l7s. 8d.

per quarter, and farmers naturally shrank from seeding the

land freely with a crop which could not be grown except

at a heavy loss. The result was that in the following year

Table II.

—

Gazette Annual Average Prices per Imperial
Quarter of British Cereals in England and Wales^

1875 to 1900.

Teai Wheat. Barley. Oats.

s. d s. d s. d.

1875 45 2 38 5 28 8

1876 46 2 35 2 26 3

1877 56 9 39 8 25 11

1878 46 5 40 2 24 4

1879 43 10 34 0 21 9

1880 44 4 33 1 23 1

1881 45 4 31 11 21 9

1882 45 1 31 2 21 10

1883 41 7 31 10 21 5

1884 35 8 30 8 20 3

1885 32 10 30 1 20 7

1886 81 0 26 7 19 0

1887 32 6 26 4 16 3

1888 31 10 27 10 16 9

1889 29 9 25 10 17 9

1890 31 11 28 8 18 7

1891 37 0 28 2 20 0

1892 30 3 26 2 19 10

1893 26 4 25 7 18 9

1894 22 10 24 6 17 1

1895 23 1 21 11 14 6

1896 26 2 22 11 14 9

1897 30 2 23 6 16 11

1898 34 0 27 2 18 5
1899 25 8 25 7 17 0
1900 26 11 24 11 17 7

the wheat crop of the United Kingdom was harvested upon
the smallest area on record,—^less than 1|- million acres.

In only one year of the last quarter-century, 1878, did

the annual average price of English barley touch 40s. per

quarter
;

it has never again reached 30s. since 1885, whilst

in 1895 it fell to so low a level as 21s. lid. The same
story of declining prices applies to oats. An average of

20s. per quarter was touched in 1891, but with that excep-

tion this useful feeding grain has not reached that figure

since 1885, In 1895 the average price of 480 Ib of wheat,

at 23s. Id., was identical with that of 312 Bb of oats in

1880, and it was less in the preceding year. The declin-

ing prices that have operated against the growers of wheat
should be studied m conjunction with Table III., which

Table III.

—

Imports into the United Kingdom of Wheat
Grain^ and of Wheat Meal cmd Flowr—Cwt.

Year. Wheat Gram Meal and Flour. Total

1875
1880
1885
1890
1895
1900

51,876,617
66,261,924
61,498,864

60,474,180

81,749,956
68,616,990

6,136,083

10,558,312
16,832,843

15,773,336
18,368,410
21,642,035

68,012,600
66,820,236
77,331,707
76,247,516
100,118,365
90,158,025

shows, at intervals of five years, the imports of wheat grain

and of wheat meal and flour into the United Kingdom,
The import of the manufactured product is increasing at

a much greater ratio than that of the raw grain, for whilst

in 1875 the former represented less than one-ninth of the

total, by 1900 the proportion had risen to nearly one-fourth.

The offal, which is quite as valuable as the flour itself, is thus

retained abroad instead of being utilized for stock-feeding

purposes in the United Kingdom. The highest and lowest

areas of wheat, barley, and oats in the United Kingdom
during the period 1875-1900 were the following :

—

Wheat . . 3,614,088 acres in 1875 1,456,042 acresm 1895

Barley . . 2,931,809 acres in 1879 2,068,760 acres in 1898

Oats . . 4,627,899 acres in 1895 3,998,200 acres in 1879

AGRICULTURE
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These show differences amounting to 2,058,046 acres

for wheat, 863,049 acres for barley, and 529,699 acres for

oats. The acreage of wheat, therefore, has fluctuated the

most, and that of oats the least. Going back to 1869, it is

found that the extent of wheat in that year was 3,981,989

acres, or very little short of four million acres.

The acreage of rye grown in the United Kingdom as a

grain crop is small, the respective maximum and minimum

areas duringthe period 1 875-1 900 having been 1 02, 676 acres

in 1894 and 47,937 acres in 1880. Eye is perhaps more

largely grown as a green crop to be fed off by sheep, or

cut green for soiling, in the spring months.

Of corn crops other than cereals, heans and joeas are both

less cultivated than formerly. In the period 1875-1900

the area of beans in the United Kingdom fluctuated between

574,414 acres in 1875 and 230,429 acres in 1897, and that

of peas between 318,410 acres in 1875 and 163,325 acres

in 1899. The area of peas has thus shrunk nearly one-

half, and that of beans more than one-half. Taking

cereals and pulse corn together, the aggregate areas of

wheat, barley, oats, rye, beans, and peas in the United

Kingdom have varied as follows over the five quinquennial

intervals embraced in the period 1875-1900 :

—

Year. Acres. Year. Acres.

1875 . 11,399,030 1890 . 9,574,249

1880 . 10,672,086 1895 8,865,338

1885 . 10,014,625 1900 8,707,602

Disregarding minor fluctuations, there has thus been a loss

of corn land over the quarter-century of 2,691,639 acres,

or nearly 24 per cent.

The area that has been withdrawn from corn growing is

not to be found under the head of what are termed “ green

crops. In 1900 the total area of these crops in the

United Kingdom was 4,301,774 acres, made up thus :

—

Crop. Acres.

Potatoes 1,227,569
Turnips and swedes .... 1,994,421
Mangel 484,050
Cabbage, kohl-rabi, and rape . . . 242,967
Vetches or tares 181,679
Other green crops 171,088

The extreme aggregate areas of these crops during the

quarter-century were 5,057,029 acres in 1875 and
4,261,441 acres in 1898. At five-year intervals the areas

have been :

—

Year. Acres. Year. Acres,

1875 . 5,057,029 1890 . 4,534,145
1880 . 4,746,293 1895 4,399,949
1885 . 4,765,195 1900 . 4,301,774

These crops, therefore, which, except potatoes, are used
mainly for stock -feeding, have like the corn crops been
grown on gradually diminishing areas.

The land that has been lost to the plough is found to be
still further augmented when an inquiry is instituted into

the area devoted to clover, sainfoin, and grasses under
rotation. In the period 1875-1900 this area has fluctuated
between 6,557,748 acres in 1878 and 5,862,754 acres in
1894, whilst the areas at five-year intervals are given in
Table IV. Under the old Norfolk or four-course rotation
(roots, barley, clover, wheat) land thus seeded with clover
or grass seeds was intended to be ploughed up at the
end of a year. Labour dlffiiculties, low prices of produce,
bad seasons, and similar causes provided inducements for
leaving the land in grass for two years, or over three years
or more, before breaking it up for wheat. In many cases
it would be decided to let such land remain under grass
indefinitely, and thus it would no longer be enumerated in
the Agricultural Eeturns as temporary grass land, but
would pass into the category of permanent grass land, or
what is often spoken of as ‘‘permanent pasture.” Whilst
much grass land has been laid down with the intention

from the outset that it should be permanent, at the same
time some considerable areas have through stress of circum-

stances been allowed to drift from the temporary or rotation

grass area to the permanent list, and have thus still further

diminished the area formerly under the dominion of the
plough. The column relating to permanent grass in

Table IV. shows clearly enough how the British Isles have

Table IV.

—

AreaB of Grass Land (excluding Heath and
Mountain Land) in the United Kingdom—Acres.

Year.
Temporary (t e.

under rotation).

Permanent (^.e.

not broken up
in rotation).

Total.

1875 6,337,953 23,772,602 30,110,555
1880 6,389,232 24,717,092 31,106,324
1885 1 6,738,206 25,616,071 32,354,277
1890

,
6,097,210 27,115,426 33,212,635

1895
1

6,061,139 27,831,117 33,892,256
1900 1 6,024,317 28,261,529 34,285,846

for the last quarter-century been becoming more pastoral,

whilst figures previously quoted demonstrate the extent to

which they have become less arable. In the period 1875-

1900 the extreme areas returned as “permanent pasture”—^a term which, it should be clearly understood, does not

include heath or mountain land, of which there are in

Great Britain alone about thirteen million acres used for

grazing—were 23,772,602 acres in 1875, and 28,261,529

acres in 1900, whilst the totals ai five-year intervals are

stated in Table IV. Comparing 1900 with 1875 the in-

crease in permanent grass land is found to amount to close

upon 4J million acres, or about 19 per cent.

On account of the greater humidity and mildness of its

climate Ireland is more essentially a pastoral country than

Great Britain. The distribution between the two islands

of such important crops of arable land as cereals and

potatoes is indicated in Table V. The figures are those

Table V.

—

Areas of Cereal and Potato Crops in Great

Britain and Ireland in 1900.

Great Britain .

Ireland .

Wheat. Barley.

Acres. Per Cent

1,845,042 97-2

53,797 2-8

Acres.

1,990,265
174,006

Per Cent.

92

8

Total

.

1,898,839 100-0 2,164,271 100

Oats. Potatoes.

Great Britain . 3,026,088 73-3 561,361 46

Ireland . 1,104,848 26-7 654,413 54

Total

.

4,130,936 100*0 1,215,774 100

for 1900, but, though the absolute acreages vary some-

what from year to year, there is not much variation in the

percentages. The comparative insignificance of Ireland in

the case of the wheat and barley crops, represented by 2*8

and 8 per cent, respectively, receives some compensation

when oats and potatoes are considered, fully one-fourth

of the area of the former and more than half that of the

latter being claimed by Ireland. It is noteworthy, how-

ever, that Ireland is year by year placing less reliance

upon the potato crop. In 1888 the area of potatoes in

Ireland was 804,566 acres, but it continuously contracted

each year, until in 1900 it did not exceed 654,413 acres,

or 150,153 acres less than twelve years previously.

A similar comparison for the several sections of Great

Britain, as instituted in Table VI., shows that to England

belongs about 95 per cent, of the wheat area, over 80 per

cent, of the barley area, over 60 per cent, of the oats area,

and 70 per cent, of the potato area, and these proportions

do not vary much from year to year. The figures for
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cereals are important, as they indicate that it is the

farmers of England who are the chief sufferers through

the diminishing prices of corn; and particularly is tMs

true of East Amglia, where corn-growing is more largely

pursued than in any other part of the country, Scotland

Table VI.

—

Areas of Cereal and Fotato Crops in Eng-

lamd, Wales^ aTid Scotland^ and in Great Britain^

in 1900.

Wheat. Barley.

England

.

"Wales .

Scotland

.

Acres.

1,744,556
51,654
48,832

Per Cent

94-6
2-8

2*6

Acres

1,645,022
105,048
240,195

Per Cent.

82*7
5-3

12-0

Great Britain . 1,846,042 100-0 1,990,265 100-0

Oats. Potatoes.

England .

Wales
Scotland

.

1,860,513
216,447
949,128

61-5

7-1

31-4

396,936
33,225
131,200

70*7
5-9

23-4

Great Britain .

I

3,026,088 100*0 561,361 100-0

possesses nearly one-third of the area of oats and nearly

one-fourth of that of potatoes. Beans are almost entirely

confined to England, and this is even more the case with

peas. The mangel crop also is mainly English, the

summer in most parts of Scotland being neither long

enough nor warm enough to bring it to maturity.

The Produce of Crops.

Whilst the returns relating to the acreage of crops and
the number of live stock in Great Britain have been

officially collected in each year since 1866, the annual

official estimates of the produce of the crops in the several

sections of the kingdom do not extend back beyond 1885.

The practice is for the Board of Agriculture to appoint

local estimators, who report in the autumn as to the total

production of the crops in the locahties respectively

assigned to them. By dividing the total production, say

of wheat, in each county by the number of acres of wheat
as returned by the occupiers at 4:th June, the estimated

average yield per acre is obtained. It is important to

notice that the figures relating to total production and
yield per acre are only estimates^ and it is not claimed for

them that they are anything more. The fact that much,
of the wheat to which the figures apply is still in the

stack after the publication of the figures shows that the

latter are essentially estimates. The total produce of any
crop in a given year must depend mainly upon the acreage

grown, wldlst the average yield per acre will be determined
chiefiy by the character of the season. In Table VII. are

Table VII.

—

Estimated Annual Total Produce of Corn
Crops in the United Kingdom^ 1890 to 1900

—

Thousands of Bushels*

Year. Wheat. Barley. Oats. Beans. Peas.

1890 76,994 80,794 171,295 11,860 6313
1891 74,743 79,555 166,472 10,694 5777
1892 60,775 76,939 168,181 7,054 5028
1893 50,913 65,746 168,588 4,868 4756
1894 60,704 78,601 190,863 7,198 6229
1895 38,285 76,028 174,476 5,626 4732
1896 58,247 77,825 162,880 6,491 4979
1897 56,296 72,613 163,556 6,650 5250
1898 74,885 74,731 172,678 7,267 4858
1899 67,261 74,532 166,140 7,566 4431
1900 54,322 68,646 165,137 7,469 4072

shown, in thousands of bushels, the estimated produce of
the com crops of the United Kingdom in each of the years
1890 to 1900. The largest area of wheat in the period

was that of 1890, and the smallest was that of 1895;
the same two years are seen to have been respectively

those of highest and lowest total produce. It is noteworthy
that in 1895 the country produced little more than half as
much wheat as in any one of the years 1890, 1891, and
1898. The produce of barley, hke that of oats, is less

irregular than that of wheat, the extremes for barley being
80,794,000 bushels and 65,746,000 bushels, and those
for oats 190,863,000 bushels and 162,860,000 bushels.

As to beans, the produce of 1890 was about equal to

that of 1892 and 1893 together. Similar details for

potatoes, roots, and hay, brought together in Table VIII.,

Table VIII.— Estimated Annual Total Produce of
Potatoes, Boots, and Ray in the United Kingdom,
1890 to 1900

—

Thousands of Tons,

Year. Potatoes. Turnips. Mangels. Hay.

1890 4622 32,002 6709 14,466
1891 6090 29,742 7558 12,671
1892 5634 31,419 7428 11,567
1893 6541 31,110 5225 9,082
1894 4662 30,678 7310 15,699
1895 7065 29,221 6376 12,238
1896 6263 28,037 5875 11,416
1897 4107 29,785 7379 14,043
1898 6225 26,499 7228 15,916
1899 5837 20,870 7604 12,898
1900 4577 28,887 9650 13,742

show that the production of potatoes varies much from
year to year. The imports of potatoes into the United
Kingdom vary, to some extent, inversely

;
thus, the low

production in 1897 was accompanied by an increase of

imports from 3,921,205 cwt. in 1897 to 6,751,728 cwt.

in 1898. No very great reliance can be placed upon the

figures relating to turnips (which include swedes), as

these are mostly fed to sheep on the ground, so that the

estimates as to yield are necessarily vague. Mangels are

probably more closely estimated, as these valuable roots

are carted and stored for subsequent use for feeding stock.

Under hay are included the produce of clover, sainfoin,

and rotation grasses, and also that of permanent meadow.
The extent to which the annual production of the leading

fodder crop may vary is shown in the table by the two
consecutive years 1893 and 1894; from only nine million

tons in the former year the production rose to upwards
of fifteen milhon tons in the latter, an increase of fully

70 per cent.

Turning to the average yields per acre, as ascertained by

dividing the number of acres into the total produce, the

results of a decade are collected in Table IX. The effects

of a prolonged spring and summer drought, like that of

1893, are exemplified in the circumstance that four corn

crops and the two hay crops all register their minimum
average yields that year. On the other hand, the season

of 1898 was exceptionally favourable to cereals and to hay.

The effects of a prolonged autumn drought, as distin-

guished from spring and summer drought, are shown m the

very low yield of turmps in 1899. Mangels are sown
earlier and have a longer period of growth than turnips

;

if they become well established in the summer they are

less susceptible to autumn drought. The hay made from
clover, sainfoin, and grasses under rotation generally gives

a bigger average yield than that from permanent grass land.

The mean values at the foot of the table—^they are not,

strictly speaking, exact averages—^indicate the average

yields per acre in the United Kingdom to be about 30

bushels of wheat, 34 bushels of barley, 40 bushels of oats,

27 bushels of beans, 26 bushels of peas, 4^ tons of

potatoes, 13 tons of turnips and swedes, 17 tons of

mangels, 31 cwt. of hay from temporary grass, and 28

cwt. of hay from permanent grass. Although enormous
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single crops of mangels are sometimes grown, amounting

occasionally to 100 tons per acre, the general average yield

of 17 tons is about 4 tons more than that of turnips

and swedes. Again, although from the richest old

pprnnfl.Tip.-nt meadow lands very heavy crops of hay are

taken season after season, the general average yield of

permanent grass is about 3 cwt. of hay per acre less than

that from clover, sainfoin, and grasses under rotation.

The general average yields of the corn crops are not fairly

comparable one with the other because they are givep by

[united

measure and not by weight, whereas the weight per bushel
varies considerably. For purposes of comparison it would
be much better if the yields of corn crops were esti-

mated in cwt. per acre. This, indeed, is the practice in
Ireland, and in order to incorporate the Irish figures
with those for Great Britain so as to obtain average values
for the United Kingdom, the Irish yields are calculated
into bushels at the rate of 60 lb to the bushel of wheat
of beans, and of peas, 50 H) to the bushel of barley and
39 S) to the bushel of oats.

’
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Table IX,

—

Estimated Annual Average Yield per Acre of Crops in the United Kingdom^ 1890-1900.

Year. Wheat Barley. Oats. Beans. Peas. Potatoes. Turnips. Mangels.
Hay.

Rotation. Permanent

Bush Bush. Bush. Bush. Bush. Tons. Tons. Tons. Cwt. Cwt.

1890 30*66 35*23 41*54 32-77 28-71 3-53 14-27 17-76 83-19 30-81
1891 31*30 34-72 40-46 29*82 28*23 4-74 13*40 18*60 31*39 28-13
1892 26*48 84-78 39*82 22*38 25*85 4-45 14-04 17-99 29*10 23-30
1893 26*08 29*30 38-14 19*61 22*61 5-23 13-66 13*26 23*55 20-41
1894 30-70 34*77 42-34 29*17 25-64 3-82 13-53 18-02 35-77 33-65
1895 26-33 32*09

1

38-67 22*98
!
22-62 5-64 13-11 16-44 29*08 25-21

1896 33-63 84*16
1

37-97 25*69
1

26-84 4*93 12-79 14-99 27*95 24-14
1897 29 07 32*91 88-84 28*91

1

27-55 3*47 13*90 18-03 32*53 30-71
1898 34 75 36*24 42-27 31*13 27-60 5*23 12-74 17-71 36*49 34*27
1899 32 76 34*64 40-57 30*19 27-22 4-82 9*97

i

17-41 31*04 29*11

Mean, \
10 yrs. j

30*18 33*88 40-06 27-26 26*14 4-59’
1

13-14 17-02 31*01 27-97

The figure denoting the general average yield per acre

of any class of crop needs readjusting after every suc-

cessive harvest. If a decennial period be taken, then—^for

the purpose of the new calculation—the earliest year is

omitted and the latest year added, the number of years
continuing at ten. Adopting this course in the case of the
cereal crops of Great Britain the decennial averages
recorded in Table X. are obtained, the period 1885-94

Table X.

—

Decennial Average Yields in Great Britain

of Wheat, Barley, and Oats—Bushels per acre.

10-Tear Periods, Wheat Barley. Oats.

1885-1894 29*32 33-02 38*21
1886-1895 28*81 32-68 38*23
1887-1896 29*49 82-82 38*13
1888-1897 29*19 i 32 97

1

38*51
1889-1898 29*86 33-26 38*86
1890-1899 30*15 33-60

1

1

38-81

being the earliest decade for which the official figures are
available. It thus appears that the average jdeld of wheat
in Great Britain, as calculated upon the crops harvested
during the ten years of the 'nineties (1890-99), exceeded
30 bushels to the acre, whereas shortly before, as for the
ten years ended 1895, it fell below 29 bushels. A large
expansion in the acreage of the wheat crop would probably
be attended by a decline in the average yield per acre, for
when a crop is shrinking in area the tendency is to with-
draw from it first the land least suited to its growth. The
general average for the United Kingdom might then recede
to rather less than 28 bushels of 60 per bushel, which
was for a long time the accepted average—^unless, of course,
improved methods of cultivating and manuring the soil
were to increase its general wheat-yielding capacity.^

Live Stock.

The numbers of live stock in the United Kingdom are
shown at five-yearly intervals in Table XI. Under horses

^ The higher yield of wheat in recent years appears to he largely
attributable to better grain-growing seasons- The yields in the
experimental wheat-field at il^thanusted—^where there is no change
eilher of land or of treatment—^indicate this. The following figures
show the average yields per acre of the selected plots at Rothamsted

are embraced only unbroken horses and horses used solely

for agriculture (including mares kept for breeding). The

Table XI.

—

JYumbers of Horses, Cattle, Sheep, and Figs

in the United Kingdom.

Year. Horses Cattle Sheep Pigs

1876 1.819,687 10,162,787 33,491,948 3,495,167
1880 1,929,680 9,871,153 30,239,620 2,863,488
1885 1,909,200 10,868,760 30,086,200 3,686,628
1890 1,964,911 10,789,858 31,667,196 4,362,040 '

1895 2,112,207 10,753,314 29,774,863 4,238,870
1

1900 2,000,402 11,454,902 31 054,647 3,663,669

highest and lowest annual totals for the United Kingdom
in the period 1875-1900 were the following :

—

Highest. Lowest. Difference

Horses
Cattle

Sheep
Pigs

2,112,207 in 1895
11,619,417 in 1892
33,642,808 in 1892
4,362,040 in 1890

1,819,687 in 1875
9,731,637 in 1877

27,448,220 in 1882
2,863,488 in 1880

292,520

1,787,880

6,194,588

1,498,552

The highest total in each case is in the 'nineties. After

the maximum year of 1892 cattle and sheep declined

continuously for three years to the totals of 1895, the

diminution being mainly the result of the memorable
fought of 1893. Sheep, which numbered 32,571,018
in 1878, declined continuously to 27,448,220 in 1882

—

a loss of over five million head in five years. This was
chiefly attributable to the ravages of the liver fluke which

over SIX 8-yearly periods from 1852 to 1899, and afford evidence that
the higher yield of the last sixteen years is dne to the seasons ;

—

Average of— Bushels (of 60 lb)

per acre.
8 years 1862-69 ... 28^
8 „ 1860-67
8 „ 1868-75 !

*
.*

27I
8 „ 1876-83

8 ,, 1884-91 ! ! ! 291
8 „ 1892-99 . 80

32 „ 1862-83 . 27|
16 „ 1884-99 . 80

48 „ 1862-99 . 28i

The average of the first thirty-two years is thus 27f bushels per acre,

of the last sixteen years 30 bushels, and of the -wholfe forty-eight

years 28i bushels.
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began in the disastrously wet season of 1879, Pigs,

being prolific breeders, fluctuate more widely in numbers

than cattle or sheep, for the difference of 1,498,552 in

their case represents fully one-third of the highest total,

whereas the difference is less than one-seventh for horses,

less than one-sixth for cattle, and less than one-flfth for

sheep. The relative proportions—^as distinguished from

the actual numbers—^in which stock are distributed over

the several sections of the United Kingdom do not vary

greatly from year to year. Table XII., in which the

totals for the United Kingdom include those for the

Channel Islands and Isle of Man, illustrates the prepon-

derance of the sheep-breeding industry in the drier climate

of Great Britain and of the cattle-breeding industry in

the more humid atmosphere of Ireland. In Great Britain,

for every head of cattle there are about four head of

sheep, whereas in Ireland the cattle slightly outnumber

the sheep. Again, whilst Great Britain possesses only

Table XII.

—

Numbers of Horses^ Cattle^ Sheep) and Pigs
in the United Kingdom in 1900.

1900. Horses. Cattle. Sheep. Pigs.

England

,

Wales
Scotland.

1,152,321
153,284:

194,538

4,848,698
758,386

1,198,086

15,844,713
3,432,516
7,814,997

2,021,422
228,097
132,413

Great \
Britain J

1,500,143 6,805,170 26,592,226 2,381,932

Ireland . 491,143 4,608,443 4,386,697 1,268,474

2,000,402 11,454,902 81,054,547 3,663,669

half as many cattle more than Ireland, she possesses six

times as many sheep. The cattle population of England
alone slightly exceeds that of Ireland, but cattle are more
at home on the broad plains of England than amongst
the hills and mountains of Wales and Scotland, which
afford suitable habitat for sheep. Hence it happens that,

whilst in England sheep are not four times as numerous
as cattle, in Wales they are nearly five times as numerous,

and in Scotland more than six times as many. Great
Britain has twice as many pigs as Ireland, but the swine

industry is mainly English and Irish, and England is

seen to possess nearly six times as many pigs as Wales
and Scotland together, the number in the last-named

country being particularly small. One English county
alone, Suffolk, maintains more pigs than the whole of

Scotland.

Imports of Live Animals and Meat,

The stock-breeders and graziers of the United Kingdom
have, equally with the corn growers, to face the brunt of

foreign competition, the aggregate importation, free of

Table Xm.

—

Numbers ofCattle^ Sheep, and Pigs imported

into the United Kingdom, 1891-1900.

Year. Cattle. Sheep. Pigs.

1891 507,407 344,504 542
1892 502,237 79,048 3826
1893 340,045 62,682 138
1894 475,440 484,597 8
1895 415,565 1,065,470 321
1896 562,553 769,592 4
1897 618,321 611,504
1898 569,066 663,747 450
1899 503,504 607,755
1900 495,645 382,833

duty, of mpt in the carcase and on the hoof continuing
steadily to increase. Up to 1896 store cattle were admitted

^ Including Channel Islands and Isle of Man.

into the United Kingdom for the purpose of being fattened,

but under the Diseases of Animals Act of that year animals
imported since then have to be slaughtered at the place of

landing. The dimensions of this trade are shown in Table
XIIL
The animals come mainly from the United States of

America, Canada, and Argentina, and the traffic in cattle

is more uniform than that in sheep, whilst that in pigs

seems to have reached extinction. The quantities of dead
meat imported have increased with great rapidity, a cir-

cumstance largely due to the rise of the trade in chilled

and frozen meat. Fresh beef in this form is imported
chiefiy from the United States and Australasia, fresh

mutton from Australasia and Argentina.

Table XIV, shows how rapidly this trade expanded during
the decade of the ’nineties. The column headed bacon
and hams indicates clearly enough that the imports of

fresh meat did not displace those of preserved pig meat,

for the latter expanded from 4,715,000 cwt. to 7,784,000
cwt. during the decade. The column for all dead meat
includes not only the items tabulated, but also the follow-

Table XIV.

—

Quantities ofDead Meat imported into the

United Kingdom, 1891-1900

—

Thousands of Cwt,

Year.
Fresh
Beef.

Fresh

'

Mutton.
Fresh
Pork.

Bacon
and Hams.

All
Dead Meat.

1891 1921 MSS 4715 9,790
1892 2080 Eih 132 5135
1893 1808 1971 182 4187 9, 30d
1894 2104 180 4819 10,610
1895 2191 2611 288 5353 11,977
1896 2660 2895 299 13,347
1897 3010 3193 348 6731 14,729
1898 :

3101 3314 558 7684 16,445
1899 3803 3446 669 7784 17,658
1900 4128 3393 695 7444 17,912

ing, the quantities stated being those for 1900 ;—Beef,

salted, 194,668 cwt,
j

beef, otherwise preserved, 516,529
cwt,

;
preserved mutton, 64,452 cwt. ; salted pork, 248,710

cwt.; dead rabbits, 473,167 cwt.; meat, unenumerated,

754,114 cwt. The quantities of these are relatively small,

and, excepting rabbits from Australia, they show no
general tendency to increase. The extent to which these

growing imports have been associated with a decline in

value is shown in Table XV,

Table XV.

—

Average Values of Fresh Meat, Paeon, and
Hams imported into the United Kingdom, 1891-1900
—Per Cwt,

Year.
Fresh
Beef.

Fresh
Mutton.

Fresh
Pork."

Bacon. Hams.

s, d. s. d. s. d. s, d. s. (1,

1891 42 1 39 6 47 6 37 11 46 4

1892 42 5 40 6 46 11 40 10 47 4

1893 42 4 39 3 50 0 53 0 58 5

1894 40 0 37 10 48 5 43 10 49 1

1895 39 0 35 2 46 1 39 0 44 11

1896 37 10 32 7 45 11 34 6 43 0

1897 38 5 30 3 44 0 35 5 42 8

1898 38 2 29 7 41 10 36 2 39 6

1899 38 8 31 7 41 11 35 10 41 5

1900 39 7 34 5 43 0 41 9
1

46 10

•The trend of the import trade in meat, live and dead,

may be gathered from Table XVI,, in which are given the

annual average imports for the seven quinquennial periods

embraced between 1866 and 1900. An increase in live

cattle has accompanied a decrease in live sheep and pigs,

but the imports of dead meat have expanded nearly four-

teen-fold over the period.

The rate at which the trade in imported frozen mutton

is increasing as compared with the industry in home-
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grown mutton is illustrated in the figures published

annually by Messrs W. Weddel Company, from which

those for 1885 and for each year from 1890 to 1900 are

Table XYI.—Average Annual Imports of Cattle^ Sheep^

and JPigSj and of Dead Meat, into the United King-

dom over seven ^-yearly Periods,

Period. Cattle. Sheep Pigs. Dead Meat

No. No. No. Cwt.

1866-70 194,947 610,300 64,827 1,155,867

1871-75 215,990 864,516 74,040 3,134,176

1876-80 272,745 938,704 44,613 5,841,913

1881-85 387,282 974,316 24,355 6,012,495

1886-90 438,098 800,599 19,437 7,681,729

1891-95 448,139 407,260 967 10,436,549

1896-1900 549,818
1

’ 607,086
1

15,785,354

given in Table XVII. The home-grown is the estimated

dead weight of sheep and lambs slaughtered, which is

taken at 40 per cent, of the total number of sheep and
lambs returned each year in the United Kingdom. In the

imported column is given the weight of fresh (frozen) mutton
and lamb imported, plus the estimated dead weight of the

Table XVII.—Rorm Prod/act and Imports of Sheep and
Mutton into the United Kingdom—Thousands of Tons,

Tear.
Home-
giown Imported. Tear.

Home-
grown Imported.

1885 322 47 1895 319 167
1890 339 92 1896 329 164
1891

1

359 92 1897 327 175
1892 360 87 1898 333 182
1893 ‘ 340 100 1899 839 187
1894 322 128 1900 332 179

_

sheep imported on the hoof for slaughter. The home pro-

duction of mutton would appear to have reached its limit,

for the quantity entered under this head for 1899 is seen

to be no more than that for 1890. On the other hand, the
quantity imported in 1899 is double that in 1890, and quad-
ruple that in 1885. Moreover, in 1885 the imported pro-

duct was only about one-seventh as much as the home-grown.

Table XVIII,—Average Prices of Dead Meat per Stone of
8 1) the London Central Market in 1898 amd in 1899.

Description. 1898.
JL

1899,

Beef. s. d. s. d. s. d. s. d.

Scotch, short sides.... 8 11 to 4 3 4 3to4 6

„ long sides .... 3 8 » 3 10 3 11 „ 4 1
English ...... 3 6 8 3 9 „ 3 11
Cows and Bulls .... 2 0 „ 2 8 2 0 2 10
American, Birkenhead-killed . 3 1 ,7 3 5 3 5 „ 3 8

„ Deptford-kiUed 3 2 »> 3 5 3 6 » 3 9
Argentine, Deptford-kiUed 2 7 „ 2 11 a 0 jj 3 4
American,refngerd., hmd-quarters . 3 6 »3 9 3 7 ti 3 10

„ ,, fore-quarters . 2 2 » 2 5 2 4 2 6
Australian, frozen, hind-quarters . 1 11 2 1 2 1 » 2 4

,, ,, fore-quarters 1 6 » 1 8 1 8 M 1 9
New Zealand, „ hind-quarters . 2 2 » 2 4 2 3 2 6

,, „ fore-quarters 1 8 1 10 1 9 „ 1 n
Mutton.

Scotch, prime 4 1 ,, 4 8 4 5 4 11
English, prime .... 3 10 „ 4 5 4 2 7, 4 8
Ewes 2 9 » 3 3 3 1 3 6
Continental a 7 » 3 11 3 9 „ 4 2
Eiver Plate, town-kUled

.

3 0 » 3 3 3 8 „ 3 6
New Zealand, frozen 1 9 » 2 6 1 11 „ 2 8
Australian „ ... 1 8 » 1 10 1 10 » 2 0
Biver Plate „ ... 1 8 9 1 11 »2 0

Lamb,
English 4 10 9 5 0 „ 6 2
New Zealand, frozen 3 1 ,,3 5 2 11 »3 3

whereas in 1890 it was more than one-fourth, and in 1897
and each year since more than one-half. This large import
trade in fresh meat, which sprangup entirely within the last

qwter of the 19th century, has placed an abundance of

[united

cheap and wholesome food well within the reach of the
great industrial populations of the United Kingdom. At
the same time it cannot be gainsaid that it has opened
the way to fraud, when butchers have palmed off upon
their customers imported fresh meat as home-grown, and
secured a dishonest profit by charging for it the prices of
the latter, which are considerably in excess of those of the
imported product.

^

How wide is the margin for obtaining
a fraudulent profit in this way is shown by the prices of
home-grown and imported meat in Table XVHI. taken
from the Agricultural Eeturns.

Many suggestions have been made to render it an
offence at law for a seller to offer imported fresh meat as
home-grown, but up to 1901 no legislative effect had been
given to these proposals.

Sale op Cattle by Live Weight.

In connexion with the internal live stock trade of Great
Britain attention must be diiected to the Markets and
Fairs (Weighing of Cattle) Act, 1891. The object of this

measure is to replace the old-fashioned system of guessiag
at the weight of an animal by the sounder method of

obtaining the exact weight by means of the weighbridge.
The grazier buys and sells cattle much less frequently than
the butcher buys them, so that the latter is naturally more
skilled in estimating the weight of a beast through the

use of the eye and the hand. The resort to the weighbridge
should put both on an equality, but the method does not
seem to have found much favour. Under the Act there

are 15 scheduled places in England and 6 in Scotland, or

21 altogether (19 previous to 1898), from which returns

are regularly obtained. The numbers of cattle weighed
at these places in the seven years, 1893 to 1899, were
respectively 92,492, 96,344, 100,033, 109,184, 111,767,

138,652, and 139,482, so that there was an increase of

about 50 per cent, during the period. The numbers for

Scotland are greater throughout than those for England,

The scheduled places at which weighing appears to be most
resorted to are Edinburgh, Aberdeen, and Glasgow in

Scotland, and London, Shrewsbury, Carlisle, and Liverpool

in England. But, as will be apparent from Table XIX.,

Table XIX.

—

Ros, of Cattle Weighed in Great Britain

rnider the Markets and Fairs Weighing of Cattle

Act, 1893-1900.

Year. Entering
Markets.

Weighed. Weighed.

1893
1894
1895
1896
1897
1898
1899
1900

No.

1,219,208
1,203,633
1,186,149
1,000,014
1,115,183
1,263,991
1,236,091
1,187,603

No.

92,492
96,344

100,033
109,184
111,767
188,652
189,482
141,611

Per Cent.

7-

59

8-

01
8*43

9*93

10 ’02

10*97

11*28

11*92

the number of cattle weighed bears but an insignificant

proportion to the total wMch pass through the scheduled

markets. The figures given in Table XX, for the two

years, 1898 and 1899, show how little use is made of

the weighbridge in the sale of sheep and swine. Now
that weighbridges are moderate in price and excellent in

quality they are placed in most markets, so that there

is little excuse for retaining the old empirical method of

sale. As the primg^y object of the Act is to obtain

records of prices, it follows that only in so far as statements

of the prices realized, together with the description of the

animals involved, are obtained is the full advantage of the

statute secured. In 1899 average prices for cattle of first

or prime quality ranged from 32s. 2d. per cwt. in Leeds

to 38s. per cwt. in London. For second quality beasts

AGRICULTURE
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the range was from 28s. lOd. per cwt. in Leeds to 34s. 6d.

in Edinburgh, In the case of third quality cattle the

lowest average was 24s. 6d. per cwt. in Liverpool, and the

highest was 31s. 8d. in Glasgow. These examples illus-

Table XX.

—

Ifos, of Animals Weighed in 1898-99 vmder

the Markets a7^ Fairs
(
Weighing of Cattle) Act

' 1898. 1899.

No. No-

Entering markets 1,263,991 1,236,091

Weighed 138,652 139,482

Prices returned with quality dis- 102,299 103,613

tinguished

Sheep :

—

Entering markets 4,691,619 4,681,602

Weighed 49,953 48,643

Prices returned with quality dis- 40,460 42,154

tinguished

Swine :

—

Entering markets 363,370 455,056

Weighed 1,614 2,205

Prices returned with quality dis- 1,437 2,070

tinguished

trate the kind of information which the Act is competent

to elicit. The number of fat cattle which were reported as

having been actually sold by live weight at an agreed-on

price per cwt. or per stone—a most commendable innova-

tion—was greater than ever before in 1899, and amounted

to 16,844 head. The weighing of store cattle for sale
,

is,

hke that of fat cattle, slowly extending.

Eaely Maturity.

In the fattening of animals for the butcher the principle

of early maturity has received full recognition. If the

sole purpose for which an animal is reared is to prepare it

for the Mock—^and this is the case with steers amongst

cattle and vdth wethers amongst sheep—^the sooner it is

ready for slaughter the less should be the outlay involved.

During the whole time the animal is living the feeder has to

pay what has been termed the “ life tax ”—^that is, so much
of the food has to go to the maintenance of the animal as a

living organism, independently of that which may be under-

going conversion into what will subsequently be available in

the form of beef or mutton. If a bullock can be rendered

fit for the butcher at the age of two or three years, will the

animal repay another year’s feeding ? It has been proved

at the Christmas fat stock shows that the older a bullock

gets the less will he gain in weight per day as a result of the

feeding. With regard to this point the work of the Smith-

field Club deserves recognition. This body was
instituted in 1798 as the Smithfield Cattle and
Sheep Society, the title being changed to that

of the Smithfield Club in 1802. The original object

—

the supply of the cattle markets of Smithfield and other

places with the cheapest and best meat—^is still kept
strictly in view. The judges, in making their awards at

the show held annually in December, at (since 1862)
Islington, North London, are instructed to decide accord-

ing to quality of fiesh, lightness of offal, age, and early

maturity, with no restrictions as to feeding, and thus to

promote the primary aim of the club in encouraging the
selection and breeding of the best and most useful animals
for the production of meat, and testing their capabilities

in respect of early maturity. At the first show held (at

Smithfield) in 1799, two classes were provided for cattle

and two for sheep, the prizes offered amounting to £52 : 10s,
In 1839 the classes comprised seven for cattle, six for
sheep, and one for pigs, with prizes to the amount of ^£300.
By 1862 the classes had risen to 29 for cattle, 17 for
sheep, and 4 for pigs, and the prize money to ^£2072. At

187

the centenary show in 1898 provision was made for 40
classes for cattle, 29 for sheep, 18 for pigs, and 7 for

animals to be slaughtered, whilst to mark the importance

of the occasion the prizes offered amounted to close upon
£5000 in value. In 1900 there were 36 classes for cattle,

32 for sheep, 18 for pigs, and 7 for cattle and sheep to be

slaughtered, and the value of the prizes was .£3894. The
sections provided for cattle are properly restricted to what
may be termed the beef breeds ; in the catalogue order

they are Devon, Hereford, Shorthorn, Sussex, Red Polled,

Aberdeen-Angus, Galloway, Welsh, Highland, cross-bred,

and a section for Kerry, Dexter, and Shetland. It will be

noticed that such characteristically milking breeds as the

Ayrshire, Jersey, and Guernsey have no place here. Pro-

vision is made, however, for all the well-known breeds of

sheep and swine. In the cattle classes, aged beasts of

huge size and of considerably over a ton in weight used to

be common, but in recent years the tendency has been to

reduce the upper limit of age, and thus to bring out

animals ripe for the butcher in a shorter time than was
formerly the case. The latest important step in this

direction was taken in 1896, when the senior class for steers,

viz., animals three to four years old, was abolished, the

maximum age at which steers were allowed to compete for

prizes being reduced to three years. The cow classes were

abolished in 1897, and in the schedule of the 1900
exhibition the classes for each breed of cattle were (1) for

steers not exceeding two years old, (2) for steers above two
years and not exceeding three years old, and (3) for heifers

not exceeding three years old. The single exception is

provided by the slowly-maturing Highland breed of cattle,

for which classes were allotted to (1) steers not exceeding

three years old, (2) steers or oxen above three years old

(with no maximum Hmit), and (3) heifers not exceeding

four years old. As illustrating heavy weights, there were

in the 1893 show, out of 310 entries of cattle, four beasts

which weighed over a ton. They were all steers of three to

four years old, one being a Hereford weighing 20 cwt.

2 qr. 4 lb, and the others Shorthorns weighing respectively,

20 cwt. 2 qr., 20 cwt. 3 qr. 21 To, and 22 cwt. 2 qr. 18 tt).

In the 1895 show, out of 356 entries of cattle, there were

seven beasts of more than a ton in weight. They were all

three to four years old, and comprised four Shorthorns

(top weight 21 cwt. 1 qr. 18 S>), one Sussex (22 cwt. 3 qr,

7 lb), and two cross-breds (top weight 20 cwt. 3 qr. 24 Ib),

In the 1899 show, with 311 entries of cattle, and the age

hmited to three years, no beast reached the weight of a
ton, the heaviest animal being a cross-bred (Aberdeen-

Angus and Shorthorn) which, at three years old, turned

the scale at 19 cwt. 1 qr. 5 To, Out of 259 entries of

cattle at the show of 1900 the top weight was 19 cwt.

2 qr. 3 S) in the case of a Red Polled steer, aged two years

eleven months, the next being 18 cwt, 2 qr. 6 Ib for a

Hereford steer two years eight and a half months old.

Useful figures for purposes of comparison are obtained by
dividing the weight of a fat beast by the number of days

in its age, the weight at birth being thrown in. The
average daily gain in live weight is thus arrived at, and as

the animal increases in age this average gradually dimin-

ishes, until the daily gain reaches a stage at which it does

not afford any profitable return upon the food consumed.

At the centenary show of the Smithfield Club in 1898 the

highest average daily gains in weight amongst prize-win-

ning cattle were provided by a Shorthorn-Aberdeen cross-

bred steer (age, one year seven months; daily gain 2*47 To)-,

a Shorthorn steer (age, one year seven months
;
daily gain,

2*44 S>) ; and an At^rdeen-Shorthom cross-bred steer (age,

one year ten months ;
daily gain, 2*33 To). These be^ists,

it will be observed, were all under two years old. Amongst

prize steers of two and a hah to three years old, on the

AGRICULTURE
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same occasion, the three highest daily average gains in

live weight were 2*07 H) for an Aberdeen-Angus, 1*99 &
for a Shorthorn-Aberdeen cross-bred, and 1*97 for a Sussex.

In the sheep section of the Smithfield show the classes for

ewes were finally abolished in 1898, and the classes

restricted to wethers and wether lambs, whose function is

exclusively the production of meat. At the 1900 show

sheep of each breed, and also cross-breds, competed as (1)

wether lambs under twelve months old, and (2) wether

sheep above twelve and under 24 months old. The only

exception was in the case of the slowly-maturing Cheviot

and mountain breeds, for which the second class was for

wether sheep of any age above twelve months. Of prize

sheep at the centenary show the largest average daily gain

was 0*77 per head given by Oxford-Hampshire cross-

bred wether lambs, aged nine months two weeks. In the

case of wether sheep, twelve to twenty-four months old,

the highest daily increase was 0*56 S) per head as yielded

by Lincolns, aged twenty-one months. Within the last

quarter of the 19th century the stock-feeding practices of

the country were much modified in accordance with these

ideas of early maturity. The three-year old wethers and

older oxen that used to be common in the fat stock mar-

kets are now rarely seen, excepting perhaps in the case of

mountain breeds of sheep and Highland cattle. It was in

1875 that the Smithfield Club first provided competitive
'

classes for lambs, and in 1883 the champion plate offered

for the best pen of sheep of any age in the show was for

the first time won by lambs, a pen of Hampshire Downs.

The young classes for bullocks were established in 1880.

The time-honoured notion that an animal must have com-

pleted its growth before it could be profitably fattened is

no longer held, and the improved breeds which now exist

rival one another as regards the early period at which they

may be made ready for the butcher, by appropriate feed-

ing and management.
In 1895 the Smithfield Club instituted a caicase com-

petition in association with its annual show of fat stock,

and it has been continued each year since. The cattle

and sheep entered for this competition are shown alive on
the first day, at the close of which they are slaughtered

and the carcases hung up for exhibition, with details of

live and dead weights. The competition thus constitutes

what is termed a “block test,” and it is instructive in

affording the opportunity of seeing the quality of the

carcases furnished by the several animals, and in particular

the relative proportion and distribution of fat and lean

meat. The live animals are judged and subsequently the

carcases, and, though the results sometimes agree, more
often they do not. Tables are constructed showing the

fasted live weight, the carcase weight, and the weight of

the various parts that are separated from and not in-

cluded with the carcase. An abundance of lean meat
and a moderate amount of fat well distributed constitutes

a better carcase, and a more economical one for the con-

sumer, than a carcase in which gross accumulations of

fat are prominent. To add to the educational value of

the display, information as to the methods of feeding
would be desirable, as it would then be possible to

correlate the quality of the meat with the mode of its

manufacture. A pomt of high practical interest is the ratio

of carcase weight to fasted live weight, and in the case of

prize-winning carcases these ratios usually fluctuate within
very narrow limits. At the 1899 show, for example, the
highest proportion of carcase weight to live weight was
68 per cent, in the case of an Aberdeen-Angus steer and
of a Cheviot wether, whilst the lowest was 61 per cent.,

afforded alike by a Shorthorn - Sussex cross-bred heifer

and a Mountain lamb. A familiar practical method of

estimatiag carcase weight from live weight is to reckon one

[UXITED

Smithfield stone (8 S)) of carcase for each imperial stone

(14 Bb) of live weight. This gives carcase weight as equal
to 57 per cent, of live weight, a ratio much inferior to the
best results obtained at the carcase competition promoted
by the Smithfield Club. Table XXI., given as an example,

Tajble XXI.—Block Tes% Smithfield Clvh Skow^ 1900.

Prize. Description and Breed.
Fasted
Live

Weight.

Carcase
Weight.

Ratio of
Caicase
to Live
Weight

Cattle.

Steers, not over two years

old

lb ft Per cent.

1 Aherdeen-Hereford 1192 787 66
2 Shorthorn-GaUoway 1297 843 65
3 Aberdeen-Shorthorn

Steers, two to three years

old :

—

Aberdeen-Angus

1315 847 64

1 1332 878 66
2 Aberdeen-Shorthorn 1381 927 67

3 Shorthorn-Galloway

He%fers, not over three

years old :

—

1418 897 63

1 Aherdeen-Angus 1304 817 63

3 Aberdeen-Snssex

Sheep.

Lmgwool Lwmls, not over

12 months old :

—

1290 801

i

62

1 Devon cross 141
1

85 60

2 Suffolk cross 118 71 60

3 Cheviot

Longwool Wethers, 12 to
24 months old :

—

123
!

77
1

63

1 Mountain 165 105 64

2 Suffolk-Cheviot 158 99 63

3 Cheviot

Shortwool Lambs, not over
12 months old :

—

147 91 62

1 Southdown-Suffolk 120 81 67i
2 Hampshire Down 138 87 63

3 Hampshire Down

Shortwool Wethers, 12 to

24 months old :

—

150 95 63

1 Korfolk-Homed 160 106 66

2 Hampshire Down 172 103 60

3 Southdown 109 68 62

relates to prize carcases in the competition at the 1900

show.

The Breeds of Live Stock.

In the last quarter of the 19th century the many native

breeds of farm live stock became more clearly defined than

ever before, and various breeds which at the beginning of

that period had received no separate classification in show-

yard schedules were fuUy recognised before its close. As

a matter of record, it is deemed desirable to notice the

breeds as they stand at the beginning of the 20th century.

For fuller details than it is here possible to give, the

reader should consult the respective stud books, herd books,

and flock books pertaining to the several breeds.

Horses,

The breeds of light horses include the Thoroughbred,

the Yorkshire Coach -horse, the Cleveland Bay, the

Hackney, and the pony
;
of heavy horses, the Shire, the

Clydesdale, and the Suffolk. The Thoroughhred is the

oldest of the breeds, and it is known as the “blood-horse”

on account of the length of time through which its purity

of descent can be traced. It has sprang from the old

native horses of England. In past times Arab and

Turkish sires were imported for the improvement of the

breed, though the use of Eastern blood has, with a few

AGRICULTURE
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exceptions, long since been abandoned Tbe frame of tbe

thoroughbred is light, slender, and graceful
,

its limbs are

clean cut and sine'wy, its skin is fine, its hair is glossy,

and its eyes are bright and intelligent Being so

highly bred it is apt to be nervous and excitable, and is

sometimes unruly, but its speed, resolution, and endurance,

as tested on the racecourse, are beyond praise The de

mand for hunting horses has, during recent years, been

productive of useful efforts to improve their quality by

crossing thoroughbred stalhons with half bred mares, and

work of this nature has been readily undertcbi^ n on many
horse breeding farms, stimulated by the premiums offered

by the Royal Commission on Horse breeding A good

type of hunter horse should be thick and strong on the

back and loin, with long, powerful quarters and muscular

thighs, and hocks neatly shaped and clean The head

should be long, lean, and blood hke, and the eye full A
mahogany brown colour is in high favour, then black, bay,

or dark chestnut Greys, loans, and hght chestnuts are

less popular

The Yorkshire Coach horse is extensively bred in the

North and East Ridings of York, and the thoroughbred has

taken a share in its development The colour is usually bay

or brown, the legs being black The mane and tail are

abundant, but not curly A fine head, sloping shoulders,

strong loins, lengthy quarters, high-stepping action, fiat

legs, and sound feet are characteristic The height vanes

from 16 hands to 16 hands 2 inches The Cleveland Bay
IS a near relation of the Yorkshire coach horse, and

IS bred in various parts of Yorkshire, Durham, and
Northumberland He is adapted alike for the plough,

for heavy draught, and for slow saddle work Some
specimens make imposing looking carriage horses The
colour IS hght or dark bay, with clean black legs, and
black mane and tail Though rather coarse headed,

the Cleveland Bay has a well set shoulder and neck, a

deep chest, and round barrel The height is from 16 to

17 hands

The EackTiey has come prominently to the front in recent

years The term Eag^ applied to the active riding or trot

ting horse, is derived from theAnglo Saxon knegan^ to neigh

The Normans brought with them their own word haquenee^

or houcgu&nJee^ the French derivative from the Latin eguus^

a horse, whence the name hackney Both nag and
hackney continue to be used as synonymous terms

Frequent mention is made of hackneys and trotters m
old farm accounts of the 14th century The first note

worthy trotting hackney stalhon, of the modern type, was
a horse foaled about 1755, and variously known as the

Schales horse. Shields, or Shales, and most of the recog-

mzed hackneys of to day trace back to him The breed

ing of hackneys is extensively pursued in the counties of

Norfolk, Cambridge, Huntingdon, Lincoln, and York, and
in the showyard competitions a keen but friendly rivalry

IS usually to be noticed between the hackney breeding

farmers of Norfolk and Yorkshire Hackneys include

both nding horses and driving horses The aim of the

breeder is to produce an ammal which is saleable at an
early age, which can be bred and reared at moderate
expense, and which can be broken in without much risk

Excellent results have followed the use of hackney sires

upon half-bred mares, the latter being the offspring of

thoroughbred stallions and trotting mares As regards
the movement, or, as it is termed, the “action” of the
hackney, he should go hght in hand, and the knee should
be so elevated and advanced durmg the trot as to be seen by
the nder projectmg beyond the breast, whilst, before the
foot is put down, the leg should be well extended Above
all, the hackney should possess good hock action, as
diatmguished from mere fetlock action, the propeUmg
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power depending upon the efficiency of the former To be
classed as a hackney an animal must be over 14 hands
high, that is, exceeding 56 inches

The Bony differs essentially from the hackney in the

matter of height, the former being required not to exceed

14 hands Theie is, however, one exception, the nature

of which IS made clear in the following extract from Sir

Walter Gilbey’s Ponies Past and Present, 1900 —
Befoie the establishment of the Hackney Horse Society in 1883

the dividing line between the horse and the pony in England
was vague and undefined It was then found necessaiy to dis

tinguish clearly between horses and ponies and accordingly, all

animals measuring 14 hands or under were designated ‘‘pomes,
and registered in a separate pait of the (Hackney) Stud Book
This record ot height, with other particulars as to breeding &c

,

serves to direct breeders in their cnoice of sues and dams The
standard of height established by the Hackney Horse Society
was accepted and officially recognized by the Royal Agiicultuial
Society in 1889, when the prize list foi the Windsoi show con
tamed pony classes foi ammals not exceeding 14 hands The
altered polo rule, which fives the limit of height at 14 hands
2 inches, may be productive of some little confusion, but for

all other purposes 14 hands is the recognized maximum height
of a pony Prioi to 1883 small horses weie called mdiffeiently
Galloways, hobbies, cobs, or pomes, irrespective of then height

Native ponies include those variously known as English,

New Forest, Exmoor, Dartmoor, Cumberland and West-

morland, Highland, Shetland, and Connemara, the last-

named comprising—according to Professor J C Ewait

—

five types, viz, imdalusian, Eastern, Cashel, Clydesdale,

and Clifden Ponies range in height from 14 hands down
to 8^ or 9 hands, many Shetland ponies not exceeding the

latter As m the case of the hackney, so with the pony,

thoroughbred blood has been used, and vith good results.

One object of the pony breeder is to control size,—^to com-
press the most valuable qualities into the least compass.

He endeavours to breed an animal possessing a small head,

perfect shoulders, true action, and good manners A com-
bination of the best points of the hunter with the style and
finish of the hackney produces a class of weight-carrying

pony which is always saleable

The Shire horse owes its happily chosen name—of quite

recent application, however,—^to Arthur Young’s remarks,

m the description of his agricultural tours during the

closing years of the 18th century, concerning the large

black old English horse, “ the produce principally of the

Shire counties in the heart of England ” Long previous

to this, however, the void Shme, in connexion with horses,

was used m the statutes of Henry YIII By the various

names of the War Horse, the Great Horse, the Old Enghsh
Black Horse, and the Shire Horse, the breed has for cen-

turies been cultivated in the nch fen-lands of Lincolnshire

and Cambridgeshire, and m many counties to the west

The Shire is the largest of draught horses, the stallion

commonly attaimng a height of 17 to 17 3 hands Though
the black colour is still frequently met with, bay and brown
are more usually seen The lighter colours, such as chest-

nut, roan, and grey, are not so much m favour With their

immense size and weight—1800 Tb to 2200 Bb—^the Shnes
combine great strength, and they are withal docile and
intelhgent They stand on short stout legs, with a plenti-

ful covering—sometimes, perhaps, too abundant—of long

hair extending down the back of the hmbs from knees

and hocks to pasterns The head is of medium size, and

broad between the eyes The neck is fairly long, and well

arched on to the shoulders, which are deep and strong,

and moderately oblique The chest is wide and full, the

back short and straight, the ribs are round and deep, the

hind quarters long, level, and well let down into the

muscular thighs The cannon bones should he flat, heavy,

and clean, and the feet wide, tough, and prominent at the

heels A good type of Shire horse combines symmetrical

AGRICULTURE
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outlines and bold free action, with, clean, heavy, flat bone,

and soft silky hair. Despite the introduction of the motor-

car there is a good and remunerative demand for Shire

geldings for use as draught horses in towns.

The Clydesdale^ the Scottish breed of which the native

home is in the valley of the Clyde, is not quite so large as

the Shire, the average height of stallions being about 16

hands 2 inches. The shoulder is more oblique than in the

Shire, The popular colour is bay, particularly if of a dark

shade, or dappled. Black is also a common colour, but

grey is not encouraged. White markings on one or more

of the legs, with a white star or stripe on the face, are

quite usual. The “feathering,” that is, the development

of silky hair on the backs of the legs, as in the Shires, is a

point to which Clydesdale breeders attach much import-

ance, it being regarded as an indication of strong, healthy

bone. The bones of the legs should be short, flat, clean,

and hard. With symmetry, activity, strength, and endur-

ance, the Clydesdale associates a good temper and willing

disposition, is easily broken to harness, and makes an

admirable draught horse.

The Suffolk is a horse quite distinct from the Shire and

the Clydesdale, two breeds which possess many points in

common. It stands altogether lower, its body looking

almost too heavy for its limbs
;

it possesses a characteristic

chestnut or light dun colour, and its legs are free from

the “feather” which is so much admired in the two other

heavy breeds. How long the Suffolks have been associated

with the county after which they are named is unknown,

but they are mentioned as long ago as 1586 in Camden’s

Britannia, With an average height of about 16 hands,

they often have a weight of as much as 2000 S>, and this

may explain the appearance which has given rise to the

name of the Suffolk Punch, by which the breed is known.

If the Suffolk is not in all respects a handsome animal, he

is none the less a resolute and unwearying worker, and is

richly endowed with many of the best qualities of a horse.

Cattle,

The recognized breeds of cattle in the British Isles

comprise the Shorthorn, Hereford, Devon, South Devon
or South Hams, Sussex, Welsh, Longhorn, Bed Polled,

Aberdeen -Angus, Galloway, Highland, Ayrshire, Jersey,

Guernsey, Kerry, and Dexter. These names— with the

four exceptions of Shorthorn, Longhorn, Ked Polled, and
Dexter— are geographical, and serve to indicate the

“homes” of the several breeds or the places whence they

originated. The Shorthorn, Hereford, Devon, South
Devon, Sussex, Longhorn, and Ked Polled breeds are

native to England ;
the Aberdeen-Angus, Galloway, High-

land, and Ayrshire breeds to Scotland; and the Kerry
and Dexter breeds to Ireland. The Jersey and Guernsey
breeds—often spoken of as Channel Islands cattle—^belong

to the respective islands whose names they bear, and great

care is taken to keep Jersey cattle out of Guernsey, and
Guernsey cattle out of Jersey. The term Alderney is

obsolete, and no pure breed is designated by that name.
The Shorthorn is the most widely distributed of all the

breeds of cattle, both at home and abroad. No census of

breeds ^ has ever been taken in the United Kingdom, but
such an enumeration would show the Shorthorn far to

exceed in numbers any other breed, whilst the great

majority of cross-bred cattle contain Shorthorn blood.

During the last quarter of the 18th century the brothers
Charles Colling (1751-1836) and Robert Colling (1749-
1820) set to work, by careful selection and breeding, to

^ In 1900 the hulls of Ireland were for the first time enumerated.
13iere were 8406 Shorthorns, 764 Aberdeen-Angus, 376 Kerries, 329
Herefbrds, 116 Bed Polled, 103 Dexters, 66 Channel and
4126 others and cross-breds ; total, 14,286

[ttnited

improve the cattle of the Teeswater district in the county
of Durham. If the Shorthorn did not actually originate

thus, it is indisputable that the efforts of the CoUings^
had a profound influence upon the fortunes of the br^d.
It is still termed the Durham breed in most parts of the
world except the land of its birth, and the geographical

name is far preferable, for the term “ shorthorn ” describes

no characteristic which is not shared by a number of other

breeds. Other skilled breeders turned their attention to

the Shorthorns and estabhshed famous strains, the de-

scendants of which can be traced down to the present day.

By Thomas Booth, who dwelt at Killerby and Warlahy
in Yorkshire, the “Booth” strains of Shorthorns were

originated. Similarly, by Thomas Bates, of Kirklevington

in Yorkshire, the “Bates” families were established.^

When Shorthorn breeders of to-day talk of “Booth blood,”

or of “Bates blood,” they refer to animals descended from
the respective herds of Thomas Booth and Thomas Bates.

Shorthorns are sometimes spoken of as the ubiquitous

breed, and also as the “red, white, and roan” breed.

The roan colour is very popular, and the full red has its

supporters, as in the case of the Lincolnshire Red Short-

horns; unbroken white is not much in favour. The
striking characteristic of the Shorthorn is the ease with

which it adapts itself to varying conditions of soil, climate,

and management. Add to this that the breed is equally

noted both for its beef-making and its milk-yielding pro-

I parties, and—serving as it thus does the dual purpose

—

it is not difficult to see why the Shorthorn is so extensively

bred over such wide areas. Its importance exceeds that

of any other breed, whether it be viewed as a grader’s

beast or a dairyman’s cow. Shorthorns may be seen at

nearly all the fairs and cattle markets of Great Britain

and Ireland, a statement that can be made of no other

breed. For crossing purposes, for the production of beef-

cattle, the Shorthorn is unrivalled.

The culmination of what may be termed the Booth and

Bates period was in the year 1875, when the sales took

place of Lord Dunmore’s and Mr William Torr’s herds,

which realized extraordinary prices. In that black year

of farming, 1879, prices were declining, and continued to

do so till within the last few years of the close of the 19th

century, when there set in a gradual revival, stimulated

largely by the commercial prosperity of the country. The

result of extremely high prices when line-bred animals

were in fashion was a tendency to breed from all kinds of

animals that were of the same tribe, without selection.

Consequently, a deterioration set in, which was aggravated

by the overlooking of the milking properties. Shorthorn

breeders thus came to see that a change of blood was

necessary. Meanwhile, for many years breeders in Aber-

deenshire had been holding annual sales of young bulls and

heifers from their herds. The late Mr Amos Cruickshank

began his annual sales in the ’forties, and the late Mr W.
T. Talbot-Crosbie had annual sales from his Shorthorn

herd in the south-west of Ireland for a number of years.

Many Aberdeen farmers emigrated to Canada, and bought

Shorthorn calves in their native county to take with them.

The Cruickshanks held their bull sales at that time, and

numerous animals were bought by the small breeders in

Canada. This continued until 1875, when the Cruick-

shanks had so much private demand that they discon-

tinued their public sales. Subsequently, when Messrs

Cruickshank sold their herd privately to Messrs Nelson

for exportation the animals could not all be shipped, and

* C. J. Bates, “The Brothers Colling,” Jour, Roy, Agric, Soc.

1899.
® C. J. Bates, Thomas Bates and the KirUefoington Shorthorns:

a CorUribvtion to the History of Rure Durham Cattle, Newcastle-

upon-Tyne, 1897.
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Mr Duthie, of Collynie, Aberdeensldre, bought some of

the older cows, whilst Mr Deane Willis, of Bapton Manor,

Wilts, bought the yearhng heifers, Mr Duthie thereupon

resumed the sales that the Cruickshanks had relinquished,

his averages being ^30 in 1892, about £50 in 1893-94,

and ^80 in 1895. These prices advanced through English

breeders requiring a little change of blood, and also through

the increasing tendency to exhibit animals of great sub-

stance, or rather to feed animals for show. The success

of this movement has strengthened the demand, whilst an

inquiry for this line of blood has arisen in the United

States and Canada. A faithful contemporary history of

the Shorthorn breed is to be found in Thornton^s Circular^

which is published quarterly and dates back to 1868.

The Hereford breed is maintained chiefly in Hereford-

shire and the adjoining counties. Whilst a full red is the

general colour of the body, the Herefords are distinguished

by their white faces, white chest and abdomen, and white

mane. The legs up to the knee or hock are also often

white. The horns are moderately long, springing straight

from the head in the bull, and turning somewhat forward

and upward in the cow. Herefords, though they rear

their own calves, have acquired but little fame as dairy

cattle. They are, however, very hardy, and produce beef

of excellent quality. As, moreover, they are docile they

fatten easily and readily, and as graziers’ beasts they are

in high favour.

Devon cattle—^the “Eubies of the West,” as they

are termed, in allusion to their colour—are reared chiefly

in Devon and Somerset. The colour is a whole red, its

depth or richness varying with the individual, and in

summer becoming mottled with darker spots. The Devons

stand somewhat low
;
they are neat, compact, and plump,

and possess admirable symmetry. Whilst they do not

attain the size of the Shorthorn or the Hereford, yet,

taking their height into consideration, they perhaps weigh

better than either. In the male animal the thick-set horns

project straight out at right angles to the rest of the

body; in the female they are more slender, and often

curve neatly upwards. Bemg fine-limbed, active animals,

they are well adapted for grazing the poor pastures of

their native hills, and they turn their food to the best

account, yielding excellent beef. They have not yet attained

much celebrity as milch kine, for, though their milk is of

first-class quality, its quantity is usually small. Latterly,

however, the milking qualities have received more atten-

tion from breeders, whose object is to qualify the Devon
as a dual-purpose breed.

The South Devon or South Hams cattle are almost

restricted to that southern part of the county of Devon
known as the Hams, whence they are also called “Hammers.”
With a somewhat ungainly head, lemon-yellow hair, yellow

skin, and large but hardly handsome udder, the South
Devon breed bears far more resemblance to the Guernseys
than to the trim-built cattle of the hills of North Devon.
The cows are heavy milkers, and furnish excellent butter.

They are rarely seen outside their locality, and seldom
appear in the showyards.

The Sussex breed, named after its native county, re-

sembles the Devon in many respects. The Sussex cattle,

however, are bigger, less refined in appearance, less graceful

in outline, and of a deeper brown-chestnut colour than the

Devons,—^the “dainty Devons,” as the latter may well be
called in comparison with the massive animals of the
Sussex breed. As a hardy race, capable of thriving on
poor rough pastures, the Sussex are highly valued in their

native districts, where they have been rapidly improved in
recent years. They are essentially a beef-producing breed,
the cows having little reputation as milkers. By staE-

fcrfing they can be ripened ofif for the butcher at an

early age. The Sussex cattle are said to “ die well,” that
is, to yield a large proportion of meat in the best parts of

the carcase.

In the Welsh breed of cattle black is the prevailing

colour, and the horns are long. They do not mature very
rapidly, but some of them grow eventually into big ponder-

ous beasts, and their beef is of prime quality. In Wales
several varieties are recognized—the Anglesey, Pembroke,
Glamorgan— and the cows often acquire considerable

reputation as milkers. As graziers’ beasts Welsh cattle

are well known in the midland counties of England,
where, under the name of Welsh runts, large herds of

bullocks are fattened upon the pastures, or “ topped up ”

in the yards in winter.

In the Longhorn breed of cattle the interest is largely

historical. It was with the Longhorns that the famous
Eobert Bakewell, of ^Dishley, Leicestershire (1726-95),
gave evidence of his remarkable skill as an improver of

cattle in the middle of the 18th century.^ At one period

the Longhorns were widely spread in England and Ireland,

but, as the Shorthorns extended their domain, the long-

horned cattle made way for them. Longhorns are to be
seen in the midland counties of England, chiefiy in

Warwickshire. They are big, rather clumsy animals, with
long drooping horns, which are very objectionable in these

days of cattle transport by rail and sea, and which some-

times grow in such a fashion as to prevent the animals

from grazing. The bullocks feed up to high weights, and
the cows are fair milkers. No lover of cattle can view
these quaint creatures without a feeling of satisfaction

that eferts are being made to resuscitate a breed which
has many useful qualities to commend it.

The Bed Polled is the only hornless breed of English

cattle, and, though an old breed, it is within quite recent

years that it has come into prominence. These cattle

were formerly known as the East Anghan Polls, and later

as the Norfolk and Suffolk Polled cattle, being confined

chiefiy to the two counties named. They are symmetrically-

built animals, of medium size, and of uniformly red

colour. They have a tuft of hair on the poll, or upper
part of the forehead. Of the native breeds of England,

the Eed Polled have acquired the highest distinction as

dairy cattle, and are noted for the length of the period

during which they continue in milk. Not less are they

valued as beef-producers, and, as they are hardy and
docile, they fatten readily and mature fairly early. Hence,

like the Shorthorn, they may claim to be a dual-pur-

pose breed. As beef cattle they are always seen to

advantage at the Norwich Christmas cattle show, held

annually in November.

The Aberdeen-Angus breed belongs to Aberdeenshire

and adjacent parts of Scotland, but many herds are main-

tained in England and some in Ireland. They possess

glossy black coats (occasionally red), have no horns, and

are often termed “ Doddies.” They attain great size and

weight, make first-class beasts for the butcher, and yield

beef of excellent quality. The cross between the Short-

horn and the Aberdeen-Angus, known as the “Blue

Grey,” is a favourite in the meat markets.

The Gallcrways are named from the district in the south-

west of Scotland to which they are native. Like the

Aberdeen-Angus cattle, the Galloways are hornless, and

normally of a black colour. But the Galloway, with its

thicker hide and shaggy hair, suited to a wet climate, has

a coarser appearance than the Aberdeen-Angus, the

product of a less humid region, though it approaches the

latter in size. The Galloways yield superior beef, but

they mature less rapidly than the Aberdeen-Angus. The

^ Housman, “Eobert Bakewell,” Jwjbr, Roy, Agric, Soc. 1894
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Galloways make admirable beasts for the grazier, and the

cross between the Galloway and the Shorthorn, also

known as “Bine Grey,” is much sought after by the

butcher.

The Highland breed—^termed also the West Highland

and the Kyloe—^is perhaps the most picturesque of the

breeds of British cattle. Their home is amidst the wild

romantic scenery of the Highland counties and Western

Isles of Scotland, though herds of them may be seen in

various English parks. There is no hardier breed. In their

hative haunts they live exposed to all weathers, and thrive

upon scanty herbage which they gather with great effort.

They have not made much progress towards early maturity,

but their slowly ripened beef is of the choicest quality.

Whilst they are not often remarkable for size, they look

larger than they really are on account of the thick shag^
hair in which they are enveloped. The colour varies

from light dun, or tawny yellow, to black. Their long,

handsomely curved horns are set widely apart.

The Ayrshires are the dairy breed of Scotland, where

they have considerably overstepped the limits of the humid
western county whence they take their name. They are

usually of a white and brown colour, the patches being

well defined. Sometimes the brown is replaced by red,

and any one of the colours may prevail to the exclusion of

the others. The neat, shapely, upstanding horns, with a

peculiar curve upwards at the tip, are characteristic. The
Ayrshires are of medium size and are graceful movers, and
the females have the wedge-shape possessed by typical

dairy cows. They are a hardy breed, and give good yields

of milk even from poor pastures. The milk of the Ayr-
shires IS especially useful for cheesemaking purposes.

The Jerseys are a breed of graceful, deer-Uke cattle whose
home is in the island of Jersey, where, by means of

stringent regulations against the importation of cattle, the

breed has been kept pure for many generations. its

milk is especially rich in fat, the Jersey has attained a
wide reputation as a butter-producing breed. It is a great

favourite in England, where many pure-bred herds exist.

The colours most preferred are the light silver-grey, the

brown, and the fawn
;
brindled markings are very rarely

seen. The white zone behind the black muzzle gives to

these cattle the appearance in respect of which they are

sometimes termed “ mealy-mouthed,” The horns are short,

and generally curved inwards
;
the bones are fine. The

best milch cows have a yellowish circle round the eye, and
the skin at the extremity of the tail of a deep yellow,

almost orange, colour. The Jersey cattle possess peculiari-

ties of colour not seen in any other breed in the British

Isles. The cows are gentle and docile, but the bulls,

despite their small size, are often fierce.

The Guernsey cattle have their native homes in the

islands of Guernsey, Alderney, Sark, and Herm, and they
are kept pure there by the same kinds of restrictions as

are adopted in Jersey for the protection of the native

breed of that island. Herds of pure-bred Guernseys exist

in the Isle of Wight and in various southern counties of

England. They have not the refined and elegant appear-
ance of the Jerseys, which, however, they exceed in size.

They are usually of a rich yellowish-brown colour, patched
with white, whilst in some cases their colour almost merits
the appellation of “orange and lemon.” The yeUow
colour inside the ears is a point always looked for by
judges. The cows, large-bellied and narrow in front, are
truly wedge-shaped, the greatly developed milk-bag adding
to the expanse of the hinder part of the body. They yield
an abundance of milk^ rich in fat, so that, like the Jerseys,

they are exceEent butter-producers. The horns are yellow
at the base, curved, and not coarse. The nose is free from
black markings, whereas, in the Jerseys, there is, as has

just been stated, a dark muzzle, encircled by a light
colour, thus giving a “mealy-mouthed” appearance.

^

The Kerry is a breed of small black cattle belonging to
the south-west of Ireland, whence they have spread into
many parts, not only of their native land, but of England
as well. Although they are able to subsist on the roughest
and scantiest of fare, and are exceedingly hardy, the cow^s
are, nevertheless, excellent milkers, and have acquired
celebrity as a dairy breed. The colour is black, but the
cows sometimes have a little white on the udder. The
horns are white, with black tip, and are turned upwards.
The Kerry is active and graceful, long and lithe in body,*

and light-limbed.
’

The Dexter breed is an offshoot of the Kerry, its origin
being attributed to Mr Dexter, who is credited with having
established it, by selection and breeding from the best
mountain types of the Kerry. Until recently it was called

the Dexter Kerry. It is smaller, shorter in the leg, and
more compact than the Kerry, and gains in plumpness
what it loses in elegance. Whilst valuable as a beef-

making animal, it is equally noted for its milk-produ-
cing capacity. Black is the usual colour, but red is also

recognized, with, in either case, a little white. When
of a red colour, its appearance has been aptly compared to

that of a grand Shorthorn viewed through the wrong end
of a telescope. The Kerry and the Dexter are readily

distinguishable. The Kerry has a light, deer-like head and
horn, light limbs, with ribs, hips, and shoulders well set,

thin skin, straight back, hght, well-set tail, with long

brush. The Dexter has, as has just been intimated, very

much the character of a diminutive Shorthorn, with short

strong legs, square body, flat back, thick shoulder, short

neck, and well-set head and horn.

The breeds of cattle which are more especially note-

worthy as beef-makers include the Shorthorn, Hereford,

Devon, Sussex, Welsh, Aberdeen-Angus, Galloway, and
Highland. As milk-producers, and therefore as dairy

cattle, the Shorthorn, South Devon, Longhorn, Bed Polled,

Ayrshire, Jersey, Guernsey, Kerry, and Dexter breeds

have acquired eminence. Such breeds as the Shorthorn,

Devon, Welsh, Bed Polled, and Dexter are claimed as use-

ful both for beef-making and for milk-producing, and are

hence regarded as serving the dual purpose. As regards

colour, red is characteristic of the Hereford, Devon,

Sussex, and Bed Polled. Black is the dominating colour

of the Welsh, Aberdeen-Angus, Galloway, Kerry, and

Dexter. A yellowish colour is seen in the Guernsey and

South Devon breeds. Various shades of fawn colour are

usual in the Jersey cattle. The Herefords, though with

red bodies, have white faces, manes, and dew-laps, whilst

white prevails to a greater or less extent in the Shorthorn,

Longhorn, and Ayrshire breeds. The Shorthorn breed is

exceedingly variable in colour
;
pure-bred specimens may

be red, or white, or roan, or may be marked with two or

more of these colours, the roan resulting from a blending

of the white and red. Black is not seen in a pure-bred

Shorthorn, With respect to size and weight, the biggest

and heaviest cattle come from the beef-making breeds, and

are often cross-bred. Very large beasts, if pure-bred,

usually belong to one or other of the Shorthorn, Hereford,

Sussex, Welsh, Aberdeen-Angus, and Galloway breeds.

The Devon, Bed Polled, and Guernsey are medium-sized

cattle
; the Ayrshires are smaller. The Jerseys are small,

graceful cattle, but the Kerries and Dexters furnish the

smallest cattle of the British Isles,

Sheep,

The sheep native to the British Isles may be classified as

longwool, shortwool, and mountain breeds. The longwool

breeds are the Leicester, Border Leicester, Cotswold,
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Lincoln, Kentisli, Devon Longwool, SoutL Devon, Wens-

leydale, and Eoscommon. The shortwool breeds are the

Oxford Down, Southdown, Shropshire, Hampshire Down,

Suffolk, Eyeland, Somerset and Dorset Horned, and Clun

Forest. The 7)iountain breeds include the Cheviot, Black-

faced Mountain, Herdwick, Lonk, Dartmoor, Exmoor,

Welsh Mountain, and Limestone. These breeds are all

English, except the Border Leicester, Cheviot, and Black-

faced Mountain, which belong to Scotland; the Welsh

Mountain, which belongs to Wales
;
and the Eoscommon,

which is Irish. The true mountain breeds are horned

gjieep—usually the males only in the case of the Cheviot,

the Herdwick, and the Welsh, though many Cheviot rams

are hornless. In the only other horned breed, the Somer-

set and Dorset, both sexes are furnished with horns. The
remaining breeds are hornless. The white-faced breeds

include the Leicester, Border Leicester, Lincoln, Kentish,

Cheviot, Eyeland, Devon Longwool, South Devon, Somer-

set and Dorset Horned, Dartmoor, Exmoor, and Eos-

common. Black faces characterize the Hampshire Down
and the Suffolk, whilst some amount of black is seen on

the faces of the Black-faced Mountain and the Lonk.

The Leicester^ though sparsely distributed now, is of

high interest in that it was the breed which Eobert Bake-

well took in hand in the 18th century, and greatly

improved by the exercise of his skill and judgment.

Bakewell lived at Dishley Grange, Leicestershire, and in

France the Leicester sheep are still called Dishleys. In

past times Leicester blood was extensively employed in the

improvement or establishment of other breeds of sheep.

The Leicester, as seen now, has a long tapering head,

projecting horizontally forwards
;
rather long, thin ears

pointing backwards
;
a full broad breast

;
fine clean legs

standing well apart; deep round barrel, with the sides

diminishing in width towards the rump
;
thin, soft skin,

covered with fine white wool; and the top of the head

protected by close short wool. The breed is maintained

pure upon the rich pastures of Leicestershire, Yorkshire,

and adjacent counties, but its chief value is for crossing,

when it is found to promote maturity and to improve the

fattening propensity.

The Border Leicester originated after the death in 1795
of Bakewell, when the Leicester breed, as it then existed,

diverged into two branches. The one is represented by
the breed still known in England as the Leicester. The
other, bred on the Scottish Borders, acquired the name of

Border Leicester. The characteristics of the latter are a
sharp profile, with dark, full nostrils, black muzzle, well-

set ears, and hair on the face and poll pure white
;
back

broad and muscular, belly well covered with wool; legs

clean, and a flleece of fairly long white wool.

The Gotswold is an old-established breed of the Glouces-

tershire hills, extending thence into Oxfordshire. They
are big, handsome sheep, with finely-arched necks and
graceful carriage. With their broad, straight backs, curved
ribs, and capacious quarters, they carry a great weight of

carcase upon clean, wide-standing legs. The white silky-

fleece of long wavy wool gives the Cotswold an attractive

appearance, which is enhanced by its stylish topknot or

forelock. The mutton of the Cotswolds is not of high
quality, but the sheep are useful for crossing purposes, as

they impart size.

The Lmcoln breed is descended from the old native
breed of Lincolnshire, improved by the use of Leicester

blood.
^

The Lincolns are a hardy, prolific breed, but do
not quite equal the Cotswolds in size. They have larger,

bolder heads than the Leicesters. Breeders of Lincoln
rams like a darkish face, with a few black spots on the
ears. The legs should be white. The wool has a broad
•fitaplcj and is denser, longer, and the fleece heavier, than
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in the Leicester. In 1898 Mr Henry Dudding, Eiby
Grove, Lincolnshire, obtained at auction the sum of 1000
guineas for a Lincoln ram bred by him, this being the

highest price ever paid for a sheep in the TJnited Kingdom.
He secured the same price again for a ram in 1900.

The Kentish or Romney Marsh is a somewhat local

breed, native to the rich tract of grazing land on the

south coast of Kent. They are hardy, white-faced sheep,

with a close-coated longwool fleece.

The Oxford Lcnon is a modern breed which owes its

origin to the cross-breeding of longwool and shortwool

sheep, the former being Cotswolds and the latter Hamp-
shire Downs and Southdowns. Although it has inherited

the forelock from its longwool ancestors, it approximates
more nearly to the shortwool type, and is accordingly

classified as such. An Oxford Down ram has a bold
masculine head

;
a poll well covered with wool, and

adorned by a topknot
;
ears self-coloured, upright, and of

fair length; face of uniform dark brown colour; legs

short, dark in colour, and free from spots; back level

and chest wide; and the fleece heavy and thick. The
breed is popular in Oxford and other midland counties.

The Southdown was formerly known as the Sussex

Down, as it was from the short, close pastures upon the

chalky soils of the South Dovms in Sussex that the breed

sprang. In past times it did for the improvement of the

shortwool breeds of sheep very much the same kind of

work that the Leicester performed in the case of the long-

wool breeds. A pure-bred Southdown sheep has a small

head, with a light brown or brownish grey (often mouse-
coloured) face, fine bone, and a symmetrical, well-fleshed

body. The legs are short and neat, the ammal being of

small size compared with the other Down sheep. The
fleece is of fine, close, short wool, and the mutton is

excellent.

The Shropshire is descended from the old native sheep

of the Salopian hiUs, improved by the use of Southdown
blood. Though heavier in fleece and a bulkier animal,

the Shropshire has resemblance to an enlarged Southdown.

As distinguished from the latter, however, the Shropshire

has a darker face, blackish brown as a rule, with very

neat ears, whilst its head is more massive, and is better

covered with wool on the top and at the sides. This

breed has made rapid strides in recent years, and it has

acquired favour in Scotland and Ireland as well as abroad.

The Hampshire Down is another breed which owes

much of its improved character to an infusion of South-

down blood. Early in the 19th century the old 'Wiltshire

horned sheep and the Berkshire Knot roamed over the

Downs of their native counties. Both these old-fashioned

types have disappeared, but their descendants are seen in

the modern Hampshire Down, which origiuated in a cross

with the Southdown. Early maturity and great size have

been the objects aimed at and attained, tMs breed, more
perhaps than any other, being identified with early

maturity. Whilst heavier than the Shropshire, the Hamp-
shire Do-wn sheep is less symmetrical. The Hampshire
Downs have black faces and legs, big heads with Eoman
nose, darkish ears set well back, and a broad level back

nicely filled in with lean meat. The mutton of the Down
breeds is of superior quality.

The Suffolk is another modern breed, which probably

took its origin in the crossing of improved Southdown
rams with the old horned Norfolk ewes. The character-

istics of the latter are still retained in the black face and
legs of the Suffolk, but the horns have been improved

away. The fleece is moderately short, the wool being of

close, fine, lustrous fibre, without any tendency to mat
together. The limbs, woolled to the knees and hocks, are

dean below. In general appearance the Suffolk is like

S. I. — 25
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th.e Hampshire Down, from which it differs in the rather

darker face, head less covered with wool, and the nose of

a less pronounced Roman type.

The Cheviot takes its name from the range of hills

extending along the boundary between England and

Scotland, on both sides of which the breed now extends,

though its origin has to be sought in Northumberland.

The Cheviot is a hardy sheep with straight wool, of

moderate length and very close-set, whilst wiry white hair

covers the face and legs.

The Blachfaced Mountain breed is chieffy reared in

Scotland, but it is doubtful whether its origin is English

or Scottish. Their greater hardiness, as compared with

the Cheviots, has brought them into favour upon the

higher grounds of the north of England and of Scotland,

where they thrive upon coarse and exposed grazing lands.

The colour of face and legs in this hardy mountain breed

is well-defined black and white, the black predominating.

The horns are low at the crown, with a clear space between

the roots, and sweep away in a wide curve, sloping slightly

backwards, and quite clear of the cheek. The fashionable

fleece is deep, hairy, and strong, and of uniform quality

throughout.

The Lonh has its home amongst the hills of Lancashire

and Yorkshire, and it is the largest of the mountain

breeds. It bears most resemblance to the Black-faced

Mountain sheep, but carries a finer, heavier fleece, and is

larger in head and body. Its face and legs are mottled

white and black, and its horns are handsome. The tail is

long and rough.

The Herdwick is a hardy breed thriving upon the poor

mountain land in Cumberland and Westmorland. The
rams sometimes have curved horns. The colour of these

sheep is white, with a few darkish spots here and there

;

the faces and legs are often speckled. The wool is strong,

coarse, and open, and inclined to be hairy about the neck.

The forehead has a top-knot, and the tail is broad and
bushy.

The Wendeydale takes its name from the Yorkshire

dale (Yoredale) of which Thirsk is the centre. The
Wensleydales are longwool sheep, derived from the old

Teeswater breed by crossing with Leicester rams. They
are dark-faced, and the head is broad and flat, with a tuft

of wool on the forehead. The skin is blue, fine, and soft,

whilst the wool has a bright lustre, is curled in all parts

of the body, and is of uniform staple. The fore-legs are

set well apart, and the hind-legs have a little fine wool
below the hock.

The Limestone is a breed of which little is heard. It is

almost restricted to the fells of Westmorland, and is prob-

ably nearly related to the Black-faced Mountain breed.

The so-called “Limestones” of the Derbyshire hills are

really Leicesters.

The Welsh Mountain is a small, active, soft-woolled,

white-faced breed of hardy character. The legs are often

brownish, and this colour may extend to the face. Horns
may or may not be present. The mutton is of excellent

quality.

The Chm Forest is a local breed in West Shropshire and
the adjacent part of Wales. It is descended from the old
tan-faced sheep that once occupied the district, and has been
much crossed with the Shropdiire sheep, but its wool is

rather coarser than that of the latter. The first cross with
the Shropshire is a favourite with butchers.

The Ryeland breed is so named from the Ryelands, a
poor upland district in Herefordshire. It is a very old
breed, against which the Shropahires have made substantial

headway. The Eyeland ^eep are small, hornless, have
white faces and legs, and remarkably fine short wool, with
a topknot on the forehead.

[UNITEn

The Somerset and Dorset Homed is an old west-country
breed of sheep. The fleece is of close texture, and the
wool is intermediate between long and short, whilst the
head carries a forelock. Both sexes have horns, which are
very much coiled in the ram. The muzzle, legs, and hoofs
are white

;
the nostrils are pink. This is a hardy breed

in size somewhat exceeding the Southdown. Two crops
of lambs in a year are sometimes obtained from the ewes
the winter lambs being dropped from October onwards.

^

The Devon Longwool is a breed locally developed in the
valleys of West Somerset, North and East Devon, and
parts of Cornwall. It originated in a strong infusion of
Leicester blood amongst the old Bampton stock of Devon-
shire. The Devon Longwool is not unlike the Lincoln, but
is coarser. It is white-faced, with a lock of wool on the
forehead.

The South Devon or South Hams are, like the cattle of

that name, a strictly local breed, which likewise exemplify

the good results of crossing with the Leicesters. The
South Devons have a fairly fine silky fleece of long

staple.

The Dartmoor is a hornless, longwool, white-fleeced

sheep, with a long whitish face like that of the Leicester.

It is a hardy local Devonshire breed, and is much larger

than the Exmoor.
The Exmoor is a horned breed of Devonshire moorland

sheep, probably of direct descent from the old forest or

mountain breeds of England. They have white legs and
faces and black nostrils. The horns curl more closely

against the head than in the Somerset and Dorset breed.

The Exmoors are delicately formed about the head and
neck, and they have a close, fine fleece of short wool.

They are very hardy, and yield mutton of choice flavour.

The EoscomToon—^the one breed of modern sheep native

to Ireland—^is indebted for its good qualities largely to

the use of Leicester blood. It is a big-bodied sheep, carry-

ing a long, wavy, silky fleece. It ranges mainly from

the middle of Ireland westwards.

Pigs,

The classification of the native breeds of pigs compares

unfavourably with that of either cattle or sheep, and in

many parts of England there are nondescript animals

which it would be difficult to assign to any of the recog-

nized breeds. The latter include the Large White, Middle

White, and Small White, which were all formerly embraced

under the general term of Yorkshires, and are still so called

in other countries. The Berkshire and the so-called Biack

breeds (Suffolk or Essex) are black, and the Tamworths

are red.

The Large Whites often have a few blue spots in the

skin. The head is of fair length, light in the jowls, and

wide between the eyes, with somewhat drooping ears.

The neck is long, but not coarse, the ribs are deep, the loin

is wide and level, the tail is set high, and the legs are

straight and set well outside the carcase. The whole body

is covered with straight silky hair, which denotes quality

and lean meat. Pigs of this breed are very prolific, and

they may be grown to enormous weights.

The Middle Whites are built on a smaller scale than the

Large Whites. They are shorter in the heads and legs,

thicker and more compact in the body, and have a denser

clothing of silky hair. The sows are quite as prolific as

those of the Large White breed, and, as their produce

matures earlier, they are much in demand for breeding

porkers.

The Small White pigs are much smaller than the Middle

Whites. The head and legs are very short, and the body,

which is short, thick, and wide, is close to the ^ound.

Thejowls are heavy, the ears are pricked, and the thin skin

AGRICULTURE
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is laden with long silky hair, wavy, but not curly, whilst

the tail is very fine. A deficiency of lean meat is a

common characteristic of the breed.

The STrwbll Black (Suffolk or Essex) breed resembles

the Small White, except that the skin is coal-black in

colour, and the coat of hair is not usually profuse. The

Small Black, moreover, is rather longer, and stands some-

what higher, whilst it yields more lean meat than the

Small White. It matures early and is quick to fatten.

A closely similar pig to this of the eastern counties of

England thrives in Dorset, Devon, and Cornwall.

The Larg& Black breed has only recently received show-

yard recognition, but it is claimed that there is ample

evidence that, with its characteristic whole colour, length,

fine hair, lop ear, and great grazing capacity, the Large

Black existed in many parts of England long previously

to the memory of any of the present generation of breeders.

It has been continuously and carefully bred in Cornwall,

Devon, Essex, Suffolk, and more recently in Yorkshire,

Somerset, Norfolk, and Hampshire. Large Blacks are

exceedingly docile, and the natural carriage of the ears,

well forward over the eyes, is said to contribute materially

to a quietness of habit which renders them peculiarly

adapted to field grazing. On account of their hardiness

and disposition to early maturity they have proved valu-
|

able for crossing purposes in Cumberland, Yorkshire, and

other counties. The Large Black Pig Society was incor-

porated so recently as 1899.

The Berkshire^ though a black pig, usually has a white

blaze or mark down the face, a white tip to the tail, and

feet white up to the ankle joint. It has a moderately

short head with heavy jowls, a deep carcase, wide, low, and

well-developed hind-quarters, with heavy hams. The skin

is free from rucks and lines, and carries an abundance of

fine hair.

The Tamvjorth is one of the oldest breeds of pigs. The
colour is red, with darkish spots on the skin. The head,

body, and legs are long, and the ribs are deep and flat.

Originally a local breed in the districts around the Staf-

fordshire town from which it takes its name, it is now much
more extensively bred, and is valued as a bacon pig.

The enormous imports of bacon and hams into the

United Kingdom— amounting in the year 1900 to

7,443,918 cwt., valued at ^15,995,786—has led to the

bestowal of greater attention upon the bacon-producing

industry at home. In spite of all foreign competition,

English bacon and hams command the highest prices, for

there is something in the English method of feeding and
curing which is equivalent to an addition of so many
shillings per cwt. to the price. Much information on this

subject is contained in the papers ^ by Mr L. M, Douglas,

which may be consulted for fuller details.

Beeed Societies.

A noteworthy feature of the closing decades of the 19th
century was the formation of voluntary associations of

stockbreeders, with the object of promoting the interests

of the respective breeds of live stock. As a typical example
of these organizations the Shire Horse Society may be
mentioned. It was incorporated in 1878 to improve and
promote the breeding of the Shire or old English race of

cart horses, and to effect the distribution of sound and
healthy sires throughout the country. Up to the year 1901
inclusive the society had held twenty-two annual shows
in London, and had distributed prizes of an aggregate
value of nearly £19,000, besides offering gold and silver

medals for competition amongst Shire horses at agricul-

^ “Bacon Curing,” J<mr. Roy. Agric. JSoc., 1898 ; and ‘*The
Construction of a Modem Bacon Factory,” Ihid. 1900.
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tural shows in different parts of the country. Twenty-two
annual volumes of the Shire Horse Stud Book had been
published, recording the pedigrees of 19,275 stallions and
34,578 mares, or a total of 53,853 animals. In 1901 the

society possessed more than 3000 members, paying an
annual subscription of one guinea, or a life composition of

ten guineas. It is out of the funds thus obtained that the

society has carried on a work of high national importance,

and has effected a marked improvement in the character

and quality of the Shire horse. What has thus voluntarily

been done in England would in most other countries be
left to the state, or would not be attempted at all. It is

hardly necessary to say that the Shire Horse Society has
never received a penny of public money, nor has any
other of the voluntary breeders’ societies. The Hackney
Horse Society and the Hunters’ Improvement Society are

conducted on much the same lines as the Shire Horse
Society, and, like it, they each hold a show in London in

the spring of the year and publish an annual volume.

Other horse-breeders’ associations, all doing useful work
in the interests of their respective breeds, are the Suffolk

Horse Society, the Clydesdale Horse Society, the Yorkshire

Coach Horse Society, the Cleveland Bay Horse Society,

the Polo Pony Society, the Shetland Pony Stud Book
Society, and the Association for the Improvement of New
Forest Ponies. Thoroughbred race-horses are registered

in the General Stud Book. The Eoyal Commission on
Horse Breeding, which dates from 1887, is, as its name
implies, not a voluntary organization. Through the

commission the money previously spent upon Queen’s

Plates is offered in the form of “Queen’s Premiums”
(“King’s Premiums” in 1901 and subsequent years) of

£150 each for thoroughbred stallions, on condition that

each stallion winning a premium shall serve not less than

fifty half-bred mares, if required. The winning stallions

are distributed in districts throughout Great Britain, and
the use of these selected sires has resulted in a decided

improvement in the quality of half-bred horses. The
annual show of the Royal Commission on Horse Breeding

is held in London jointly and concurrently with those of

the Hunters’ Improvement Society and the Polo Pony
Society. At the 1901 show 29 premiums of £150 were

offered for thoroughbred stallions over 4 years old and not

exceeding 20 years.

Of organizations of cattle-breeders the English Jersey

Cattle Society, established in 1878, may be taken as an

illustrative type. It offers prizes in butter-test competi-

tions and milMng trials at various agricultural shows, and

publishes the English Herd Book and Begister of Bure-

bred Jersey Cattle^ of which the tenth volume was issued

in 1899. This volume records the births in the herds of

members of the society, and gives the pedigrees of 1178

cows and 337 bulls, besides furnishing lists of prize-

winners at the principal shows and butter-test awards,

and reports of sales by auction of Jersey cattle. Other

cattle societies, all well caring for the interests of their

respective breeds, are the Shorthorn Society of Great

Britain and Ireland, the Lincolnshire Red Shorthorn

Association, the Hereford Herd Book’Society, the Here-

ford Cattle Breeders’ Association (the two last-named axe

now amalgamated), the Devon Cattle Breeders’ Society,

the South Devon Herd Book Society, the Sussex Herd

Book Society, the Longhorned Cattle Society, the Bed
Polled Society, the English Guernsey Cattle Society, the

English Kerry and Dexter Cattle Society, the North

Wales Black Cattle Society, the Polled Cattle Society (for

the Aberdeen-Angus breed), the English Aberdecn-Angus

Cattle Association, the Galloway Cattle Society, the

Ayrshire Cattle Herd Book Society, and the Highland

Cattle Society of Scotland.
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In the case of sheep the National Sheep Breeders’

Association looks after the interests of flockmasters in

general, whilst most of the pure breeds are represented

also by separate organizations. The Hampshire Down
Sheep Breeders’ Association may be taken as a type of

the latter, its principal object being to encourage the

breeding of Hampshire Down sheep at home and abroad,

and to maintain the purity of the breed. It publishes an

annual Block Book, the first volume of which appeared in

1890. In this book are named the recognized and pure-

bred sires which have been used, and ewes which have

been bred from, wLdlst there are also registered the pedi-

grees of such sheep as are proved to be eligible for entry.

Prizes are offered by the society at various agricultural

shows where Hampshire Down sheep are exhibited. Other

sheep societies include the Leicester Sheep Breeders’

Association, the Cotswold Sheep Society, the Lincoln

Longwool Sheep Breeders’ Association, the Oxford Down
Sheep Breeders’ Association, the Shropshire Sheep Breeders’

Association and Flock Book Society, the Southdown Sheep

Society, the Suffolk Sheep Society, the Border Leicester

Sheep Breeders’ Society, the Wensleydale Longwool Sheep

Breeders’ Association and Flock Book Society, the Incor-

porated Wensleydale Blue-faced Sheep Breeders’ Associa-

tion and Flock Book Society, the Kent Sheep Breeders’

Association, the Devon Longwool Sheep Breeders’ Society,

the Dorset Horn Sheep Breeders’ Association, the Cheviot

Sheep Society, and the Roscommon Sheep Breeders’ Asso-

ciation,
'

The interests of pig breeders are the care of the National

Pig Breeders’ Association, in addition to which there exist

the British Berkshire Society and the Large Black Pig

Society.

The addresses of the secretaries of the various live-stock

societies in the United Kingdom are published annually

in the Live Stock Journal Almanac,

The Maintbnakoe of the Health op Live Stock.

It was not till the closing decade of the 19th century

that the stock-breeders of the United Kingdom found

themselves in a position to prosecute their industry free

from the fear of the introduction of contagious disease

through the medium of store animals imported from abroad

for fattening on the native pastures. By the Diseases of

Animals Act, 1896 (59 60 Viet. c. 15), it was provided

that cattle, sheep, and pigs imported into the United
Kingdom should be slaughtered at the place of landing.

The effect was to reduce to a minimum the risk of the

introduction of disease amongst the herds and flocks of

the country, and at the same time to confine the trade in

store stock exclusively to the breeders of Great Britain

and Ireland. This arrangement makes no difference to

the food-supply of the people, for dead meat continues to

arrive at British ports in ever-increasing quantity. More-
over, live animals are admitted freely from certain

countries, provided such animals are slaughtered at the

place of landing. At Deptford, for example, large

numbers of cattle and sheep which thus arrive—mainly
from Argentina, Canada, and the United States—are at

once daughtered, and so furnish a steady supply of fresh-

killed beef and mutton. The animals which are shipped
in this way are necessarily of the best quality, because the

freight on a superior beast is no more costly than on an
inferior on^ and the proportion of freight to sale price is

therefore less. With this superior description of butchers’

stock all classes of home-grown stock—^good, bad, and
indifferent—^have, of course to compete. The Board of

Agriculture has Ihe power to close the ports of the United
Kingdom against live animals from any country in which
contagiotLS disease is known to exist. This accounts for

[united

the circumstance that so few countries—^none of them in

Europe—enjoy the privilege of sending live animals to

British ports. So recently as 1900, the discovery early in

that year of the existence of foot-and-mouth disease

amongst cattle and sheep shipped from Argentina to the

United Kingdom led to the issue of an order, by which
all British ports were closed against live animals from the

country named. This order came into force on 30th
April, and was still in operation a year later, with the

result that there was a marked decline in the shipments of

live cattle and sheep from the River Plate, but a decided

increase in the quantity of frozen meat sent thence to the

United Kingdom.
The last quarter of the 19th century witnessed an

important change in the attitude of public opinion towards
legislative control over the contagious diseases of animals.

"V^en, after the introduction of cattle plague or rinderpest

in 1865, the proposal was made to resort to the extreme

remedy of slaughter in order to check the ravages of a

disease which was pursuing its course with ruinous results,

the idea was received with public indignation and de-

nounced as barbarous. Views have undergone profound

modification since then, and the most drastic remedy has

come to be regarded as the most effective, and in the long

run the least costly. The Cattle Diseases Prevention Act,

1866 (29 & 30 Viet. c. 2), made compulsory the

slaughter of diseased cattle, and permitted the slaughter

of cattle which had been exposed to infection, compensa-

tion being provided out of the rates. The Act 30 & 31

Viet, c. 125, 1867, is of historical interest, in that it

contains the first mention of pleuro-pneumonia, and the

exposure in any market of cattle suffering from that dis-

ease was made an offence. The Contagious Diseases

(Animals) Act, 1869 (32 & 33 Viet. c. 70), revoked

all former Acts, and defined disease to mean cattle

plague, pleuro-pneumonia, foot-and-mouth disease, sheep-

pox, sheep-scab, and glanders, together with any disease

which the Privy Council might by order specify. The
principle of this Act in regard to foreign animals was
that of free importation, with power for the Privy Council

to prohibit or subject to quarantine and slaughter, as cir-

cumstances seemed to require. The Act of 1869 was at

that time the most complete measure that had ever been

passed for dealing with diseases of animals. The re-intro-

duction of cattle plague into England in 1877 led to the

passing of the Act 41 & 42 Vict. c. 74, 1878, which

repealed the Act of 1869, and affirmed as a principle the

landing of foreign animals for slaughter only, though free

importation or quarantine on the one hand and prohibition

on the other were provided for in exceptional circum-

stances. By an Order of Council which came into opera-

tion in December 1878, swine fever was declared to be a

disease for the purposes of the Act of that year. It was

not, however, till October 1886 that anthrax and rabies

were officially declared to be contagious diseases for the

purposes of certain sections of the Act of 1878. In 1884

the Act 47 <k 48 Vict. c. 13 empowered the Privy Council

to prohibit the landing of animals from any country in

respect of which the circumstances were not such as to

afford reasonable security against the introduction of foot-

and-mouth disease. After one or two other measures of

minor importance came the Act 53 <k 54 Vict. c. 14,

known as the Pleuro-pneumonia Act of 1890, which trans-

ferred the powers of local authorities to slaughter and pay

compensation in cases of pleuro-pneumonia to the Board

of Agriculture, and provided further for the payment of

such compensation out of money specifically voted by Par-

liament. This measure was regarded at the time as a

marked step in advance, and was only carried after a

vigorous campaign in its favour. In 1892, by the Act

AGRICULTURE
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55 k 56 Viet, c, 47, power was given to the Board of

Agriculture to use the sums voted on account of pleuro-

pneumonia for paying the costs involved in dealing with

foot-and-mouth disease; under this Act the Board could

order the slaughter of diseased animals and of animals

in contact with these, and could pay compensation for

animals so slaughtered. Under the provisions of the

Contagious Diseases (Animals) Act, 1893 (56 & 57 Viet,

c. 43) swine fever in Great Britain was, from 1st November
in that year, dealt with by the Board of Agriculture in

the same way as pleuro-pneumonia, the slaughter of

infected swine being carried out under directions from the

central authority, and compensation allowed from the

imperial exchequer. In 1894 was passed the Diseases of

Animals Act (57 k 58 Viet. c. 57), the word “ contagious ”

being omitted from the title. This was a measure to con-

solidate the Contagious Diseases (Animals) Acts, 1878 to

1893. In it “ the expression ‘ disease ’ means cattle plague

(that is to say, rinderpest, or the disease commonly called

cattle plague), contagious pleuro-pneumonia of cattle (in

this Act called pleuro-pneumonia), foot-and-mouth disease,

sheep-pox, sheep-scab, or swine fever (that is to say, the

disease known as typhoid fever of swine, soldier purples,

red disease, hog cholera or swine plague).” The Diseases

of Animals Act, 1896 (59 k 60 Viet. c. 15)—the last of

the series of such Acts passed in the 19th century

—

rendered compulsory the slaughter of imported live stock

at the place of landing, a boon for which British stock-

breeders had striven for many years. The ports in Great

Britain at which foreign animals may be landed are

Bristol, Cardiff, Glasgow, Hull, Liverpool, London, Man-
chester, and Newcastle-upon-Tyne. Animals from the

Channel Islands may be landed at Southampton.

The Diseases of Animals.

Under the Diseases of Animals Acts, 1894 and 1896,

weekly returns are issued by the Board of Agriculture of

outbreaks of anthrax, foot-and-mouth disease, glanders (in-

cluding farcy), pleuro-pneumonia, rabies, and swine fever in

the counties of Great Britain
;

also monthly returns of

outbreaks of sheep-scab. There is a popular notion that

tuberculosis is included amongst the diseases scheduled

under the Diseases of Animals Acts, but this is not (1901)
the case.

Cattle plague, or rinderpest, has not been recorded in

Great Britain since 1877. In that year there were 47
outbreaks distributed over five counties, and involving 263
head of cattle.

The course of foot-amd-rrioutli disease in Great Britain

between 1877 and 1900 inclusive is told in Table XXIL,

Table XXH,

—

Outbreaks of Foot-and-Mouth Disease in

Great Britain, 1877 to 1900.

Year. Counties. Outbreaks.

Animals attacked.

Cattle.
'

Sheep. Swine,
Other

Animals.

1877 55 858 5,640 7,405 2,099
1878 45 235 '912 8,609 245
1879 29 187 261 15,681 5
1880 88 1,461 20,918 9,572 1,886 2
1881 49 4,833 59,484 117,152 6,330 80
1882 49 1,970 23,973 11,412 2,564 1
1883 75 18,732 219,289 217,492 24,382 32
1884 55 949 12,186 14,174 1,860 1
1885 10 30 354 34 30
1886 1 1 10
1892 15 95 1,248 3,412 107
1893 2 2 30
1894 3 3 7 261
1900 9 21 214 60 2

from which the years 1887 to 1891 and 1895 to 1899,

both inclusive, are omitted, because there was no outbreak
during those periods. The disease is seen to have attained

its Tuaximum virulence in 1883.

Bheep-scah, a loathsome skin disease due to an acarian

parasite, is in a most unsatisfactory position in Great
Britain. Table XXIII. shows the number of outbreaks,

Table XXIII.—Outbreaks of Sheep-Scab in Great

Britain, 1877 to 1900.

Year. Counties. Outbreaks. Year. Counties. Outbreaks.

1877 77 3214 1889 75 1207
1878 75 2335 1890 75 1506
1879 83 2229 1891 80 2250
1880 70 1666 1892 82 2821
1881 77 2055 1893 86 2608
1882 78 2234 1894 84 2811
1883 73 1898 1895 88 3092
1884 73 1509 1896 79 3536
1885 69 1512 1897 80 2191
1886 74 1502 1898 79 2514
1887 75 1596 1899 79 2056
1888 72 1260 1900 78 1939

and the number of counties over which they were distri-

buted, in each year from 1877 to 1900. The outbreaks

are seen to have been more numerous in the decade of the

^nineties than in that of the 'eighties, though possibly this

may have been due to greater official activity in the later

period. The number of sheep attacked each year has

ranged between 68,715 in 1877 and 18,762 in 1888. It

is compulsory on owners to notify the authorities as to the

existence of scab amongst their sheep, but there is no
general or well-defined method of suppressing the disorder,

and the periodical dipping of sheep for the destruction of

the scab parasite is not obligatory. Each year the

disorder runs a similar course, the outbreaks dwindling to

a minirmm in the summer months, June to August, and
attaining a maximum in the winter months, December to

February. It is chiefly in the ‘‘ flying ” flocks and not in

the breeding flocks that the disease is rife, and it is so easily

communicable that a drove of scab-infested sheep passing

along a road may leave behind them traces sufficient to set

up the disorder in a drove of healthy sheep that may
follow. For its size and in relation to its sheep popula-

tion, Wales harbours the disease to a far greater extent

than the other divisions of Great Britain, as the follow-

ing numbers of outbreaks in the three years 1898 to 1900
serve to show :

—

Year, England. Wales. Scotland. Great Britain.

1898 1342 1038 135 2515
1899 1123 791 142 2056
1900 932 917 90 1939

Total, 3 years . 3397 2746 367 6510

Per cent. 52 43 5 100

The fatal disease known as anthrax did not form
the subject of official returns previous to the passing of

the Anthrax Order of 1886. Isolated outbreaks are of

common occurrence, and from the totals for Great Britain

given in Table XXIV. it would appear that there is

little prospect of the eradication of this bacterial dis-

order.

Glanders (including farcy) has been the subject, during

the twenty-four years 1877 to 1900, of outbreaks in Great

Britain ranging between a minimum of 518 in 1877 and

a maximum of 1657 in 1892 ;
in the former year 758

horses were attacked, and in the latter 300L A
recrudescence of the disease marked the closing years of

the 19th century, the outbreaks having been 748 in 1898,

853 in 1899, and 1119 in 1900. The counties of Great

Britain over which the annual outbreaks have been
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distributed have ranged between 24 in 1890 and 52 m
1879 As a matter of fact, however, the disease is

Table XXIV

—

Outbreaks of Anthrax tn Great Britain,

1887 to 1900

Year Counties Outbreaks

Animals attacked

Cattle Sheep Swine Horses

1887 51 236 415 37 184

1888 49 180 280 45 76

18891 45 167 236 4 69

1890 48 152 253 72 210

1891 50 226 300 15 156

1892 60 289 445 11 190

1893 2 68 563 833 108 313 46

1894 64 494 625 125 188 62

1895 66 434 604 158 140 32

1896 64 488 632 34 200 38

1897 1 67 433 521 39 284 38

1898 73 556 634 22 161 39

1899 67 534 634 69 253 30

1900 74 671 668 40 204 44

strongly centred upon the metropolitan area, more than

half of the outbreaks being reported from the county of

London alone

The Babies Order was passed in 1886, and the num-

ber of counties in Great Britain in which cases of rabies

in dogs have been reported m each subsequent year is

shown in Table XXV In addition there have been

some cases of rabies in ammals other than dogs The

disease was very rife in 1895, but the extensive apphca-

tion of the muzzhng restrictions of the Board of Agri-

culture was accompanied by so steady a diminution in the

Table XXV—Gases of Babies in Dogs in Great Britain,

1887 to 1900

Year Counties Oases Year Counties Oases

1887 28 217 1894 17 248

1888 19 160 1895 29 672

1889 20 312 1896 41 438

1890 20 129 1897 30 151

1891 17 79 1898 10 17

1892 12 38 1899 4
i

9

1893 18 93 1900 2 6

prevalence of the disease that it was thought the latter

had been extirpated The entire revocation of the

muzzhng order which accordingly followed proved, how-
ever, to be premature, and it became necessary to reimpose

it in the distncts where it had last been operative,

namely, certain parts of South Wales
Pl&urchpneimonia in Great Bntain was dealt with by

the local authorities up to the year 1890. Between 1870
and 1889 the annual outbreaks had ranged between a
minimum of 312 in 1884 and a mcucimum of 3262 in

1874, the largest number of cattle attacked in any one
year being 7983 m 1872 The largest number of counties

over which the outbreaks were distributed was 72 in

1873. On 1st September 1890, the Board of Agriculture

assumed powers with respect to pleuro pneumonia under
the Diseases of Ammals Act of that year Their adnums-
tration was attended by success, for from 192 outbreaks

in Great Bntam in 1891 the total fell to 35 in 1892, and
to nine in 1893, In the four subsequent years, 1893 to

1897, the outbreaks numbered two, one, two, and seven

respectively. In January 1898 an outbreak was dis

covered in a London cow-^ed. This proved to be the
last case m the 19th century of what at one time had
been a veritable scourge to cattle-owners, and a source of

hyeavy financial loss.

^ 1889 the aoimals Attacked minded 481 deer.
^ BeoGore 1898,. horses^ aeses, and mtdee were not included in the

weed AnSuLals^' m the Orders relating to anthr&x.

The record of swine fever in Great Britain is discouraging

Between 1879 and 1892 inclusive, the administration was
entrusted to local authorities The largest number of

outbreaks reported in any one of those years was 7926 in

1885, and the smallest 1717 in 1881 In 1893 the Board
of Agriculture took over the management, and Table
XXVI shows the number of counties in which swme fever

Table XXVI—Outh eaks ofSwine Fever in Great Britain,

1894 to 1900

Year Counties
Outbreaks
contirmed

Swine Slaughtered as Diseased
or as having been Exposed to

Infection
p

1894 73 5682 56,296
1895 73 6305 69,931
1896 77 5166 79,586
1897 74 2155 40,432
1898 72 2514 43,766
1899 71 i1 2322 30,797
1900 62

1

1940 17,933

existed, the number of outbreaks confirmed, and the

number of swine slaughtered by order of the Board in each

year since The trouble with this disease is mamly in

England, the outbreaks in Wales and Scotland being

comparatively few What are termed “Swine fever in

fected areas " are scheduled by the Board when and where

circumstances seem to require, and the movement of swine

within such areas is prohibited, much inconvenience to

trade resulting from restrictions of this kind Frequently,

moreover, the exhibition of pigs at agricultural shows has

to be abandoned m consequence of these swine fever

regulations
*

The Trade ih Live Stock between Ireland and
Great Britain.

The compulsory slaughter at the place of landing does

not extend to animals shipped fiom Ireland into Great

Britain, and this is a matter of the highest importance to

Irish stockbreeders, who find their best market close at

hand on the east of St George^s Channel Table XXVII

Table XXVII

—

Imports of Live Stock ftom Ireland into

Great Britain, 1891 to 1900

shows the numbers of cattle, sheep, and pigs shipped from

Ireland into Great Britain in each of the ten years 1891

to 1900, the numbers of horses similarly shipped being

also indicated On the average rather more than halt

the total of cattle is made up of store animals for fattening

or breeding purposes, the fattening of Irish stores being a

business of considerable magnitude in Norfolk and other

counties Calves constitute about one twelfth of the

total number of cattle Most of the pigs sent from Ireland

into Great Britain are fat, the store pigs accounting for

less than one-tenth of the total number The returns

from Ireland under the Diseases of Animals Acts, 1894

and 1896, are less significant than those of Great Britain

Thus, m 1900, they included 2 outbreaks of anthrax,

10 of glanders, 233 of swine fever, and 545 of sheep scab,

together with 15 cases of rabies Compared with the

export trade in live stock from Ireland to Great Britain
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tlie reciprocal trade from Great Britain to Ireland is small,

and is largely restricted to animals for breeding purposes.

OwiDg to the reappearance of foot-and-mouth disease in

Great Britain early in 1900 the importation of cattle, sheep,

goats, and swine therefrom into Ireland was temporarily

suspended by the authorities in the latter country.

Exports of Animals from the United Kingdom.

The general export trade of the United Kingdom in

living animals represents an aggregate average annual

value, over the five years 1896 to 1900, of iSl,01 7,000.

To this sum of rather more than one million sterling

the value of horses alone contributes three-fourths, Belgium

taking more than half the number of exported horses.

The export trade in cattle, sheep, and pigs is practically

restricted to pedigree animals required for breeding pur-

poses, and though its aggregate value is not large it is of

considerable importance to stockbreeders, as it is a frequent

occurrence for buyers for export—^to Argentina, Australasia,

Canada, the United States, and elsewhere—to bid freely at

the sale rings, and often to pay the highest prices, thus

stimulating the sales and encouraging the breeding of

the best types of native stock. Details for the five years

1896 to 1900 are summarised in Table XXVIII.

Table XXVIII.

—

Qimntities and Values ofHome-hred Live
Stock exportedfrom the United Kingdom^ 1896 to 1900.

Year Horses Cattle. Sheep. Pigs. Other
Animals

No. No. No No. No.
1896 29,414 4,369 9,512 359 31,151
1897 34,471 3,776 11,569 214 42,654
1898 36,412 2,861 10,224 434 57,376
1899 33,701 2,979 7,586 938 56,381
1900 30,545 2,784 5,044 440 73,692

£ £ & £ £
1896 671,332 122,004 107,507 2847 38,123
1897 825,246 119,518 141,714 1700 43,744
1898 842,106 94,414 i 120,310 3231 43,923
1899 757,079 118,294

,

78,103 5281 43,723
1900 680,948 120,042 54,799 8052 45,100

Crops and Cropping.

The greater freedom of cropping and the less close

adherence to the formal system of rotation of crops, which
characterized the later years of the 19th century, rest upon
a scientific basis. Experimental inquiry has done much to

enlighten the farmer as to the requirements of plant-life,

and to enable him to see how best to meet these require-

ments in the case of field crops. He cannot afford to

ignore the results that have been gradually accumulated

—

the truths that have been slowly established—at the agri-

cultural experiment stations in various parts of the world.
Of these stations the greatest, and the oldest now existing,

is that at Kothamsted, Harpenden, Herts, England; and

Rotbam-
expedient before discussing the lessons

sted, which Rothamsted has taught, to refer briefly to

the origin and scope of the work of a centre of
investigation the name of which is known and honoured
in all countiies where progressive agriculture is practised.
The agricultural experiment station at Rothamsted was
founded in 1843 by the late Sir John Bennet Dawes, and
maintained at his own expense ; whilst he made provision
for its continuance by putting in trust during his lifetime
^£100,000, the laboratories, and certain areas of land,
which since 1S89 liave been administered by the Lawes
Agricultural Trust Committee, Sir J. Henry Gilbert
became associated with Sir John Lawes in 1843 as director
of the chemical laboratory, and the collaboration thus com-
menced was terminated only by the death of the founder
on 3l8t August 1900, The results of more than half a

199
centuiy ot sustained experimental inquiry have been com-
municated to the world by Lawes and Gilbert in about
130 separate papers or reports, many of which were pub-
lished, from 1847 onwards, in the Jov/rnal of the Royal
Agricultural Society of England,
Two main lines of inquiry have been followed, the one

relating to plants, the other to animals. In the case of
plants the method of procedure has been to grow some of
the most important crops of rotation, each separately year
after year, for many years in succession on the same land,
(a) without manure, (6) with farmyard manure, and (c)

with a great variety of chemical manures ; the same
description of manure being, as a rule, applied year after

year on the same plot. Exxieriments on an actual course
of rotation, without manure, and with different manures,
have also been made. "Wheat, barley, oats, beans, clover,

and other leguminous plants, turnips, sugar beet, mangels,
potatoes, and grass crops have thus been experimented
upon. Incidentally there have been extensive sampling
and analysing of soils, investigations into rainfall and the
composition of drainage waters, inquiries into the amount
of water transpired by plants, and experiments on the
assimilation of free nitrogen.

Amongst the field experiments there is, perhaps, not one
of more universal interest than thar in which wheat has
been grown for fifty-seven years in succession, (a) without
manure, {b) with farmyard manure, and (c) with various
artificial manures. The results show that, unlike legumin-
ous crops such as beans or clover, wheat may be success-

fully grown for many years in succession on ordinary
arable land, provided suitable manures be applied, and the
land be kept clean. Even without manure, the aver-

age produce over forty-six years, 1852-97, was nearly
thirteen bushels per acre, or more than the average yield
of the whole of the United States of America, including
their rich prairie lands—in fact, about the average yield
per acre of the wheat lands of the whole world. Mineral
manures alone give very httle increase, nitrogenous manures
alone considerably more than mineral manures alone, but
the mixture of the two considerably more than either

separately. In one case, indeed, the average produce by
mixed mineral and nitrogenous manure was more than that
by the annual application of farmyard manure

;
and in

seven out of the ten cases in which such mixtures were
used the average yield per acre was from over two to over
eight bushels more than the average yield of the United
Kingdom (assuming this to be about twenty-eight bushels
of 60 R) per bushel) under ordinary rotation. It is

estimated that the reduction in yield of the unmanured
plot over the forty years, 1852-91, after the growth of the
crops without manure during the eight preceding years,

was, provided it had been uniform throughout, equivalent
to a dechne of one-sixth of a bushel from year to year due
to exhaustion—^that is, irrespectively of fluctuations due to

season. It is related that a visitor from the United
States, talking to Sir John Lawes, said, ** Americans have
learnt more from this field than from any other agricul-

tural experiment in the world.”

Another field experiment of singular interest is that
relating to the mixed herbage of permanent meadow, for

which seven acres of old grass land were set apart in

Rothamsted Park in 1856. Of the twenty plots into

which this land is divided, two have been left without
manure from the commencement, two received ordinary

farmyard manure for a series of years, whilst the remainder
have each received a different description of artificial or

chemical manure, the same being, except in special cases,

applied year after year on the same plot. Ho one can
inspect this field during the growing season without being

impressed by the striking evidence it affords of the influence
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of different manurial dressings. So much, indeed, does the

character of the herbage vary from plot to plot that the

effect may fairly be described as kaleidoscopic. Bepeated

analyses have shown how greatly both the botanical

constitution and the chemical composition of the mixed

herbage vary according to the description of manure

applied. They have further sho^vn how dominant is the

inhuence of season. Such, moreover, is the influence of

different manures that the gross produce of the mixed

herbage is totally different on the respective plots accord-

ing to the manure employed, both as to the proportion

of the various species composing it, and as to their con-

dition of development and maturity.

The experiments with farm animals began in 1847, and

amongst the points that have been investigated are the

following:—(1) The amount of food, and of its several

constituents, consumed {d) in relation to a given live weight

of animal within a given time, (h) to produce a given

amount of increase in hve weight. (2) The proportion and

relative development of the different organs, or parts, of

different animals. (3) The proximate and ultimate com-

position of the animals in different conditions as to age and
fatness, and the probable composition of their increase in

live weight during the fattening process. (4) The com-

position of the solid and liquid excreta (the manure) in

relation to that of the food consumed. (5) The loss or

expenditure of constituents by respiration and the cutane-

ous exhalations—that is, in the mere sustenance of the

living meat-and-manure-making machine. (6) The yield

of milk in relation to the food consumed to produce it

;

and the influence of different descriptions of food on the

quantity and on the composition of the milk.

Incidentally, the results obtained from these inquiries

have furnished data essential to the consideration of such

problems as (<x) the sources in the food of the fat produced

in the animal body
;

(h) the characteristic demands of the

animal body—for nitrogenous or non-nitrogenous constitu-

ents of food—^in the exercise of muscular power
;

(c) the

comparative characters of animal and vegetable food in

human dietaries.

In proceeding to discuss the various classes of crops, it

will be convenient to deal with them under the three

separate heads of root-crops, cereal crops, and leguminous

crops, and then to inquire into their inter-relations when
grown in rotation.

Boot-Crops,— Experiments upon root-crops— chiefly

white turnips, Swedish turnips (swedes), and mangels— have resulted in the estabhshment of the following

conclusions. Both the quantity and the quality of the

produce, and consequently its feeding value, must depend
greatly upon the selection of the best description of

roots to be grown, and on the character and the amount
of the manures, and especially on the amount of nitro-

genous manure employed. At the same time, no hard
and fast rules can be laid down concerning these points.

Independently of the necessary consideration of the general

economy of the farm, the choice must be influenced partly

by the character of the soil, but very much more by that

of the climate. Judgment founded on knowledge and
aided by careful observation, both in the field and in the

feeding-shed, must be rehed upon as the guide of the
practical fanner. Over and above the great advantage
arising from the opportunity which the growth of root-

crops affords for the cleaning of the land, the benefits of

growing the root-crop in rotation are due (1) to the large

amount of manure applied for its growth, (2) to the large

residue of the manure left in the soil for future crops, (3)
to the large amount of matter at once returned as manure
again in the leaves, (4) to the large amount of food pro-

[UNITEU

duced, and (5) to the small proportion of the most import-
ant manurial constituents of the roots which is retained

by store or fattening animals consuming them, the rest

returning as manure again
;
though, when roots are con-

sumed for the production of milk, a much larger propor-

tion of the constituents is lost to the manure.

Cereal Crops—Barley and Wheat,—Experiments upon
the growth of barley for nearly fifty years in succession

on rather heavy ordinary arable soil have resulted in show-
ing that the produce by mineral manures alone is larger

than that without manure; that nitrogenous manures
alone give more produce than mineral manures alone

; and
that mixtures of mineral and nitrogenous manure give

much more than either used alone—generally twice, or

more than twice, as much as mineral manures alone. Of
mineral constituents, whether used alone or in mixture
with nitrogenous manures, phosphates are much more
effective than mixtures of salts of potash, soda, and mag-
nesia. The average results show that, under all conditions

of manuring—excepting with farmyard manure—^the pro-

duce was less over the later than over the earlier periods

of the experiments, an effect partly due to the seasons.

But the average produce over forty years of continuous

growth of barley was, in all cases where nitrogenous

and mineral manures (containing phosphates) were used

together, much higher than the average produce of the

crop grown in ordinary rotation in the United Kingdom,
and very much higher than the average in most other

countries when so grown. The requirements of barley

within the soil, and its susceptibility to the external

influences of season, are very similar to those of its near

ally, wheat. Nevertheless, there are distinctions of result

dependent on differences in the habits of the two plants,

and in the conditions of their cultivation accordingly.

Wheat is, as a rule, in the British Isles sown in the

autumn on a heavier soil, and has four or five months in

w-hich to distribute its roots, and so it gets possession of a
wide range of soil and subsoil before barley is sowm in the

spring. Barley, on the other hand, is sown in a lighter

surface soil, and, with its short period for root-develop-

ment, relies in a much greater degree on the stores of

plant-food within the surface soil. Accordingly, it is more

susceptible to exhaustion of surface soil as to its nitrogen-

ous, and especially as to its mineral suppHes
;
and in the

common practice of agriculture it is found to be more

benefited by direct mineral manures, especially phosphatic

manures, than is wheat when sown under equal soil con-

ditions. The exhaustion of the soil induced by both

barley and wheat is, however, characteristically that of

available nitrogen
;
and when, under the ordinary condi-

tions of manuring and cropping, artificial manure is still

required, nitrogenous manures are, as a rule, necessary for

both crops, and, for the spring-sown barley, superphosphate

also. Although barley is appropriately grown on lighter

i soils than wheat, good crops, of fair quality, may he grown

on the heavier soils after another grain crop by the aid of

I artificial manures, provided that the land is sufficiently

I

dean.

Legmwmous Crops and the Acquisition of Nitrogen.

—

The fact that the growth of a leguminous crop, such as

red clover, leaves the soil in a higher condition for the

subsequent growth of a grain crop—^that, indeed, the

growth of such a leguminous crop is to a great extent

equivalent to the application of a nitrogenous manure for

the cereal crop—was in effect known ages ago. The

Bomans recognized it two thousand years since, for Varro

Writes, “ Certain things are to be sown, not with the hope

of any immediate profit being derived from them, but

with a view to the following year, because being ploughed

in and then left in the ground, they render the soil after-

AGRICULTURE



#iii

Welsh Mountain Riai, ^‘Helo II,”

1st Piize, Rojil Agiicultiiral feiocietj s Shows, Maidstone, 1809 Yoik, IQOO The propeity of, and hied hj, Mr. J. MiishalL Dugdale,
Llwyn, Llanfyllin, Montgomeryshiie.

Photo ly C. Reid, lV%$}iaw, N B
Welsh Mountain Ewes.

1st Prize, Royal Agiicultural Societj s Show, Maidstone, 1800 The property of, and bred by, Mr J. Marshall Dngdale,
Llwyn, Llanfjllm, Montgomeryshire.



PLATE

18

P/ioio

hy

J
T

Nev

man,

BerlTiamsteiT

Photo

by

C

Ileid,

IT

%

7iaw,

Pf

L

Eorstt

Houn^ri)

Ej

vr

ivi

vein

Pvvr

‘JvT>.nvT

Isfc

Prize,

Ro\al

\gric\iltnr'il

^ociotv

s

sIiom

Al'iiclstone,

ISOO

Tlir

piopcity

of,

iiul

bred

by,

l-it

Pnz<

iml

nftlci

Air

j
ii

i

sb

w

iv,

n

ib

ju

tj

ifi

#
Ali



kingdom] AGRICULTURE 201

wards more fruitful ”
; and the plants used for this purpose

were lupins, beans, vetches, and other leguminous species.

Nevertheless, it was not till near the approach of the

closing decade of the 19th century that the explanation of

this long-established point of agricultural practice was

forthcoming. It was in the year 1886 that Hellriegel and

Wilfarth first published in Germany the results of investi-

gations in which they demonstrated that through the

agency of micro-organisms dwelling in nodular outgrowths

on the roots of ordinary leguminous plants the latter are

enabled to assimilate the free nitrogen of the air. The

existence of the root nodules had long been recognized,

but hitherto no adequate explanation had been afforded

as to their function.

Since HellriegeTs striking discovery farm crops have

been conveniently classified as nitrogen-accumulating and

nitrogen-consuming. To the former belong the ordinary

leguminous crops—the clovers, beans, peas, vetches or

tares, sainfoin, lucerne, for example—wMch obtain their

nitrogen from the air, and are independent of the applica-

tion of nitrogenous manures, whilst in their roots they

accumulate a store of nitrogen which will ultimately

become available for future crops of other kinds. It is,

in fact, fully established that these leguminous crops

acquire a considerable amount of nitrogen by the fixation

of the free nitrogen of the atmosphere under the influence

of the symbiotic growth of their root-nodule-microbes and
the higher plant. The cereal crops (wheat, barley, oats,

rye, maize)
;
the cruciferous crops (turnips, cabbage, kale,

rape, mustard)
;

the solanaceous crops (potatoes)
;

the

chenopodiaceous crops (mangels, sugar beets), and other

non-leguminous crops have, so far as is known, no such

power, and are therefore more or less benefited by the

direct apphcation of nitrogenous manures. The field

experiments on leguminous plants at Rothamsted have
shown that land which is, so to speak, exhausted so far as

the growth of one leguminous crop is concerned, may still

grow very luxuriant crops of another plant of the same
natural order, but of different habits of growth, and espe-

cially of different character and range of roots. This

result is doubtless largely dependent on the existence, the

distribution, and the condition of the appropriate microbes

for the due infection of the different descriptions of plant,

for the micro-organism that dwells symbiotically with one
species is not identical with that which similarly dwells

with another. It seems certain that success in any system
involving a more extended growth of leguminous crops in

rotations must be dependent on a considerable variation

in the description grown. Other essential conditions of

success will commonly include the liberal application of

potash and phosphatic manures, and sometimes chalking
or liming for the leguminous crop. As to how long the

leguminous crop should occupy the land, the extent to

which it should be consumed on the land, or the manure
from its consumption be returned, and under what con-
ditions the whole or part of it should be ploughed in

—

these are points which must be decided as they arise in
practice. It seems obvious that the lighter and poorer
soils would benefit more than the heavier or richer soils

by the extended growth of leguminous crops.

Remarkable as Hellriegers discovery was, it merely
furn^ed the explanation of a fact which had been
empirically established by the husbandman long before,
and had received most intelligent application when the old
four-course (or Norfolk) rotation was devised. But it

gave some impetus to the practice of green manuring with
leguminous crops, which are equally capable with such a
crop as mustard of enriching the soil in humus, whilst in
addition they bring into the soil from the atmosphere a
quantity of nitrogen available for the use of subsequent

crops of any kind. In Canada and the United States this

rational employment of a leguminous crop for ploughing
in green is being largely resorted to for the amelioration of

worn-out wheat lands and other soils, the condition of

which has been lowered to an unremunerative level by
the repeated growth year after year of a cereal crop. The
well-known paper of Lawes, Gilbert, and Pugh (1861), “On
the Sources of the Nitrogen of Vegetation, with special

Reference to the Question whether Plants assimilate free or

uncombined Nitrogen,” answered the question referred to

in the negative. The attitude now taken up with regard

to this problem is set forth in the following words, which
are quoted from the Memoranda of the Rothamsted
Experiments, 1900 (p. 7) :

—

Experiments were commenced m 1857, and conducted for seveial

years in succession, to determine whether plants assimilate free or
uncombined nitrogen, and also various collateral points. Plants
of the gramineous, the leguminous, and of other families, were
operated upon. The late Dr Pugh took a prominent part in this

mquiry. The conclusion arrived at was that our agricultural

plants do not themselves directly assimilate the free nitrogen of the
air by their leaves.

In recent years, however, the question has assumed quite a new
aspect. It now is—whether the free nitrogen of the atmosphere is

brought into combination under the mfluence of nucro-organisms,
or other low forms, either withm the soil, or in symbiosis with a
higher plant, thus serving indirectly as a source of nitrogen to
plants of a higher order. Considering that the results of Hellriegel

and Wilfarth on this point were, if confirmed, of great significance

and importance, it was decided to make experiments at Rothamsted
on somewhat similar lines. Accordingly, a prehmmary senes was
undertaken in 1888 ; more extended senes were conducted in 1889
and in 1890 ;

and the investigation was continued up to the com-
mencement of the year 1895. Further experiments relatmg to
certam aspects of the subject were commenced in 1898, and are

still in progress. The results have shown that, when a soil ^ow-
ing leguminous plants is infected with appropriate organisms,
there is a development of the so-called leguminous nodules on the
roots of the plants, and coincidently, mcreased growth, and gam
of nitrogen.

The Rotation of Crops,—Although many different rota-

tions of crops are practised, they may for the most part

be considered as little more than local adaptations of the

system of alternating root-crops and leguminous crops

with cereal crops, as exemplified in the old four-course

rotation—^roots, barley, clover, wheat. The rotations

extending to five, six, seven, or more years are, in most
cases, only adaptations of the principle to variations of

soil, altitude, aspect, climate, markets, and other local

conditions. They are effected chiefly by some alteration

in the description of the root-crop, and perhaps by the

introduction of the potato crop
; by growing a different

cereal, or it may be more than one cereal consecutively

;

by the growth of some other leguminous crop than clover,

or the intermixture of grass seeds with the clover, and
perhaps by the extension of the period allotted to this

member of the rotation to two or more years. Whatever
the specific rotation, there may in practice be deviations

from the plan of retaining on the farm the whole of the

root-crops, the straw of the graiu crops, and the leguminous

fodder crops (clover, vetches, sainfoin, &c.), for the pro-

duction of meat or milk, and, coincidently, for that of

manure to be returned to the land. It is equally true

that, when under the influence of special local or other

demand—^proximity to towns, easy railway or other com-

munication, for example—^the products which would
otherwise be retained on the farm are exported from it,

the import of town or other manures is generally an
essential condition of such practice. This system of free

sale, indeed, frequently involves full compensation by pur-

chased manures of some kind. Such deviations from the

practice of merely selling grain and meat off the farm have

much extended in recent years, and will probably continue

i to do so under the altered conditions of British agricul-
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ture, determined by very large imports of grain, increasing

imports of meat and of other products of stock-feeding,

and very large imports of cattle-food and other agricultural

produce. More attention is thus being devoted to dairy

produce, not only on grass farms, but on those that are

mainly arable.

The benefits that accrue from the practice of rotation

are well illustrated in the results obtained from the investi-

gations at Eothamsted into the simple four-course system,

which may fairly be regarded as a self-supporting system.

Eeference may first be made to the important mineral

constituents of different crops of the four-course rotation.

Of ^phosphoric acid^ the cereal crops take up as much as, or

more than, any other crops of the rotation, excepting

clover
j
and the greater portion thus taken up is lost to

the farm in the saleable product—^the grain. The

remainder, that in the straw, as well as that in the roots

and the leguminous crops, is supposed to be retained on

the farm, excepting the small amount exported in meat and
milk, Of potash^ each of the rotation crops takes up very

much more than of phosphoric acid. But much less potash

than phosphoric acid is exported in the cereal grains, much

[united

more being retained in the straw, whilst the other products
of the rotation—^the root and leguminous crops—^which are
also supposed to be retained on the farm, contain very
much more potash than the cereals, and comparatively
little of it is exported in meat and milk. Thus, the whole
of the crops of rotation take up very much more of potash
than of phosphoric acid, whilst probably even less of it is

ultimately lost to the land. Of Iwie^ very little is taken
up by the cereal crops, and by the root-crops much less

than of potash
;
more by the leguminous than by the other

crops, and, by the clover especially, sometimes much more
than by all the other crops of the rotation put together.

Very little of the lime of the crops, however, goes off m the
saleable products of the farm in the case of the self-

supporting rotation under consideration. Although, there-

fore, different, and sometimes very large, amounts of these
typical mineral constituents are taken up by the various

crops of rotation, there is no material export of any in the
saleable products, excepting of phosphoric acid arid of
potash; and, so far at least as phosphoric acid is con-
cerned, experience has shown that it may be advantageously
supplied in purchased manures.

AGRICULTURE

Table XXIX.

—

The Weight amd Average Composition of Ordinary GropSy m Fownds per Acre,

Crop.

Weight of Crop. Total
Pure
Ash

Nitro-
gen.

Sul-
phur.

Potash. Soda. Lime.
Mag-
nesia

Phos-
phoric
Acid.

Chlor-
ine

Silica.
At

Harvest.
Dry.

Wheat, grain, 30 bushels 1,800 1530 30 34 2-7 9*3 0*6 1*0 3*6 14*2 0*1 0*6

,, straw 3,158 2653 142 16 5-1 19*5 2*0 8*2 3*5 6*9 2*4 96*3

Total crop . 4,958 4183 172 50 7*8 28*8 2*6 9*2 7*1 21*1 2*5 96*9

Barley, grain, 40 bushels 2,080 1747 46 35 2*9 9*8 1*1 1*2 4*0 16-0 0*5 11*8

,, straw 2,447 2080 111 14 3-2 25*9 3*9 8*0 2*9 4*7 3*6 56*8

Total crop . 4,527 8827 157 49 6-1 35*7 5*0 9*2 6*9 20-7 4*1 68*6

Oats, gram, 45 bushels

.

1,890 1625 51 34 3-2 9*1 0*8 1*8 3*6 13*0 0*5 19*9

,, straw .... 2,835 2353 140 18 4-8 37-0 4*6 9*8 5*1 6*4 6*1 65*4

Total crop . 4,725 3978 191 52 8-0 46*1 5*4 11*6 8*7 19*4 6*6 85*8

Maize, grain, 30 bushels 1,680 1500 22 28 1-8 6*5 0*2 0*5 3*4 10*0 0*2 0*5

,, stalks, &c., 2,208 1877 99 15 29 8 . 8*0

Total crop . 3,888 3377 121 43 36*3
1

18*0

Meadow hay, ton 3,360 2822 203 49
1

5*7 50*9 32*1 14*4 1—1 14*6 56-9

Eed Glover hay, 2 tons 4,480 3763 258 98 9-4 83*4 5*1 90*1 28*2 24*9 9*8 7-0

Beans, grain, 30 bushels 1,920 1613 58 78 4*4 24*3 0*6 2*9 4*2 22*8 1*1 0*4

5 ,
straw 2,240 1848 99 29 4*9 42*8 1*7 26*3 5*7 6*3 4*3 6*9

Total crop . 4,160 3461
!

157 107 9*3 67-1 2*3 29*2 9*9 29*1 5*4 m
Turnips, root, 17 tons . 3126 218 61 15*2 108*6 17-0 25*5 5*7 22*4 10*9 2*6

„ leaf ... 11,424 1531 146 49 5*7 40*2 7*5 48*5 3*8 10-7 n-2 5T

Total crop , 9*5 33*1 22*1 7*7

Swedes, root, 14 tons . 31,360 3349 163 70 14*6 63*3 22*8 19-7 6*8 16*9 6*8 3*1

„ leaf.... 4,704 706 75 28 3*2 16*4 9*2 22-7 2*4 4*8 8*3 3*6

Total crop . 36,064 4055 238 17-8* 79-7 32*0 42*4 9*2 21-7 15*1 6*7

Mangels, root, 22 tone . 49,280 5914 426 98 4*9 222*8 69*4 15*9 18*3 36*4 42*5 8*7

„ leaf . . . 18,233 1654 254 51 9*1 77-9 49*3 27-0 24*2 16*5 40*6 9*2

Total crop . MMHEhSHI
149 14*0 300-7 118*7 42-9 42*5 52*9 83*1 17*9

Potatoes, tubers, 6 tons 13,440 3360 127 46 2-7 76-5 3*8 3*4 6*3 21*5 4*4 2*6

^ Calculated from a aingle analysis only.

Of ndtrogm, the cereal crops take up and retain much
less than any of the (arops alternaMi with them, notwith-

atahding the circumstance that the cereals are very

characteristicaUy benefited by nitrogenous manures. The
root-crops, indeed, may contain two, or more, times as

much nitrogen as either of the cereals, and the leguminous
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cropSj especially the clover, much more than the root-crops, live weight of animal within a given time, and for the pro-

The greater part of the nitrogen of the cereals is, however, duction of a given amount of increase, is, as current food-

sold off the farm ;
but perhaps not more than 10 or 15 stuffs go, measurable more by tbe amounts they contain of

per cent, of that of either the root-crop or the clover (or digestible and available non-nitrogenous constituents than
other forage leguminous crop) is sold off in animal increase by the amounts of the digestible and available nitrogenous

or in milk. Most of the nitrogen in the straw of the constituents they supply. The non-nitrogenous substance

oereals, and a very large proportion of that of the much (the fat) in the increase in live weight of an animal is, at

more highly nitrogen-yielding crops, returns to the land as any rate in great part, if not entirely, derived from the

manure, for the benefit of future cereal and other crops, non-nitrogenous constituents of the food. Of the nitro-

As to the source of the nitrogen of the root-crops—^the so- genous compounds in food, on the other hand, only a

oalled “restorative crops’^—^these are as dependent as any small proportion of the whole consumed is finally stored

crop that is grown on available nitrogen within the soil, up in the increase of the animal—^in other words, a very

which IS generally supphed by the direct application of large amount of nitrogen passes through the body beyond
nitrogenous manures, natural or artificial. Under such that which is finally retained in the increase, and so

conditions of supply, however, the root-crops, gross feeders remains for manure. Hence it is that the amount of food

as they are, and distributing a very large extent of fibrous consumed to produce a given amount of increase in live

feeding root within the soil, avail themselves of a much weight, as well as that required for the sustentation of a

larger quantity of the nitrogen supphed than the cereal given live weight for a given time, should—provided the

crops would do in similar circumstances. This result is food be not abnormally deficient in nitrogenous substance

partly due to their period of accumulation and growth —^be characteristically dependent on its supplies of digest-

extending even months after the period of collection by ible and available non-nitrogenous constituents. It has

the ripening cereals has terminated, and at the season further been shown that, in the exercise of force by

when nitrification within the soil is most active, and the animals, there is a greatly increased expenditure of the

accumulation of nitrates in it is the greatest. When a non-nitrogenous constituents of food, but little, if any, of

full supply of both nuneral constituents and nitrogen is at the nitrogenous. Thus, then, ahke for maintenance, for

command, these root-crops assimilate a very large amount increase, and for the exercise of force, the exigencies of

of carbon from the atmosphere, and produce, besides the system are characterized more by the demand for the

nitrogenous food materials, a very large amount of the digestible non-nitrogenous or more specially respiratory

carbohydrate sugar, as respiratory and fat-forming food for and fat-forming constituents than by that for the nitrogen-

the hve stock of the farm. The stiU more highly nitro- ous or more specially flesh-forming ones. Hence, as

genous leguminous crops, although not characteristically current fattening food-stuffs go—assuming, of course, that

benefited by nitrogenous manures, nevertheless contribute they are not abnormally low in the nitrogenous constitu-

much more nitrogen to the total produce of the rotation ents—^they are, as foods, more valuable in proportion to

than any of the other crops comprised in it. It is the their richness in digestible and available non-nitrogenous

leguminous fodder crops—especially clover, which has a than to that of their nitrogenous constituents. As, how-
much more extended period of growth, and much wider ever, the manure of the animals of the farm is valuable

range of collection within the soil and subsoil, than any of largely in proportion to the nitrogen it contains, there is,

the other crops of the rotation—^that yield in their produce so far, an advantage in giving a food somewhat rich in

the largest amount of nitrogen per acre. Much of this nitrogen, provided it is in other respects a good one, and,

is doubtless taken up as nitrate, yet the direct applica- weight for weight, not much more costly,

tion of nitrate of soda has comparatively little beneficial In Table XXX., which underwent revision in 1885, and
influence on their growth. The nitric acid is most likely was adopted as trustworthy in 1897, is shown the average

taken up chiefly as nitrate of hme, but probably as nitrate composition, both per cent, and per ton, of all the leading

of potash also, and it is significant that the high nitrogen- cattle-foods. It is obvious that, in the case of almost

yielding clover takes up, or at least retains, very little soda, every one of the articles enumerated, individual samples

Table XXIX. from Warington’s Chemistry of the Farm may vary even considerably from the average. In foods

will serve to illustrate the subjects that have been discussed which are manufactured or imported the percentage of

in this section. dry matter is usually high. In those which may be either

It is not only the conditions of growth, but the uses to imported or home-grown, the variations in the percentage

which the different crops are put, that have to be con- of dry matter in different samples may be comparatively

sidered in the case of rotation. Thus the cereal crops, wide, it being as a rule distinctly higher in the imported
when grown in rotation, yield more produce for sale in the articles, which could not be shipped unless in a drier con-

season of growth than when grown continuously. More- dition than is usual with the home-grown product. In
over, the crops alternated with the cereals accumulate very such cases the imported food will probably contain a
much more of mineral constituents and of nitrogen in their higher, or the home-grown one a lower, percentage of dry
produce than do the cereals themselves. By far the matter than the average given in the table. Hence the

greater proportion of those constituents remaias in cir- figures as tabulated need to be adopted or modified with
culation in the manure of the farm, whilst the remainder judgment, havmg regard to the influence of the conditions

yields highly valuable products for sale in the forms of of growth, maturity, preparation, or preservation to which
meat and milk. With a variety of crops, again, the the foods have been subject. Unless, however, the varia-

mechanical operations of the farm, involving horse and tion from the standard composition adopted in the table

hand labour, are better distributed over the year, and are be more than usual, the effect on the estimates of the

therrfore more economically performed. The opportunities manure value—^for which the table is primarily intended

—

which rotation cropping affords for the cleaning of the will not be material, though it wiU obviously be much
land from weeds is another distinct element of advantage, greater in the case of the nitrogen than in that of either

_ the phosphoric acid or the potash. The table is useful for
ISE iTEEDiNG OP Antoals, akd THE Manxjeial Value purposes of comparison—^for example, one ton of decor-

op Dippeeeht Foods. ticated cotton cake contains about four times as mudi
In the feeding experiments at Eothamsted it has been nitrogen as a ton of maize, wheat, or barley, and thirty

fihown that the amount of food consumed, both for a given times as much as a ton of mangel wurzels.
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Table XXX.

—

Average Govipodtion, Per Cent, and Per Ton^ of Cattle Foods.

Per Cent. Per Ton.

Foods. Dry-
Matter.

Nitro-
gen.

Mineral
Matter
(Ash).

Phos-
phone
Acid.

Potash. Nitrogen.
Phos-
phoric
Acid.

Potash

1. Linseed
2. Linseed cake

3. Decoiticated cotton

cake .

4. Palm nut cake

5. Undecorticated cotton

cake .

6. Cocoa-nut cake

7. Rape cake .

Per cent.

90-00

88-

50

90-

00

91-

00

87-00

90-00

89-

00

Per cent.

3-

60

4-

75

6-60

2-

50

3-

75

3-

40

4-

90

Per cent.

4 00
6-50

7*00

3 60

6*00

6-00

7*50

Per cent.

1-

54

2-

00

3-10

1*20

2-00

1-40

2*50

Per cent.

1*37

1-

40

2-

00

0-

50

2-00

2-00

1-

50

tt>

80-64
106-40

147-84

56-00

84-00

76-16
109-76

lb

34-50
44*80

69-44

26-88

44-80

31-36
56-00

ft>

30-

69

31-

36

44*80

11*20

44*80

44*80

33*60

8. Peas 86 00 3*60 2*50 0-85 0 96 80-64 19-04 21*50

9. Beans . 85-00 4-00 3*00 1-10 1-30 89-60 24-64 29*12

10. Lentils

.

88*00 4*20 4*00 0 75 0-70 94-08 16*80 15*68

11. Tares (seed) . 84*00 4*20 2*50 0-80 0-80 94-08 17-92 17-92

12. Maize . 88 00 1-70 1-40 0 60 0 37 38-08 13-44 8*29

13. Wheat . 85*00 1*80 1'70 0-85 0*63 40-32 19-04 11-87

14. Malt . 94 00 1-70 2 50 0-80 0-50 38-08 17-92 11*20

15. Barley . 84*00 1*65 2*20 0-75 0 66 36-96 16-80 12*32

16. Oats 86 00 2*00 2*80 0*60 0-50 44-80 13-44 11-20

17. Rice meaP .

18. Locust beans ^

90*00

85 00

1*90

1*20

7*60
2*50

(0-60) (0-37) 42-56
26-88

(13-44) (8-29)

19. Malt coombs

.

90 00 3*90 8*00 2*00 2-00 87*36 44-80 44*80

20. Fme pollard

.

86*00 2-45 5*50 2*90 1-46 54-88 64-96 32-70

21, Coarse pollard 86*00 2-50 6*40 3*50 1-50 56-00 78-40 33-60

22. Bian . 86 00 2*50 6*50 3*60 1-45 56-00 80*64 32-48

23. Clovei hay . 83*00 2-40 7-00 0*57 1*50 63-76 12-77 33*60

24. Meadow hay

.

84*00 1-50 6-50 0*40 1*60 33-60 8-96 35-84

25. Pea straw 82*50 1-00 5-50 0*35 1-00 22-40 7*84 22*40

26. Oat stiaw 83*00 0-50 5-50 0*24 1-00 11-20 6-38 22*40

27. Wheat stia^ , 84-00 0*45 5-00 0*24 0-80 10-08 5-38 17-92

28. Barley strau . 85-00 0-40 4*50 0*18 1-00 8-96 4-03 22-40

29. Bean stiaw . 82-50 0-90 5-00 0*30 1-00 20-16 6-72 22-40

30. Potatoes 25-00 0-25 1-00 0*15 0-55 5-60 3-36 12-32

31. Carrots. 14-00 0-20 0-90 0*09 0-28 4-48 2-02 6*27

32. Parsnips 16-00 0-22 1-00 0-19 0-36 4-93 4-26 8-06

33. Mangel wurzels

34. Swedish turnips .

12-50 0-22 1-00 0*07 0-40 4-93 1*57 8-96

11-00 0-26 0-60 0*06 0-22 5-60 1-34 4-93

35. Yellow turnips ^ . 9-00 0-20 0-65 (0-06) (0-22) 4-48 (1-34) (4-93)

36. White turnips 8-00 0-18 0*68 0-05 0-30 4-03 1*12 6-72

1 Itt tte case of neither rice meal, locust beans, nor yellow turnips, have records of ash analyses been found. For rice meal

the same percentages of phosphoric acid and potash as in maize, and for yellow turnips the same as in swedes, are provision-

ally adopted ; hut where the results are assumed they are given in parentheses. For locust beans no figure has been assumed, and
the columns are left; blank.

Table XXXI., revised by Lawes and Gilbert in 1897,

stows the method and the results of the calculation of the

total or original manure value of the diJBEerent foods, adopt-

ing as a basis their composition as given in Table XXX.
"When the table was constructed in 1875 the values per ib

of the important manurial ingredients were taken as

ammonia, 8d.
;
phosphoric acid, 2^d.

;
potash, 2d. At

the revision of the table in 1885 these were altered to

6d., 3d., and 2^d. respectively. At the subsequent revision

in 1897 the fluctuations in prices which had then taken

place rendered necessary a further modification to 4d, per

5) for ammonia, 2d. per & for phosphoric acid, and l|d,

per ft for potash, these being the lowest of all. They
determine the figures given in the last column of the table,

representing the total manure value per ton of food con-

sumed, The sum of .£2, 11s, lid., for example, denoting

the manure value of one ton of linseed cake consumed, is

the aggregate of £2, Is, 2d. for nitrogen; 6s. lid. for phos-

phoric acid, and 3s. lOd. for potash.

This table is of interest alike to the stockfeeder and to

the valuer, and it will repay closer study. The first

column shows the estimated amounts of each food required

to give one part of fattening increase in live weight of

oxen or sheep
;
and the second column shows the amomits

of such increase that would, accordingly, be acquired by

the consumption of one ton of each food. Some such

estimate must necessarily be made before it is possible to

calculate howmuch of the manure constituents of the food

are carried off by the animal increase, and consequently

how much remain for manure. It must not, however, be

concluded that, by the consumption by oxen or sheep of

one ton of any one of the different foods used alone^ the

amount of fattening increase given in the second column of

the table would be produced,—that, for example, a ton of

linseed cake, if so given, would yield 373 26, a ton of oat

straw 124 ft), or a ton of mangels 23 ft>of increase. What
is meant is that, when any one of the foods is given in the

judicious amount and in admixture with other foods

which experience shows to be beneficial, it may be

estimated that one ton of the food so consumed will,

approximately, contribute the amoxmt of increase in live

weight stated.

Taking into consideration the dijOficulties attending the

experimental determination of these values, it is claimed

that they are the best that existing knowledge renders it

possible to arrive at. Nevertheless, it is pretty certain
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1
.-H N CO lO to C30 05 O rH

rH rH
CM CO Trt TO TO ir. OO
rH rH rH t-H rH rH rH

OS o rH CM
IH 0=1 CM CM

CO rrt
CM Oil

VO TO t- OO OS
CM CM (M CM CM

O rH M CO Trt VO CO
CO CO CO CO 00 CO CO

Total

or

originalManure Value

per

Ton

of

Food

con- sumed.

OS Tfi CO OlO

a- OS rH tO O OS CO
»-< rH rH rH rH

CO rH (M .-(CM

XO rH 00 rH
rH

TO rH O rH

rH N (N Cq

t^j^^CMOSco* j^^C<IrHTO

TOoot>.4>-os22 ' Itotoodoo
rH rH t-H I—l f-H

j
^ ^ rH

OOOOOS. Cq rH rH rH

o t^

tH TO
rH

rH O

0=1 VO TO VO VO

CM tr CO TO rH
rH rH

O O O O O

tH OS TO (M rH to't—

Trt CM CO CO <M C<1 (M

O O O O O 30

Potash.

In

Manure.

-IStOSO ts. W 1>.CM

er'fiOCO lO tH iCS ICS'.it

TO rH M
rH

(M CO tH CM

O TO Trt TO Trt

rH t-H rH t-H rH^
tH rH Oil O
VO tH Trt Trt

OQ CO

Trt -trt

OS OS CO cs cs

CM CM (M M (M

CO OS 0 rH tr t^O
rH

tH 0 rH rH 0 0 0

Total
remain-

ing

for

Manure.

O VO M VO OS OS VO^(MOS -jH CO Til M
O O tH O tK Art CO
CO CO Trt f-rt tH Trt CO

TO t>. CO l>-

7i ^ TO TO
rH 00 TO it>»

(M (M rH rH

TO TO TO 00 l>- TO*

P TO TO p TO p .

t-H O t-H O tH •

rH rH rH rH h-.'

OS tH OS rH
Trt TO p p
Art M TO CM
-rt TO TO TO

33*42 35*68

VO TO O Cs OS
(M M TO M CM

<M CM t- M CM
(M C=l rH (M CM

00 CO CO rH CT'O
p p p p p 5;:^
(M TO TO «3 Art TO
rH ^

In

fattening

Increase

(at

0*11

per

cent

)

Per

Cent,

of

total
con- sumed.

VO CO OS OSTrt
00 « 1^

Ah Art o 00 O o O
TO O TO TO
TO M (M OS

Ah Ah M Ah

O TO CO TO Trt O
r^ TO rH 7- p O :

Art (M TO <M Art
*

OS tH (M TO
TO p p TO
O Ah O o

Trt VO
p Trt

o o
tH CO tH OS OS
TO TO TO Trt Trt

o o o o o
(M 00 tr Trt iH ^0
p Trt p TO 03 TO

b b b b b b b

Fiom

1
Ton of

Food.

OS rH OO VO rH t-H VA
^ 00 03 M 03 Woo o o o oo

TO TO TO TO
CO TO TO TO
OO o 6

Trt TO rrt TO TO tH*
TO TO TO TO TO TO M
O O O O O O O

tH CO tH tH
TO TO TO po o o o

0*18 0*16

VO Trt 0=1 rH rH
tH iH iH ^ iH

o o o o o
Trt CO CO TO (M <M (M
<p ^ <p <p <p <p ^b b b b b b b

In

Food.

Per
Ton. ib 30*69 31*36 44*80 11*20 44*80 44*80 33*60

O <M 00 <M
TO iH TO OS
r-i OS TO
(M (M rH rH

OS tH O CM O^p TO p TO p ^ -

TO Ah Ah CM Ah ^
'

rH IH rH rH

O O O TO
TOW TO

Art <M TO CM
Trt TO TO CO

O Trt
TO TO

TO VO
TO TO

O O CM O O
Trt OS Trt

CM CM t- (M IM
0=1 CM tH (M (M

CM t>* TO TO C?0

p P 0 p pb TO TO TO Ah 4^ TO

Per
Cent

P.

c.
1*37 1*40 2*00 0*50 2*00 2*00 1*50

TO O O OO TO OO

o Ah o o
tH TO O TO O t^
TO TO TO TO TO TO :

o o o <b o o
O CO o VO
P P Trt

CM tH rH tH
1*50 1*60

O O O O O
p p TO p p
Ah Ah O Ah Ah

VO CO CO 0 (M m'o
p P CO -Jrt P p TO
b b 0 b b b b

Phosphoric

Acid.

In

Manure

Value

at

2d.
per

ft).

»« rH rH rH O rH OO
rH rH

oSVAtO ^ ^ !>. TilOS

OS 00 Trt TO

(M TO (M CM

OS OS CO -Trt o o'
tH iH •

rH (M CM M rH rH
*

rH VO TO rH

tH O M OO
t-H tH tH

1
11

1
3 t-H os OS TO o

rH o O O tH

CO Th TO TO CM ^C=l

00000 0

0

Total
remain-

ing

for

Manure.
lb 30*65 41*59 66*48 24*13 42*39 28*95 54*07

OS OS \£3
CM TO p rH

TO Ah Art TO
rH CM rH rH

CO O tH M tH jr*

^ TO iH tH TO TO .

O CO TO Art o o •

rH tH tH tH tH tH

OS OS OS o
TO TO p p
(M (M >0 TO
Th CO tH tH

os oo
p p
tH^
rH

Trt rH CO OS Hrt

TO p Trt tH TO

TO Art Art 00 VO

Trt 0 0 t- TO 0*03
p TO p TO 17* p p
00 Ah Art Ah Ah Ah b

In

fattenmg

Increase

(at

0*86

per

cent

)

Per

Cent,

of

total

con- sumed.

P.

c.
11*16

7*17 4*26
10*23

5*38 7*68 3*45

Trt TO TO
Trt 7rt TO TO
Trt rH TO TO
i-H rH rH rH

tH TO TO TO CM
p p TO p iH tH .

OS Art TO VO O OS *

rH iH tH tH rH tH

TO CO tH VO
TO p p TO

»0 TO TO CM
10*81 14*28

rH OS O Trt O
p TO iH TO iH

VO OS tH O CO
rH tH tH CM rH

(M os 0 Trt TO ©o'rH
p TO 1H t^ Trt t*. TO
b b TO CM TO b Ah

t-H rH rH rH rH

From ITon of
Food.

VCS rH CO VC3 rH rH CO

CO 00 <M C<l <M Ah

TO TO TO TO^
C<1 (M <M CM

TO TO TO OO tH tH Trt

p pi^ p TO TO tH

(M <M (M (M (M C<» (M

tH tH tH Trt

p Trt tH

CM (M Ol CM
1*38 1*28

O t- CM Trt TO
p p p TO TO
Ah Ah o O o

M cd CD 0 00 Trt CO
p p p p 1^ iH 1^b b b b b b b

In

Food.
Per

Ton.

1b 34*50 44*80 69*44 26*88 44*80 31*36 56*00

Trt Trt O N
P TO TO p
OS Art TO^
rH CS rH i-H

Trt Trt CM O Trt^
Trt p p TO Trt -

TO OS tH CO TO CO •

rH tH iH iH tH i—t

O CO O Trt
TO p Trt TO

Art Art 00 O
Trt CO iH TO

t^ CO
t-. p
<M 00
IH

Trt TO 00 CO C=l
TO p p p tr
^lO vb Art TO

CO p TO tr Trt ^ oq
p P p p TO p T^
00 <M Art Ah Ah Ah^Ah

Per
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TO O TO O
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1o Ah O O
O TO O TO O O
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o O o O O O
o o o o
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po o
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Food.

Linseed

.

Linseed

cake

.

/Decorticated

\

\
cotton

cake

/

Palm-nut

cake

.

f

Undeoorticated

\

\

cotton

cake

/

Cocoa-nut

cake

Eape

cake

Peas
Beans

.

.

Lentils

.

»

Tares

(seed)

Maize
Wheat

.

Malt Barley
Oats Rice

meal

Locust

beans

•

Malt

coombs

.

Pine

pollard

Coarse

pollard

.

Bran

*

Clover

hay

Meadow

hay

.

Pea

straw

.

Oat

straw.

Wheat

straw

.

Barley

straw

.

Bean

straw

Potatoes

.

Carrots
Parsnips

,

Manpel

wurzels

Swedish

turnips

Yellow

turnips

,

White

turnips

.
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tliat the amounts of increase assumed to be produced

are higher than those usually obtained. The amount

estimated to be yielded by Knseed cake, for example, is

certainly higher than "would be obtained when, as is some-

times the case, it is given in such excessive amount that

much is voided by the animals undigested. On the

other hand, the amounts of the different foods estimated

to be required to give one part of increase are doubtless

higher than would be so required, if as large a proportion

of the constituents were digested and utilised as has been

shown to be digestible in the German experiments on that

subject. In those experiments the animals were for the

most part kept on mere sustenance food, so that they

would digest the maximum proportion of the constituents

they received. In the case of fattening, however,

especially with early maturity, the conditions are very

different. The animal receives a greater or less excess of

food, and not only voids proportionally more undigested,

but may transform more than is fully utilized. It is,

nevertheless, economy to give an excess within certain

limits. The apparent waste is, in fact, more than

counterbalanced. Thus, in the first place, the manure

value of the not-utilized food still remains intact
;
but

the real source of the economy is in the shortening of the

time of feeding, and so, at the cost of some excess of

food, saving the amount that would be expended in the

mere sustenance of the animal in feeding for a longer

period.

The next section of the table, headed ‘‘Nitrogen,”

and comprising seven columns, relates to the amount
and to the distribution of the foods. There are given the

amounts of nitrogen per cent, and per ton as in Table

XXX.
j
the actual amount estimated to be contained in the

increase in live weight of the animal consuming one ton

of the food, and the percentage of the total nitrogen

consumed which is so retained in the increase; the

amount of the nitrogen of the food remaining for manure, the
amount of ammonia to which it corresponds, and its money
value, reckoned at 4d, per To. Throughout the calculations

it is assumed that only fattening increase is produced,

and that this will contain 8 per cent, of nitrogenous

substance, corresponding to 1*27 per cent, of nitrogen in

the increase. It will be seen that, according to the

figures, the only food in the list of which a ton is

estimated to contribute more than 5 of nitrogen to the

fattening increase is linseed, and that in the case of none
of the cakes, or of the leguminous seeds, will 1 ton

contribute 5 lb of nitrogen to the increase, whilst the

amount is in several cases under 4 t>. A ton of the

cereal grains, or of their products (and locust beaus),

generally contributes under 4 S)
;
a ton of hay or straw

less than half as much
;
and a ton of roots very much less

still. To put it in another way : of the total nitrogen

consumed in the foods rich in that substance, such as the
cakes and the leguminous seeds, there is generally less

than 5 per cent, retained in the fattening increase in live

weight. The cereal grains, on the other hand, which are

much less rich in nitrogen, contribute a much larger

proportion of their total amount to the increase
; indeed,

generally about 10 per cent, of it. The gramineous straws
contribute a higher proportion stilL, whilst roots (mangels
and turnips) lose by feeding on an average only about
5 or 6 per cent, of their nitrogen. Hence, when fattening

increase only is produced, the proportion of the nitrogen
of the food which is retained by the animal, and so lost to
the manure, is very small in the case of the richer foods,

but more in that of the poorer ones; but even with
them it seldom exceeds 10 per cent., excepting with the
straws. It may be assuna^ however, that when the
foods are consumed by store animals, about twice as much

[ttniteu

of the nitrogen of the food is retained by the animal, and
so lost to the manure. And when, as is more and more
the case with early maturity, the increase comprises a
larger proportion of growth than in mere fattening, the
amount of the nitrogen of the food which will be lost

to the manure will be between that given in the table

and twice as much.
The third section of the table relates to the phosphoric

acid, and there are given for each food, as in the case of

the nitrogen, the amounts of it per cent, and per ton of

the foods
;
the amount estimated to be retained in the

increase; the amount remaining for manure, and the

money value of this at 2d. per 1b. It will be seen that

there is only about two-thirds as much phosphoric acid

as of nitrogen retained in a given weight of fattening

increase
;
but, owing to the very generally less, and some-

times much less, amount of it in the foods, a greater

proportion of that consumed is retained in the animal, and
a less proportion remains for manure. It should be added
that, in the case of store animals and of animals still

growing, the amount of phosphoric acid retained in a

given weight of increase will be very much greater than in

mere fattening
;
indeed, in mere store increase it may, as

in the case of the nitrogen, be nearly twice as great.

Of potash, the table shows that a given weight of

fattening increase retains only about one-eighth as much
as it does of phosphoric acid

;
and the percentage of the

whole in the food which is lost to the manure is generally

very small. In its case, as in that of the nitrogen and
phosphoric acid, the amount retained in mere store increase

will be nearly twice as much as in mere fattening increase,

but the total quantity retained is still very small. The
potash remaining for manure is valued at l|d. per 1b.

The last coluron of the table shows the total manure
value of a ton of each of the foods after consumption,

reckoning the nitrogen, the phosphoric acid, and the

potash at the prices above named, which are those at

which they could, at the time (1897-98), be purchased in

artificial manures. The reductions in the prices of am-
monia, phosphoric acid, and potash, now adopted, bring

all the estimates of total or original manure value

almost exactly one - third lower than those given in

1885. Thus the total value of a ton of linseed cake

I

consumed, which in 1885 was reckoned at £3, 18s. 6d.,

was taken in 1897-98 at £2, 11s. lid.
;
that of a ton of

oats was reduced from £1, 9s. lOd. to 19s. 9d,
;
and that

of other foods in the same proportion.

UmxTiausted Manure Talue of Cattle Foods,—A much
more complicated problem than the estimation of the total

or original manure value of cattle foods is that of estimat-

ing the wmxhausted manure value of the different foods, or

what may be called their compensation value^ after they

have been used for a series of years by the outgoing tenant,

and he has realized a certain portion of the manure value

in his increased crops. In the light of experimental and

other evidence, Lawes and Gilbert fixed upon a scale of

reduction, starting from the total or original manure value,

as estimated in Table XXXI. The method so arrived at

is to deduct one-half of the original manure value of the

food used the last year, and one-third of the remainder

each year to the eighth, in the case of all the more con-

centrated foods, and of the roots ;
whilst, for the hays and

straws, which contain larger amounts of indigestible

matter, and the constituents of which will be more slowly

available for crops, two-thirds of the original manure value

is deducted for the last year, and only one-fifth from year

to year to the eighth year. The results of the estimates of

compemation value so made are given in Table XXXIL
The first column shows the total or original ma/wwre value

of each food. The second column shows the allowance

AGRICULTURE
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Table XXXII .—Plan and Results of Estimations of the Compensation Value of Unexhausted Manure, starting from
the Original Manure Value, that is, the Value deducting the constituents of increase in {Fattening) Live Weight only.

Foods,

Original
Manure
Value,

deducting
Increase in
Live Weight

only.

Compensation Value of Unexhausted Manure.

Last Year. Second Year Third
Year.

Fourth
Year.

Fifth
Year.

Sixth
Year.

Seventh
Year.

Eighth
Year.

Total.

Deduct One-Jicilf of Oirigvnal Manure Value the Last Year, and One-thirdfrom Year to Year,

One Ton £, s d £ s d £ s d. $ d s. d s. d. s. d. s. d. s. d. £ 5. d.

1. Linseed .... 1 19 2 0 19 7 0 13 1 8 9 5 10 3 11 2 7 1 9 1 2 2 16 8

2. Linseed cake . 2 11 11 1 6 0 0 17 4 11 7 7 9 5 2 3 5 2 3 1 6 3 15 0

3. Decorticated cotton cake . 3 14 9 1 17 4 1 4 11 16 7 11 1 7 5 4 11 8 3 2 2 5 7 8

4. Pahn-nut cake

,

1 6 4 0 13 2 0 8 9 5 10 3 11 2 7 1 9 1 2 0 9 1 17 11
5. Undecorticated cotton cake 2 5 3 1 2 7 0 16 1 10 1 6 9 4 6 3 0 2 0 1 4 3 5 4

6. Cocoa-nut cake 1 19 10 0 19 11 0 13 3 8 10 5 11 3 11 2 7 1 9 1 2 2 17 4
7. Eape cake 2 16 5 1 8 3 0 18 10 12 7 8 5 5 7 3 9 2 6 1 8 4 1 7

8. Peas 1 16 5 0 18 3 0 12 2 8 1 5 5 3 7 2 5 1 7 1 1 2 12 7
9. Beans 2 1 11 1 0 11 0 13 11 9 3 6 2 4 1 2 9 1 10 1 3 3 0 2

10. Lentils 2 0 8 1 0 4 0 13 7 9 1 6 1 4 1 2 9 1 10 1 3 2 19 0

11. Tares (seed) 2 11 1 0 7 0 13 9 9 2 6 1 4 1 2 9 1 10 1 3 2 19 6

12. Maize 0 16 7 0 8 4 0 5 7 3 9 2 6 1 8 1 1 0 9 0 6 1 4 2

18. Wheat . 0 18 11 0 9 6 0 6 4 4 3 2 10 1 11 1 3 0 10 0 7 1 7 6

14. Malt 0 17 7 0 8 10 0 5 11 3 11 2 7 1 9 1 2 0 9 0 6 1 6 5

15. Barley 0 17 2 0 8 7 0 5 9 3 10 2 7 1 9 1 2 0 9 0 6 1 4 11
16. Oats 0 19 9 0 9 11 0 6 7 4 5 2 11 1 11 1 3 0 10 0 7 1 8 5

17. Rice meal (0 18 6) (0 9 3) (0 6 2) (4 1) (2 9) (1 10) (1 3) (0 10) (0 7) (1 6 9)

18. Locust "beans • •

19. Malt coombs 2 6 7 1 3 3 0 15 6 10 4 6 11 4 7 3 1 2 1 1 5 3 7 2

20. Fine pollard . 1 15 2 0 17 7 0 11 9 7 10 5 a 3 6 2 4 1 7 1 1 2 10 11

21. Coarse pollard . 1 18 1 0 19 1 0 12 9 8 6 6 8 8 9 2 6 1 8 1 1 2 15 0

22, Bran .... 1 18 6 0 19 3 0 12 10 8 7 5 9 3 10 2 7 1 9 1 2 2 15 9

Deduct Two-thirds of Original Manure Value the Last Year, and One-fifthfrom Year to Year,

23. Clover hay 17 0 0 9 0 0 7 2 5 9 4 7 3 8 2 11 2 4 1 10 1 17 8

24. Meadow hay . 0 18 7 0 6 2 0 4 11 3 11 3 2 2 6 2 0 1 7 1 3 1 5 6

25. Pea straw 0 12 2 0 4 1 0 3 3 2 7 2 1 1 8 1 4 1 1 0 10 0 16 11

26. Oat straw 0 7 5 0 2 6 0 2 0 1 7 1 a 1 0 0 10 0 8 0 6 0 10 4

27. Wheat straw . 0 6 6 0 2 2 0 1 9 1 5 1 2 0 11 0 9 0 7 0 6 0 9 3

28. Barley straw . 0 6 5 0 2 2 0 1 9 1 5 1 2 0 11 0 9 0 7 0 6 0 9 8

29. Bean straw 0 11 5 0 3 10 0 3 1 2 6 2 0 1 7 1 3 1 0 0 10 0 16 1

_ ^ Deduct One-half of Original Manure Value the Last Year, and One-thirdfrom Year to Year,

30. Potatoes .... 2 0 10 1 0 5 0 13 7 9 1 6 1 4 1 2 9 1 10 1 3 2 19 1

31. Carrots .... 17 6 0 13 9 0 9 2 6 1 4 1 2 9 1 10 1 3 0 10 1 19 9

82. Parsnips . . . , 1 15 0 0 17 6 0 11 8 7 9 5 2 3 5 2 3 1 6 1 0 2 10 3

33. Mangel wurzels 1 11 8 0 15 10 0 10 7 7 1 4 9 3 2 2 1 1 5 0 11 2 5 10

34. Swedish turnips 19 2 0 14 7 0 9 9 6 6 4 4 2 11 1 11 1 3 0 10 2 2 1

35. Yellow turnips (1 5 0) (0 12 6) (0 8 4) (5 7) (3 9) (2 6) (1 8) (1 1) (0 9) (1 16 2)

36. White turnips 1 5 10 0 12 11 0 8 7 5 9 3 10 2 7 1 9 1 2 0 9 1 7 4

for tlie last year, and tlie succeeding seven columns that

for each succeeding year to the eighth. The last column
gives the total compensation value for the eight years’ con-

sumption. It may seem at first sight that a deduction of

50 per cent, from the original manure value of the food

used in the last year is large. Allowance has to be made,

however, for aU losses to which the manure may be sub-

ject, which may be considerable, especially if much of the

food is consumed in the yards
;
and it has to be borne in

mind that the money paid for compensation will not yield

its fuU return for a long time. Only half the original

manure value would, therefore, be allowed if the food were
only used one year

j
and aU scales of allowance arranged

by fanners’ clubs assume the consumption for more than
one year. Nevertheless, if the food is used for eight years,

or more, it will be seen that the total aUowance consider-

ably exceeds the original manure value of one year’s con-

sumption—^the aUowance made for the accumulation

bringing it up to from one and a third to one and a half

as much as the original manure value.

In order to test the applicability of the scale of com-
pensation proposed, the case may be considered of a Norfolk

or Lincolnshire farmunder the ordinaryfour-course rotation,

with meat and grain only sold, and the roots fed partlyon the

land and partlyin the yards. Let it be assumed, further, that

the land is thoroughly clean, and that the farm is in every

respect in good order when given up. The essential basis

of the system of estimate and valuation of the unexhausted

residue adopted is the assumption of gradual accumulation

within the soil, and of slow recovery from it. Suppose

then that linseed cake had been used annually for eight

years, at the average rate of one ton over eight acres each

year, or of one ton per acre in eight years. Each acre

would thus on the average receive, either in farmyard

manure or directly by the feeding with roots or clover on

the land, the manure from the consumption of one ton of

linseed cake in eight years, or at the average rate of one-

eighth of a ton, or 2J cwt., per acre per annum.
The first column of Table XXXII. shows that the total

or original manure value of one ton of linseed cake con-

sumed—^that is, the value deducting only the constituents

stored up in the animal—is estimated to be £2, 11s. lid.

The subsequent columns of the same table show the

estimated compensation value of the unexhausted rmdm
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from one ton consumed (that is, after the tenant has

realized the benefit of the increase of his crops) to be, if

used each year for eight years, as given in the first column

of the following statement, the second column showing the

amount per acre per annum :

—

Compensation Allowances for One Ton
of Linseed Cake consumed.

Per annum, Per acre, in

Eight Years. Eight Tears.

£ s. d. & s. d.

Last year 16 0 0 3 3

2nd ,, ... 0 17 4 0 2 2

3rd „ ... 0 11 7 0 15
4th „ ... 0 7 9 0 10
5th „ ... 0 5 2 0 0 8

6th 0 3 5 0 0 5

7th „ 0 2 3 0 0 3

8th „ ... 0 16 0 0 2

Total . 3 15 0 0 9 4

Thus, according to the first column of figures, the value

of the unexhausted manure residue from the consumption

of one ton of linseed cake annually for eight years would
be ^3, 15s., or nearly 45 per cent, more than the original

manure value of one yearns consumption. Or, as the

second column shows, the allowance would be at the rate

of 9s. 4d. per acre over the whole farm. Whether such

an allowance would be too much or too little under the

conditions supposed is a question for consideration.

These conditions are : a light-land farm, upon which the

manure from purchased food is an essential element

of profitable cultivation; that meat and grain alone

are sold
;
and that the farm is given up in a satisfactory

state in every respect. Also that, on the average, each
acre received during the last eight years the manure
derived from the consumption of one ton of linseed

cake. The question between the two parties concerned
is, whether the outgoing tenant would receive sufficient

remuneration for his unexhausted manure; and, on the

other hand, whether the landowner, or the incoming
tenant, would pay more than will be recovered in increase

of crops. An allowance of 9s, 4d. per acre on a farm of

400 acres would amount to £186, 13s. 4d., which is a
large sum to pay

;
and it is certain that the recovery

of the amount would only be gradual. It is well known
that both time and money are required to get land into

condition, and here is land already in condition.

Although in the foregomg tables the estimates of the
manure values of food-stuffs are made in accordance with
the prices of ammonia, phosphoric acid, and potash at the
time (1898), it is evident that the results may require
further revision as the value of manure constituents in

the market changes, and perhaps also in other ways, as
knowledge advances and experience is gained.^

^ For a fuller discussion of the subject the reader should consult
Lawes and Gilbert's paper in the JowmaZ of the JRoyaZ AgricvZtural
Society, 1897, In the course of a letter written early in 1901, Sir J.
Henry Gilbert referred to the question as to how the manure from
store stock should be valued. The loss to the manure is more in the
case of the feeding of lean or store stock than in that of fattening
animals, but is much less than in the case of milk production.
Assuming the increase from the consumption of a given food by store
stock removed twice as much of the constituents valuable as mauure
as when used for fattening, the result would approximately be that,
in the case of any of the high-nitrogen foods, Nos. 1 to 11 in Table
XXXII., 5 per cent, wonld be suflScient to deduct from the original
mamme value before applying the scale according to the “class of
farm as defined below ; and that in the case of the lower-nitrogen
foo^ Nos, 12 to 17, a deduction of 10 per cent, would be suflacicnt.
With reference to the valuation of the manure constituents when the
foods are consumed by fattening pigs, the conclusion arrived at is that,
althou^ there are characteristio difierences between the amount and
proportion of the various foods consumed by oxen and sheep on the

[united kingdom

Implements and Machinery.

Agricultural macbinery is dealt with elsewhere. As,

however, it is the custom of the Royal Agricultural Society

of England to invite competitions at its annual shows in

specified classes of implements, an enumeration of these

will indicate the character of the appliances which were thus

brought into prominence during the closing quarter of the

19th century. These trials taking place, with few inter-

missions, year after year serve to direct the public mind to

the development, which is continually in progress, of the

mechanical aids to agriculture. The awards here summar-
ized are quite distinct from those of silver medals which
are given by the Society in the case of articles possessing

sufficient merit, which are entered as “new implements

for agricultural or estate purposes.”

In 1875, at Taunton, special prizes were awarded for one-horse
and two-horse mowing machines, hay-making machines, horse rakes

(self-acting and not self-acting), guards to the drums of threshing-

machines, and combined guards and feeders to the drums of

threshing machines. In 1876, at Birmingham, the competitions

were of self- delivery reapers, one-horse reapers, and combined
mowers and reapers without self-delivery. In 1878, at Bristol, the

special awards were all for dairy appliances—^milk-can for convey-

ing milk long distances, churn for milk, chum for cream, butter-

worker for large dairies, butter-worker for small dairies, cheese tub,

curd knife, curd mill, cheese-turning apparatus, automatic means of

preventing rising of cream, milk-cooler, and cooling vat. A gold

medal was awarded for a harvester and self-binder (McCormick's), In

1879, at Knburn, the competition was of railway waggons to convey
perishable goods long distances at low temperatures. In 1880, at

Carlisle, and in 1881, at Derby, the special awards were for broadside

steam diggers and string sheaf-binders respectively. In 1882, at

Beading, a gold medal was given for a cream separator for horse

power, whilst a prize of 100 guineas offered for the most efficient and
most economicalmethodof <£ying hay or com crops artificially, either

before or after being stacked, was not awarded. In 1883, at York, a

prize of £50 was given for a butter dairy suitable for not more than

twenty cows. In 1884, at Shiewsbury, a prize of £100 was a^varded

for a sheaf-binding reaper, and one of £50 for a similar machine.

In 1885, at Preston, the competitions were concerned with two-

horse, three-horse, and four-horse wffiipple-trees, and packages for

conveying fresh butter by rail. In 1886, at Norwich, a prize of

£25 was awarded for a thatch - making machine. In 1887, at

Newcastle-on-Tyne, a prize of £200 went to a compound portable

agricultural engine, one of £100 to a simple portable agricultural

engine, and lesser prizes to a weighing machine for horses and
cattle, a weighing machine for sheep and pigs, potato-raisers, and
one-man power cream separatois. In 1888, at Nottingham, hay
and straw presses for steam power, horse power, and hand power

were the subjects of competition. In 1889, at Windsor, prizes

were awarded for a fruit and vegetable evaporator, a paring and
coring machine, a dairy theimometer, parcel post butter-boxes to

carry different weights, and a vessel to contain preserved butter.

In 1890, at Plymouth, competitions took place of light portable

engines (a) using solid fuel (6) using liquid or gaseous fuel, grist

mills for use on a farm, disintegrators, and cider -making plant

for use on a farm. In 1891, at Doncaster, special prizes were

given for combined portable threshing and finishing machines,

and cream separators (hand and power). In 1892, at Warwick,
the competitions related to ploughs—single furrow {a) for light

land, (6) for strong land, (c) for press drill and broadcast

sowing ; two-fui*row ; three-furrow ; digging (a) for light land (5)

for heavy land ; and one-way ploughs. In 1893, at Chester, self-

binding harvesters and sheep-shearing machines (power) were the

appliances respectively in competition. In 1894, at Cambridge,

the awards were for fixed and portable oil engines, potato-spraying

and tree-spraying machines, sheep-dipping apparatus, and chums.

In 1895, at Danington, the competitions were confined to hay-

making machines and clover - making machines. In 1896, at

one hand, and by pigs on the other, yet there would not be such material

difference in the case of the same description of food consumed respect-

ively by oxen, sheep, and pigs, as to render it desirable to make
any distinction in estimating the manure value of the same food thus

consumed.

In actual practice it has been found convenient, in applying the

estimates of mauure value, to modify the compensation according to

the class of farm, thus : (1) where the consumption is on farms that

have been well managed, with the yard accommodation for the proper

conservation of manure good, or where the feeding-stuffs have been

fed on land left: clean, and the management has been generally good

and judicious ; (2) where such conditions are not so good and merit-

orious
; (3) where such conditions are bad.

AGRICULTURE
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Leicester, prizes were awarded after trial to potato • planting
machines, potato-raising machines, and butter-drying machines.

In 1897, at Manchester, special awards were made tor trait baskets

and milk-testers. In 1898, at Birmingham, a prize of £100 was
given for a self-moving vehicle for light loads, £100 and £60 for

self-moving vehicles for heavy loads, and £10 for safety feeder to

chaff-cutter, in accordance with the Chaff-cutting MacMnes (Acci-

dents) Act, 1897. In 1899, at Maidstone, special prizes were offered

for machines for washing hops with liquid insecticides, cream
separators (power and hand), machines for the evaporation of fnut
and vegetables, and packages for the carriage of (a) soft fruit (b)

hard fruit. In 1900, at York, the competitions were concerned
with horse-power cultivators, self-moving steam diggers, TnilHTig

machines, and sheep -shearing machines (power and hand). In
1901, at Cardiff, competition was invited in portable oil engines,

agricultural locomotive oil engines, and small ice -making plant
smtable for a dairy.

The progress of steam cultivation has not justified the

hopes that were once entertained concerning this method
of working implements in the field. It was about the

year 1870 that its advantages first came into prominent

notice. At that time owing to labour disputes the supply

of hands was short and horses were dear. The wet seasons

that set in at the end of the ’seventies led to so much
hindrance in the work on the land that the aid of steam

was further called for, and it seemed probable that there

would be a lessened demand for horse power. It was
found, however, that the steam work was done with less

care than had been bestowed upon the horse tillage, and
the result was that steam came to be regarded as an
auxiliary to horse labour rather than as a substitute for it.

In this capacity it is capable of rendering most valuable

assistance, for it can be utilized in moving extensive areas

of land in a very short time. Accordingly, when a few
days occur early in the season favourable to the working
of the land, much of it can be got into a forward condition,

whilst horses are set free for the lighter operations. The
crops can then be sown in due time, which in wet years,

and with the usual teams of horses kept on a farm, is not
always practicable. Much advantage arises from the steam-

worlring of bastard fallows in summer, and after harvest a

considerable amount of autumn cultivation can be done by
steam power, thus materially lightening the work in the

succeeding spring. On farms of moderate size it is usual

to hire steam tackle as required, the outlay involved in the

purchase of a set being justifiable only in the case of

estates or of very big farms where, when not engaged in

ploughing, or in cultivating, or in other work upon the

land, the steam-engine may be employed in tlmeshing,

chaff-cutting, sawing, and many similar operations which
require power. The labour question again became acute
in 1900, when owing to the scarcity of hands and the high
rate of wages, self-binding harvesters were resorted to in

England for the ingathering of the corn crops to a greater

extent than ever before. For the same reason potato-

planting and potato-lifting machines were also in greater

requisition. (w. Eb.)

11. The United States.

Covering as it does the breadth of the ITorth American
continent, with 3,000,000 square miles of land surface, not
including Alaska and the islands, of which 700,000,000
acres are in farms and 400,000,000 in actual cultivation,

representing every variety of soil and all the climatic
life zones of the world, except the extreme boreal and
the hottest tropical, the United States affords an im-
portant subject of study in respect of agriculture. Its
cotton, wheat, and meat are large factors in all markets,
and its many other agricultural products are distributed
throughout the civilized world. To the student the equip-
ment and^ methods of agriculture in the United States
form as interesting a subject of examination as do its

resources and production. In quantity, distribution, and

inter-relation of heat and moisture—^the chief factors in

agricultural production— the United States is greatly

blessed. We find in this vast territory all the agricultural

belts mapped by the biologist, producing all varieties of

cereals, fruits, and breeds of live stock. All kinds of soils,

adapted to different crops, are spread out at all altitudes

from 8000 feet down to sea-level. The country is equally

fortunate in the character of its farming class. There is

no peasant class, but the agricultural population is made
up of the same people who form the professional and
mercantile classes. The negroes, who supply the farm
labour in the Southern States, are by nature admirably
suited to these pursuits. The inventive skill of the

American has had almost as full scope upon the farm as in

the shop, with the result that the equipment and methods
used are well adapted to the conditions.

The story of the vast and varied agriculture of the
United States can be most briefly, and, perhaps, best told

in the figures of the census and other Govern-
ment reports. Unless some other source is

^

mentioned, the statistics in this article are taken from the

eleventh (1890) census (crops of 1889), or the reports of

the Department of Agriculture, whose annual estimates

are based upon the latest figures.

As a result of the great supply of available land the

number of farms in the United States increased between
1850 and 1890 215 per cent., or from
1,450,000 to 4,565,000; their total acreage

increased 112 per cent., or from 294,000,000 to

623.000.

000 acres; their improved acreage increased

216 per cent., or from 113,000,000 to 358,000,000 acres

;

and their unimproved acreage 47 per cent., or from

181.000.

000 to 266,000,000 acres. The following table

(No. I.) exhibits the increases of number of farms, total and
improved acreage, by decades ;

—

Table I.—Fercentaffe of Increase of JS^wnbeT and Acreage

of Farim by Census Decades,

The United States.
Number of
Farms.

Acreage.

Total. Improved.

1850 to 1860 411 38*7 44*3

1860 to 1870 301 01 15*8

1870 to 1880 . .
.

,,

60*7 31*5 50*7

1880 to 1890 . . .
1
' 13*9 16-2 25*6

1850 to 1890 . .
.

11

216-0 112-3 216*4

The largest percentage of increase of improved land was
50‘7, from 1870 to 1880; the lowest was in the decade

1860 to 1870, the period of the Civil war, and was 15*8.

There was a marked slackening in the increase both of the

number of farms and of improved land in the last decade,

when public lands adapted to agriculture had approached

more nearly the point of complete occupation. The chief

cause of this wonderful development of agriculture is the

large area of cheap public lands which has been available

for immigrants and natives alike. Up to 1897, 529,000
homestead entries had been made and finally settled for

70,397,000 acres of Government landunder the Homestead
Act of 20th May 1862, while the number of entries, both

final and pending, covered 102,280,000 acres. Between
1875 and 1897 the public and Indian lands sold for cash

and under homestead and timber culture laws, as well as

those allotted by scrip, granted to the colleges of agriculture

and mechanic arts and other institutions, and by military

bounty land warrants, and selected by States and railroad

corporations, covered 300,000,000 acres. In addition to

this, the States and railroad corporations sold a large

amount of land to farmers of which we have no accu-

rate record. This vast territory, greats in extent than

S.I.— 27
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Germany and France combined, was added to the farms

of the country in twenty-two years. In many cases rail-

road building has made the settlement of the public lands

possible for the first time, and the building of branch

lines, by providing means for transporting products to

market, has greatly facilitated the acquisition of other

lands. The mileage of railways increased 245 per cent,

between 1870 and 1896. The interesting fact is that

this increase corresponds geographically to the increase in

farms.

The agricultural statistics do not include any farm of

less than three acres unless it produced at least $500
worth of products the preceding year. The census of

1890 showed that the average size of farms was 137 acres,

or three acres more than in 1880 and 66 acres less

than in 1850. Within a certain limit the average area of

farms is determined by the financial ability of the owners.

In this day of farm machines, an owner must have a

certain amount of land in order to afford the necessary

equipment for cultivating it successfully. This fact

appears to have stopped the further subdivision of farms

and to have started a movement towards their consolida-

tion. As will be seen from the following table (No. 11.),

the average farm, which steadily diminished in size from
1850 to 1880, actually increased slightly between 1880
and 1890, owing chiefly to the enlargement of the wheat
farms of the west.

Table II.

—

Average Acreage of FarTns and Improved Land
therein hy Census Years.

The United States

Average Number of Acres.

Improved. Whole Farm

1850 78 203
1860 80 198
1870 . . . 71 165
1880 70 133
1890 78 137

The figures for the average farm areas of improved land
represent more truly the actual economic condition. Thus
it is instructive to notice that the number of acres under
cultivation (improved land) on each farm was on the
average the same—78 acres—at the end of the forty-years

period as at its beginning. The existence of avaffable

surplus land has its influence
3
but the increasing use of

improved machines and tools, and the construction of

convenient railroads, appear to be the chief causes for the
enlargement of farms.

In farms cultivated by owners there was an increase

between 1880 and 1890 of 285,422, or 9*56 per cent, j in
farms rented for money, of 132,302, or 41 per cent.

; and
in farms rented Jor a share of the products, of 138,010,
or 19*65 per cent. In 1890, 7T6 of all the farms were
cultivated by their owners, as against 74*4 per cent, in
1880. From 1880 to 1890 the farm tenancy grew from
25*6 to 28*4 per cent., an increase of 2*8 per cent. The
steady drift towards farm tenancy of late is believed
to be injurious to production; but it is impossible to
prove this, so great has been the aggregate increase in
products.

The number of persons engaged in agriculture as a
business in 1890 was 8,395,634, or 37 per cent, of all

persons in gamful occupations. It is interesting
to note that 678,000 of these were women.

eapaiiotts^ This is an increase of nearly 1,000,000 persons
over 1880, or 12*6 per cent. Thus, if the farm

femUy is the same size as that of the remainder of the
popuhition—^it is probably slightly larger—^the agricultural
population would be 37 per cent, of the whole. Statis-

[dnited

ticians usually put it at 40 per cent., and this is probably
more nearly correct.

Table III.

—

Number of Persons of Ten Years of Age and
over in the D%fferent Agricultural Pursuits in 1890.

Occupation, Total Persons

Dailymen and women
Farmers and farm superintendent^) .

Farm labourers

Gardeners, nurserymen, and viticulturists

Other pursuits

Total . . ...

17,896

5,281,557

3,004,061

72,601
19,620

8,395,634

The increase in farm tenancy, and especially the
diminished demand for labour relative to products, due
to the growing use of machinery, reduced the number of

agricultural labourers who work for wages from 49 per
cent, of aU agricultural workers in 1870 to 43*6 in 1880
and 35*8 in 1890. The wages paid farm labourers, as
ascertained by the Department of Agriculture, are rather
low compared with the average wages of labour, but not
lower than the wages of other unskilled labour. The
average monthly wage of the agricultural labourer, with-
out board, was $19.50 in 1870, $16.42 in 1880, $18.33
in 1890, and $17.70 in 1895. These wages are good as

compared with those earned in Continental countries.

The figures for farm capital and the value of agricul-

tural products are so vast that it is extremely difficult to

put them in form to be grasped intelligently.

The farm capital of the United States reported

by the census of 1890 reached $15,500,000,000,
the main classes being, in round numbers :—^Land,

fences, and buildings, $13,000,000,000; machines and
implements, $500,000,000; live stock, $2,000,000,000.
The products of the farms in the census year, 1889, were
valued at $2,500,000,000. Between 1850 and 1890 the

aggregate farm capital increased 303 per cent.
;
the value

of annual products increased between 1870 and 1890,
15*5 per cent. The greatest increase of farm capital was
between 1850 and 1860, 101 per cent.

;
the next was the

decade 1880 to 1890, when the increase was 29 per cent.

From 1870 to 1880 the value of farm products increased

4 per cent.
; from 1880 to 1890, 11 per cent. It is note-

worthy that “£he value of capital increased in a much
greater degree than the value of products.*’

In order to^ put the facts about the crops grown in the
United States in a form that may be readily understood, Mr
Holmes of the Department ofAgriculture has computed the number
of railroad freight cars of fifteen tons’ capacity required to haul
the crops of 1897 and what their length in trains would be.

He tells us that to haul the hay crop 4,017.933 cars would be
needed, and the length of the train would be 26,112 miles, or

more than long enough to encircle the earth at the equator
;
for

the corn crop there must be 3,540,257 cars, making a tram
22,127 miles long

; the wheat crop would take 1,060,000 cars,

with a total length of 6625 miles, or farther than from Hew
York to Cape Horn

;
for the oat crop a train of 772,098 cars,

extending 4826 miles, or from Hew York to the Congo River
;
the

potato crop would take a train of 327,354 cars, and 2046 miles
long, which would extend from Hew York to Utah ;

the cotton
crop would take a train as long as from Hew York to Chicago, and
the barley crop one that would reach from Washington, D.C., to

Atlanta, Ga.

Tte growth of farm area and of capital invested in

agriculture was followed by a proportionate increase in the

principal crops. Between 1880 and 1890 the area devoted

to each crop increased as follows :—^Indian corn (maize),

15*6 per cent.; rye, 17*9 per cent.; oats, 75*4 per cent.

;

barley, 61*2 per cent.
;
cotton, 39*3 per cent. ;

sugar-can^

I

20*7 per cent.
;
hay, 72*9 per cent. ; and tobacco, 8*8 per

I cent.
; while the area in wheat decreased 5*2 per cent.

;

I

buckwbeat, 1*3 per cefrt. ;
and rice, 7*4 per cent. The

AGRICULTURE
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following table (No. IV.), arranged by Holmes, gives the

increase or decrease in five principal crops for each

decade from 1840, when the &st census of agricultural

products was taken, down to 1890 :

—

Table IV.

—

Percentage of Increase
( + )

or Decrease of
Production of Farm Crops, hy Tirm Periods.

The United
States.

Indian
Corn.

Wheat Oats. Cotton. Tobacco.

1840 to 1850 + 56*8 + 18 5 + 19*1 + 56-2 - 8*9

1850 to 1860 + 41-7 + 72-3 +17-8 + 118*2 +117-4

I860 to 1870 - 9*3 + 66*2 + 63*4 - 44*1 - 39 5

1870 to 1880 + 130-6 + 59-7 + 44*6 + 91T + 79*9

1880 to 1890 + 21-0 + 1*9 + 98*4 + 29*8 + 3*3

1840 to 1890 + 462*2 + 452 2 +657-6 + 872-7 + 122*8

The distinguishing feature of the period 1870 to 1880

is the rate of increase of corn, wheat, cotton, and tobacco.

Since 1870 the production of nearly all of the farm crops

increased more rapidly than the population, the most

absolute proof of the substantial prosperity of the people.

The increase in population for the fifty years from 1840

to 1890 was 267 per cent.; from 1870 to 1880, 30 per
1#

TabIiE V.

—

Average Yield wnd Valve of Cereal

1870)

L T U R E
cent. ; from 1880 to 1890, 25 per cent,

;
but the food and

other supplies have far exceeded the demands of even this

great population.

Until the use of more and cheaper motors becomes

possible, farm animals must increase with farming opera-

tions. “At the census of 1890 there were 14,969,467

horses on farms, 2,295,532 mules and asses, 1,117,494

working oxen, 16,511,950 milch cows, 33,734,128 other

cattle, 57,409,583 swine, and 35,935,364 sheep, not including

spring lambs
;
and in the census year the wool clip amounted

to 165,449,239 pounds, not including pulled wool and wool

clipped on ranges, which were sufficient, according to the

estimates of the department, to make the entire wool clip

for the census year 276,000,000 pounds. In forty years,

from the census of 1850 to that of 1890, the number of

horses on farms increased 245*2 per cent. ;
mules and

asses, 310*4 per cent.
;
milch cows, 158*6 per cent. ;

other

cattle, 248 per cent. ;
swine, 89*1 per cent,

;
sheep, not

including spring lambs, 65*4 per cent., and the farm wool

clip increased 215 per cent.
;
but working oxen decreased

34*3 per cent.” {HolTms).

The following tables give the most important facts with

regard to the cereal production of the United States

between 1870 and 1899 (Tables V. and VI.) :

—

'Jrops in the United States, hy Periods of Years,

) 1899.

The United Stsktes.

Corn. Wheat Oats

Average
Farm Pnce
per Bushel.

Average
Yield per

Acre.

Average
Value per

Acre.

Average
Farm Pnce
per Bushel.

Average
Yield per
Acre.

Average
Value per
Acre

Average
Farm Price
per Bushel

Average
Yield per
Acre.

Average
Value per
Acre.

1870 to 1880 .

1880 to 1889 .

1890 to 1896 .

1897
1898
1899

Dollars.

0*426

•393

-355
1

Bushels.

27*1

24*1

24*1

23*8

24*8

25*3

Dollars.

11*54
9*48

8*55

6-

27

7-

10

Dollars.

1*05

*827

*668

Bushels
12*4

12*1

13*0

13*4

15*8

12*3

Dollars.

13*00
9*98

8*54

10*86
8*92

Dollars.

0*353
*309

*286

.
1

Bushels.

28*4

26*6

25*2

27*2

28*4

30*2

Dollars.

10*03 •

8*22

7*21

5*75

7*23

Table VI.

—

Average Yield and Value of Cereal Crops in the United States, hy Periods of Years,
‘ 1870 ^0 1896.

The United States

Barley. Eye. !

Buckwheat
l

Average
Farm Price
per Bushel.

Average
Yield per
Acre.

Average
Value per

Acre.

Average
Farm iTice
per Bushel.

Average
Yield per
Acre.

Average
Value per
Acre.

Average
Farm Pnce
per Bushel.

Average
Yield per
Acre.

Average
Value per
Acre.

1870 to 1880 .

1880 to 1889 .

1890 to 1896 .

Dollars.

0-738
•589

•374

Bushels.
22*1

21*7

22*8

Dollars.

16*34

12*79
8*62

Dollars,

0*701
•622

•467

Bushels.
14*1

11*9

13*6

Dollars.

9*92

7*39
6*35

Dollars.

0*715
*642

•490

Bushels.

17 7
12 8
17*4

Dollars.

12*65
8*24

8*51

The average farm price of wheat declined, as is shown
in the above tables, from $1.05 per bushel for the decade

1870 to 1880 to 65*8 cents for the period 1890 to 1896.

The farm prices of the other cereals declined less during

the twenty-seven years. Com declined from an average

farm price of 42*6 cents per bushel for 1870-80 to 35*5

cents in 1890 to 1896. The farm value of wheat per acre

ranged from $13 in 1870-80 to $8.54 in 1890-1896;
it then advanced to $10,86 in 1897, and fell to $8.92 in

1898. In farm value per acre corn averaged $11.54 in

the decade 1870 to 1880, and $8.55 in 1890-96. The
other cereals declined in the same manner in value per
acre. The average production per acre shows nothing
conclusive with regard to the fertility of the .Boil of the
country. The expansion of the crop area usually causes
a lowering of the average yield per acre by distributing

the eultare, fertilizers, &c., over more surface. Likewise
the contraction of crop area will usually increase the
average yield per acre of the entire country. The average
bushels of wheat per acre was 12*4 in the decade 1870 to

1880, and 13 in the period 1890 to 1896 ;
of corn, 27*1 in

1870 to 1880, and 24*1 in 1880 to 1896 continuously.

Oats fell off from 28*4 to 25*2 bushels per acre from the

first to the last period.

The agricultural returns for 1890 to 1899 may be taken

as an illustration of the cereal production of the United

States. The figures for wheat, oats, and Indian corn are

presented in Tables Nos. VII., VTII,, and IX.

The acreage and production of wheat have steadily

increased ;
the total farm value of the crop has averaged

$330,000,000 a year for the last ten years. The acreage

in Indian corn, the great American crop, reached its

highest in 1899, 82,000,000 acres, and its production its

highest figure in 1896, 2,284,000,000 bushels.

Producing as the United States does so much more

than its people can consume, its exports form a large per-

centage of some of the crops, as Table X., from the

Tear Booh of the Department of Agriculture for 1897,

shows.

The average percentage of wheat crop exported annually
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Table VII.

—

Acreage, Prodnetwn, Value, Prices, and Exports of Wheat in the United States in, 1890 to 1899.

Year. Acreage.
Average*
Yield per
Acre.

Production.

Average
Farm Price
per Bushel,

1st Dec.

Farm Value,
1st Dec.

Chicago Cash Price per Bushel,
No. 2.

Domestic Exports,
including Flour,
Fiscal Years

begmning 1st July.

December.
May of

following
Year.

Low High Low. High

Acres Bushels. Bushels. Cents. Dollars. Cents. Cents. Cents. Gents. Bushels.

1890 . 36,087,154 11*1 399,262,000 83*8 334,773,678 87^ 92J 985 108 106,181,816

1891 . 39,916,897 15*3 611,780,000 83*9 513,472,711 89S 93J 80 85i 226,665,812

1892 . 38,554,430 13*4 515,949,000 62*4 322,111,881 69i 73 68i 76i 191,912,635

1893 . 34,629,418 11*4 896,131,726 53*8 213,171,381 59J 64^ 52J 605 164,283,129
1894 . 34,882,436 13*2 460,267,416 49*1 225,902,025 52i 63g 60i 75i 144,812,718
1895 34,047,332 13*7 467,102,947 60*9 237,938,998 63i 64i 57i 671 126,443,968
1896 . 34,618,646 12*4 427,684,346 72*6 310,602,539 741 93J 68| 975 146,124,972
1897 . 39,465,066 13*4 630,149,168 80*8 428,547,121 92 109 117 185 217,806,005
1898 . 44,055,278 15*3 675,148,705 58*2 392,770,320 62| 70 68i 795 222,694,920
1899 . 44,592,516 12*3

1

547,303,846 58*4 319,545,259 64 69i ••

Table VIII.—Acreage^ FroductioTi, Yalue^ Prices^ and Exports of Oats in the United States in 1890 to 1899.

Year. Acreage.
Average
Yield per

Acre.
Production.

Average
Farm Price
per Bushel,
Ist Dec.

Farm Value,
1st Dec.

Chicago Cash Price per Bushel,
No. 2.

Domestic Ex-
ports, including
Oatmeal, Fiscal
Years beginning

1st July.

Imports
during Fiscal
Years begin-

ning
1st July.i

December.
May of

followmg
Year.

Low. High. Low. High.

1890
1891
1892
1893
1894
1895
1896
1897
1898
1899

Acres.

26,431,369
25,581,861

27,063,835
27,273,033

27,023,563
27,878,406

27,565,985
25,730,375
25,777,110
26,841,380

Bushels
19*8

28*9

24*4

23*4

24-5

29*6

25*7

27*2
28*4

30*2

Bushels.

523.621.000
738.394.000
661.036.000
638,854,850
662,036,928
824,443,537
707,346,404
698,767,809
720,906,643
796,177,718

Cents.
42*4
31*5

31*7

29*4
!

32*4

19*9

18*7

21*2
25*6

24*9

Dollars.

222,048,486
2.32,312,267

209,253,611
187,676,092
214,816,920
163,655,068
132,485,033
147,974,719
186,405,364
198,167,975

Cents.

395

31J
25|

27i
28|
161

16i
21

26
i

22i

Cents.

435
33g

31i
295
291
175
182
235
272
23

Cents

45i
285
28|
325
275
18

165
26

24

Cents.

54

335
322
36

302
19|
182
32

272

Bushels.

1,382,836
10,586,644
2,700,793
6,290,229
1,708,824

15,156,618
37,725,083
73,880,307
33,534,264

Bushels

41,848

47,782

49,433
31,759

330,317
66,602

893,908
25,093

28,098

^ In years 1866 and 1884 to 1899, inclusive, oatmeal is included.

Table IX.

—

Acreage^ Production, Value, Prices, and Exports of Com in the United States in 1890 to 1899,

Average
Farm Price
per Bushel,
1st Dec.

Chicago Cash Price per Bushel,
No. 2.

Domestic Exports,
includmg Com

Meal, Fiscal Years
beginning 1st July.

Year. Acreage.
Average
Yield per
Acre.

Production.
Farm Value,
1st Dec. December.

May of
following
Year

Low. High. Low. High.

1890 .

1891 .

1892 .

1893 .

1894 .

1895 .

1896 .

1897 .

1898 .

1899 .

Acres

71,970,763
76,204,515
70,626,658
72,036,466
62,682,269
82,075,830
81,027,156
80,095,051

77,721,781
82,108,587

Bushels.
20*7

27*0
23*1

22*5

19*4

26*2
28*2

23*8
24*8

25*3

Bushels.

1.489.970.000
2.060.154.000
1.628.464.000

1,619,496,131
1,212,770,052

2,151,138,580

2,283,875,165
1.902.967.933
1,924,184,660
2.078.143.933

Cents.
50*6

40*6
39*4

36*5

45*7
25*3

21*5

26*3

28*7

30*3
1

1

Dollars.

764,433,461
836,439,228
642,146,630
691,625,627
654,719,162
544,985,634
491,006,967
601,072,952
562,028,428
629,210,110

Cents.

47|
39f
40

84i
44i
25

22i
26

33i
30

Cents.

63
59
425
36^

26|

23J
27i
38

31i

Cents.

55

40im
36i
47i
27J
23
32|
325

*

Cents.

69i
100
444

ssf
655
295
255
37
34|

Bushels.

32.041.529
76,602,285
47,121,894

66.489.529
28,685,405

101,100,375

178,817,417
212,065,543
177,255,046

Table X.

—

Percentage of Crops Exported^ Averages

for Period 1878 to 1896.

Crop

Annual Average.

1878-82. 1888-92. 1894-96.

Wheat . 27-84 17-68 15*96
Corn 4*82 3*49 5*39
Rye 10*30 • • » 12*21
Oats *37 •80 2*22
Barley • 1*55 12-96
Potatoes •37 -SO
Tobacco . 55*84 67-42
Cotton . 72*80 66*79 73-60

from 1894 to 1896 was 16 ; of com, 5‘4
; of rye, 12*2

; of

barley, 13; of tobacco, 67*4; of cotton, 73'6. Large

portions of some of these crops, like corn and oats, are

exported in the form of animals and animal prodncts

(meats, lard, bides, &c.). The bay crop is almost entirely

used in tbis way, and tbe tendency is to convert more and
more of these crops into these higher-priced prodncts.

S^, the time is far distant when domestic consumption
mil come anywhere near overtaking domestic production,

especially of wheat and the other cereals. The certain

extension of acreage with the growth of demand and price,

the increased use of agricultural implements, and the im-

provement of method will be sure to keep up a large

surplus for export for long years to come. The Depart-

ment of Agriculture has found that for home use there is

required per caput 5*5 bushels of wheat, 28*6 bushels of
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of mules per 100 of population increased from $214 in

1880 to $296 in 1889, and declined steadily to $150 in

1898. Since tlie war with. Spain there has been a marked
increase in value, which still continues. Between 1880
and 1890 there were about 25 milch cows for every

100 of population. After 1890 the number increased to

26, and in 1896 fell off to 23. The average value of cows
per 100 of population increased steadily from $565 in

1890 to $780 in 1884, but decreased to $520 in 1898.

The latest reports indicate a marked increase again. The

Table XI.

—

Average Number and Value of Animals per
Farm in the United States in 1880 and 1890, and
Fercentage of Increase or Decrease,

number of sheep in proportion to population increased

from 82 per 100 in 1880 to 93 in 1884, from which there

was a steady decrease to 53 in 1898. The values increased

Table XL shows the average number and value of from $182 per 100 of population in 1880 to $234 in 1883,

animals on farms in the United States in 1880 and 1890, from which there was a downward movement, reaching the

mth. the percentage of increase or decrease during the lowest point, $92, in 1896. The number of swine per 100
decade. of population commenced with 69 in 1880 and reached

In 1880 there were 23 horses to each 100 of popula- their highest point, 85, in 1882, then decreased to 75 in

tion in the United States. The number increased to 25 1888, and to 63 in 1898, The values started at $295 in

in 1893, and declined to 21 in 1896. For the decade 1880, went up to $550 per 100 in 1883, and then declined

1880-90 the average was 21J, and for the period 1890-98 to $270 in 1898. The total value of all farm animals
the average was 23. The average value of horses per 100 per 100 of population increased from $3185 in 1880 to

of population for the ten -years period 1880-90 was the highest point, $4454, in 1884, from which there was
$1462, and for the period 1890-98 $1300. In 1880 a steady decrease to $2300 in 1898. The following tables

there were 3 mules for each 100 of population, and after (XII. and XIII.) give the number, total value, and average

increasing to 4 in 1894 it fell to 3 in 1899. The value price of farm animals in 1880, 1890, and 1900 :

—

Table XII.

—

Number and Value of Farm Animals in the United States, 1880 to 1900.

January
Horbes. Mules. Milch Cows.

1

1. Number. Value. Number. Value. Number. Value,

1880
1890
1900

11,201,800
14,213,837

13,537,524

«613,296,611
978,516,562
603,969,442

1,729,500

2.331.027

2.086.027

¥105,948,319
182,394,099
111,717,092

12,027,000
15,952,883
16,292,360

$279,899,420
352,152,133
514,812,106

January
Other Cattle. Sheep. Swine.

Total Value of

1.

Number. Value. Number. Value. Number. Value

1880
1890
1900

21,281,000
36,849,024
27,610,054

$341,761,154
560,625,137
689,486,260

40,765,900

44,336,072
41,883,065

$90,230,537
100,659,761
122,665,913

34,034,100

51,602,780

$146,781,615
243,418,336

.

$1,576,917,556
2,418,766,028

as2,042,650,818

a Exclusive of swine.

of horses reached the highest figure, 16,206,802, an

increase of over 5,005,002, or 44*6 per cent, over the

number in 1880. The average farm price of horses

increased from $54,75 in 1880 to $74.64 in 1884, after

which there was an uninterrupted decrease to $31.51 in

1896. The extension of street-car lines, and the substitu-

tion of cable and electric power for that of horses, and the

use of bicycles have been factors in decreasing the demand

for these animals. The record for mules has been parallel

to that for horses.

The returns for milch cows show an increase throughout

the period 1880-99 in every year, with the exception of

Table XIII.—Average Value of Farm Anirnals m the

United States on Is^ January, 1880 to 1900.

Year. Horses. Mules.
Milch
Cows.

Other
Cattle.

Sheep. Swine

1880 . . $54.75 $61.26 $23.27 $16.10 $2.21 $4.28
1890 . . 68.84 78.26 22.14 15.21 2.27 4.72
1900 , . 44.61 53.56 31.60 24.97 2.93

Since the Civil War the number of horses has increased

and prices have gradually declined. In 1893 the number

^ Condensed from Eeport of the Division of Statistics of the U.S,
l>ept of Agriculture, 1899.

corn, and 10*7 bushels of oats, the computations being

made from the figures for population, production, and

exports for 1888 to 1892, The following number of

acres in these crops are required, therefore, to supply the

home demand :—0*43 of 1 acre in wheat, 1*15 acre in

corn, and 0*43 acre in oats per head of the population.

If we take the year 1890 as an illustration, this gave a

surplus area in wheat of 11,264,478 acres, of 2,648,404

acres in corn, and of 238,162 acres in oats.

There were 4,008,907 farms in the United States in

1880, and in 1890 there were 4,564,641, an increase of

13*9 per cent. In 1880 the average number of horses to

Number
^ 1890, 3*1. In 1880

and value there was an average of 0*4 mule per farm in

of animals the United States, and in 1890 the number had
per farm, increased to 0*5. There were on the average

three milch cows on each farm in 1880, and in 1890 the

number had increased to 3*5. The number of other cattle

per farm was 5*3 in 1880, and in 1890 it was 8*1. The

average number of sheep fell from 10*2 in 1880 to 9*7 in

1890. There was a corresponding decrease in value. The
number of swine rose from 8*5 in 1880 to 11*3 in 1890.

There were on the average farm in the United States in

1880, 30*2 animals, whose total value was $393, and in

1890 there were 36*2 animals valued at $529, an increase

in numbers of 19*9 per cent., more than keeping pace with

the increase in number of farms, which was 13*9 per cent.;

and in value the increase was $136, or 34*6 per cent.^
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1895 to 1899. For the first ten years the numbers

increased 32*6 per cent., and from 1890 to 1899, *2 per

cent. The total value of milch cows increased each year

until 1884, then decreased until 1891, with a gradual

increase until the end of the period. The farm price of

milch cows rose from $23.27 in 1880 to $31.37 in 1884,

then fell to $21.40 in 1892, after which there was a steady

increase to $31.60 in 1899.

2l7o marked changes in the numbers of sheep have taken

place. During the period 1880-90 there was an increase

m numbers amounting to about 8*8 per cent. Since 1893

there has been a rather steady decrease, with fluctuations

amounting to a marked depression after 1894. This

industry is very susceptible to adverse influences, and felt

keenly the depression in the price of wool. The increase

commenced again in 1898, and numbers have gone up for

two years.

The numbers and values of swine constantly fluctuate

with the movement and value of the corn crops. The
returns for 1890 showed a numerical increase of 51*6 per

cent, over those of 1880
3
then followed a steady decrease

in numbers down to 1897, since which time there has been

a slight increase. The movement in values was similar to

that in numbers. From $4.28 in 1880, the average farm

price of hogs increased steadily to $6.75 in 1883. The
lowest figure, $4.15, was reached in 1891, and after

numerous fluctuations it became $4.40 in 1899.

The total value of farm animals had a steady increase

from 1880 to 1890, with slight variations in 1885 and

[united

1886. Following 1890 there has been a steady decrease
down to the present time, with the exception of slight

increases in 1892 and 189k In 1880 the total value of

farm animals in the United States was $1,576,917,556.
In 1890 it had increased to $2,418,766,028, or 53*4 per
cent. In 1896 the value had decreased to $1,727,926,084,
or 28*6 per cent., from the 1890 values, and an increase of

9*6 per cent, over those of 1880.

The exports of live stock and its products have increased
enormously in recent years, both in quantity and value.

This is especially true of the exportation of beef, cattle,

and meat products. The exports of cattle increased from
182,750 in 1880 to 331,720 in 1895, or 81^ per cent.,

and values from $13,340,000 in 1880 to $30^600,000 in

1895, an increase of 129 per cent. The average value of

cattle exported has increased from $19 in 1870 to $73 in

1880 and $92 in 1895. It must be said, however, that
only the best and heaviest cattle are exported, which com-
mand a much higher price than the average of the
country.

The total value of farm animals exported from the United
States has fluctuated greatly. On the whole, however,
the value has increased from $16,000,000 in round
numbers, in 1880, to nearly $36,000,000 in 1895, or 125
per cent. The following table (Ro. XIV.), compiled from
statistics of the United States Treasury Department, shows,

by years, the number and value of each kind of live animal
exported between 1880 and 1895, inclusive.

The exports of meat products of all kinds, including

AGRICULTURE

Table XIV.

—

dumber and Value of Farm Animals exportedfrom the United States^ by years^ 1880 to 1895.

Tear
ending
30tli

June.

Horses. Mules. Cattle. Sheep. ST^me.
Total
Value.

Number Value. Number. Value. Number. Value. Number. Value. Number. Value.

1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1896

3,060
2,523

2,248
2,800
2,721
1,947
1,616
1,611
2,263
3,748
3,601
3,110
3,226

2,967
5,246

19,984

$675,189
390,243
470,183
475,806
424,317
377,692
348,823
351.607
412,774
592,469
680,410
784,908
611,188
718.607

1,108,995

2,209,298

5,198
3,207
2,632
4,237
3,742
1,028
1,191
1,754
2,971
2,980
3,544
2,184
1,965
1,634
2,063
2,515

$532,362
353,924
320,130
486,560
490,809
127,680
148,711
214,738
378,765
366,333
447,108
278,658
238,591
210,278
240,961
186,462

182,766
185,707
108,110
104,444
190,618
135,890
119,065
106,459
140,208
205,786
394,836
374,679
394,607
287,094
359,278
331,722

$13,344,195
14,304,103
7,800,227
8,341,431

17,856,495
12,906,690
10,958,954
9,172,136

11,677,578
16,616,917
31,261,131
30,446,249
35,099,095
26,032,428
33,461,922
30,603,796

209,187
179,919
139,676
337,251
278,874
234,509
177,694
121,701
143,817
128,852
67,521
60,947
46,960
37,260
132,370
406,748

$892,647
762,932
603,778

1,154,856
850,146
512,568
329,844
254,725
280,490
366,181
243,077
261,109
161,105
126,394
832,763

2,630,686

83,434

77,456
86,368
16,129
46,882
65,025
74,187
75,383
23,755
46,128
91,148
95,654

31,963
27,875
1,553

7,130

$421,089
672,138
609,661
272,516
627,480
679,183
674,297
564.763
193,017
356.764
909,042

1,146,630
364,081
397,162
14,763
72,424

$15,865,432
16,383,340
9,703,969

10,731,169
20,248,247
14,503,713
12,460,129
10,557,969
12,842,624
18.288.664
33,540,768
32.916.664
36,474,060
27,484,869
35,659,894
35,702,656

canned meats and oleomargarine, are subject to consider-

able fluctuation, both in quantity and value, rendering it

impossible to describe them in a few words. The ex-

ports of beef products, which amounted to 241,000,000
pounds, in round numbers, in 1880, increased, with
fluctuations, to a maximum of 507,000,000 pounds in

1891, since which time they have decreased to 345,000,000
pounds in 1895. The values of beef products exported
from the country fell from $26,000,000 in 1880 to
a minimum of $15,000,000 in 1887, and reached a
maximum value of $35,000,000 in 1891. The value of
beef products exported in 1895 was $27,000,000, in
round numbers. The exports of hog products have varied
in a similar manner from 1,230,000,000 pounds in 1880
down to a minimum of 715,000,000 pounds in 1884,
reaching 1,160,000,000 pounds in 1890. The exports
for 1895 were 1,090,000,000 pounds. Values have varied
in a similar manner from a maxiTnum of $105,000,000 in
1881 down to $57,000,000 in 1886, and back up to
$93,000,000 in 1894, The exports of mutton show a
maaijed decareas^ both m quantity and values. Starting

from a maximum of 3,380,000 pounds in 1881, they have
decreased, with many fluctuations, to 101,000 pounds in

1892, but increased suddenly to 2,200,000 pounds in

1894, since which time they have fallen off again. The
values of these exports feU from $258,000 in 1881 to

$9000 in 1892, and increased to $174,000 in 1894, The
exports of oleomargarine were first regularly reported in

1884, and have increased, on the whole, from 40,000,000
pounds in 1884 to 127,000,000 pounds in 1894, and in

values from $4,800,000 in 1884 to $12,400,000 in 1894.

The total value of exported meat products, including

canned goods and oleomargarine, has increased from

$111,000,000 in 1880 to $134,000,000 in 1894 and

$125,400,000 in 1895. The increase for the entire period

was about $14,480,000, or 13 per cent.

The facts with regard to the production, imports,

exports, and consumption of wool in the United States

are presented in Table XV., compiled from estimates from
the Department of Agriculture and the reports of the

bureau of statistics of the Treasury Department. The
production of wool shows an increase, with fluctuations,
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from 232,500,000 pounds in 1880 to 309,748,000 pounds

in 1895, an increase of 33 per cent. Tke imports show
numerous fluctuations, both in quantities and values.

The total value of the imports of wool in 1895 was
$25,556,421. The exports of domestic wool show an
enormous increase, with numerous violent fluctuations,

especially in recent years. Starting with 191,551 pounds

in 1880, valued at $71,987, these exports increased in

1895 to 4,279,109 pounds, valued at $484,463, an in-

crease of 2000 per cent, for quantity and 570 per cent,

for value. The exports of foreign wool also show numer-
ous fluctuations. Their lowest value was in 1884

—

$343,456, and their highest in 1881—$991,407. The
consumption of wool in the United States has increased

from 356,791,676 pounds in 1880 to 509,159,716 pounds
in 1895, an increase of nearly 43 per cent.

Table XV.

—

Production^ Imports, Exports, and Consumption of Wool in the United States, hy years, 1880 to 1895.

Yf‘ar ending Production.
Imports. Exports of Domestic Exports of Foreign Total Exports

Retained for
SOth June.

Quantity. Value. Quantity. Value Quantity. Value. Quantity. Value.
Consumption.

1880
1881
1882
1883

1884

1885

1886

1887
1888

1889

1890
1891
1892
1893
1894
1895

Pounds.

232.500.000

240.000.

000

272.000.

000
290,000,000

300.000.

000

308.000.

000

302.000.

000
' 285,000,000

269.000.

000

265.000.

000

276.000.

000

285.000.

000

294.000.

000
303.153.000
298,067,384
309.748.000

Pounds
128,131,74:7

65,964,236
67,861,744
70,575,478
78,350,651
70,696,170

129,084,958
114,038,030
113,558,768
126,487,729
105,431,286
129,303,648
148,670,832
172,433,838
55,152,585

206,033,906

Dollars.

23,727,650
9,703,968

11,096 050
10,949,331

12,384,709

8,879,923

16,746,081

16,424,479

15,887,217

17,974,615
15,264,083

18,231,372
19,688,108
21,064,180

6,107,488
25,656,421

Pounds-

191,551
71,455

116,179
64,474
10,393
88,006

146,423
257,940
22,164

141,576
231,042
291,922
202,456
91,858

620,247
4,279,109

Dollars.

71,987
19,217

37,327
22,114
3,073
16,739
19,625

78,002
5,272

23,065
33,543
39,423
30,664
14,808
90,676

484,463

Pounds.

8,648,620
5,507,534
3,831,836
4,010,043
2,304,701
3,115,339
6,534,426
6,728,292
4,359,731
3,263,094
3,288,467
2,638,123
3,007,563
4,218,637

5,977,407
2,348,081

Dollars.

637,586
991,407
670,503
664,160
343,456
516,019
759,442
824,770
626,868
460,560
556,473
361,260
403,531
515,470
824,882
294,100

Pounds.

3,840,071
5,578,989
3,948,015
4,074,517
2,315,094
3,203,345
6,680,849

6,986,232
4,381,895
3,404,670
3,519,509
2,930,045
3,210,019
4,310,495

6,497,654 ,

6,622,190

Dollars

709,573
1,010,624
707,830
686,274
846,529
532,768
779,067
902,772
632,140
483,625
590,016
400,683
434,195
530,278
915,558
778,563

Pounds.

856,791,676
290,885.247
335,913,729
356,500,961
376,035,557
375,392,825
424,404,109
392,051,798
378,176,858
388,083,059
377,911,776
411,873,603
439,460,813
471,276,343
346,712,316
509,159,716

American Wheat-Farming.

That wonderful agricultural region, extending from the

international line on the north to the 37th parallel, and
from the Atlantic Ocean to the 100th meridian, and com-
prising 26 States, produces 76 per cent, of the American
wheat crop. This region, which contains only 30 per

cent, of the land surface of the country, but embraces

60 per cent, of its total farm area and 70 per cent, of its

improved farm acreage, is the greatest cereal - producing

region of the world. Besides wheat, it produces 82 per

cent, of the total corn crop, 91 per cent, of the total oat

crop, and 83 per cent, of the total hay crop of the United
States. The methods pursued in the eastern portion of

this region are similar to those used in other parts of the

world
;
but in the north-western portion wheat-growing is

carried on on a gigantic scale, and by methods almost

unknown anywhere else. The best illustrations of the

great or “ bonanza wheat farms, as they are called, are

found along the Bed Eiver of the North, where it flows

between the States of North Dakota and Minnesota.

The wheat grown in the United States is of two distinct

kinds. One is the large-kernel winter wheat of the eastern

States; the other is the hard spring wheat. The “blue
stem” or the “Scotch-Fife” are native varieties of the
latter kind grown in Minnesota and the two Dakotas.
For flour-making this wheat is considered the best in the

world. During the season of 1899 the product of hard
spring wheat amounted to nearly 250,000,000 bushels, or

two-fifths of the entire wheat product of the United States.

Of this, Minnesota and the two Dakotas alone produced

200.000.

000 bushels. Minnesota is the greatest wheat-
producing State in the Union. Her fields in 1899 covered

5.000.

000 acres, and she produced nearly 80,000,000
bushels, which is twice the entire production of all Australia,
and more than that of Great Britain and Ireland put
together. In Minnesota and the Dakotas the farms are
devoted almost exclusively to wheat -growing. Many of
them contain from 3000 to 10,000 acres. .Ml operations
on farms of this size must be carried on upon a gigantic
scale. The country is a very level one, making it possible
to use all kinds of machinery with great success. As

there are no mountains or swamps, there is here very little

waste land, and every square foot of the vast wheat fields

can be made productive.

The first characteristic of a “bonanza” wheat farm is

the machinery. The smallest agricultural implement used

upon them is a plough, and the largest is the

elevator. A hoe or a spade is almost unknown.
Between these two there are machines of all

sizes adapted to the needs of the particular work. Let us

assume the conditions prevailing upon a bonanza farm of

5000 acres, and briefly describe the process of wheat pro-

duction from the ploughing of the land to the delivery of

the grain in the final market. These great wheat farms

were established upon new lands sold directly to capitalists

by the railroads. The lands became the property of the

railroads largely through Government grants, and they

attracted capitalists, who bought them in large bodies

and at low prices. The improvements made upon them
consist of the cheap wooden dwellings for the managers,

dormitories and dining-halls for the men, stables for the

horses, and sheds and workshops for repairing machinery.

Very little of the land is under fence. Since the desirable

lands of the country have been occupied, the prices of these

lands have advanced slowly, with the result that the big

farms are being divided up into small holdings. After a

generation or two, if land continues to rise in the market

as it has recently, the bonanza farms will become a thing

of the past. At present the best of these lands in the

valley of the Red River ofHhe North are worth from $25
to $30 an acre. The improvements upon them add about

$5 an acre more. A farm is not considered a big one

unless it contains from 2000 to 10,000 acres at least.

There are, of course, many small farmers, owning from
two to five sections (640 acres in each section), but their

methods are more like those of the small farmers in the

eastern United States or on the continent of Europe. It

is necessary to own a large body of land in order to be

able to use the machinery and methods here described.

It is hard to convey a just notion of the size of these

farms. They stretch away as far as the eye can reach in

every direction, making it difficult even for the visitor to

conceive their size. The distances across wheat fields are
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so great that even horseback comnmnication is too slow.

The farms are separated into divisions, and lodging-houses

and dining-halls and barns are scattered over them, so as

to keep the workmen and teams near the scene of their

labour. The men living at one end of the farm may not

see those at the other for months at a time. Even then

it is necessary to take the meals to the men in the fields

rather than allow them to walk or ride to the dining-halls.

It is not an unusual thing for a working crew to find

themselves at the dinner hour two miles from their hall.

First, after burning the old straw of the previous year

—

which is real labour in itself, so enormous is its bulk

—

comes the ploughing. This begins in October.
ous og.

plough used has a 16-inch share, turns two

furrows, and is drawn by five horses. Each plough covers

about 250 acres in a season, travelling an average of 20
miles a day. The ploughing begins in October, and con-

tinues a month or six weeks, according to the season. The
ploughs are driven in “ gangs ” under the eye of a super-

intendent, who rides with them. From eight to ten of

these ploughs follow each other around the vast section.

If one stands a few rods ahead of them they seem to be

following one another in a line
;
but, if one stands to the

right of the “gang,” one sees that the line is broken, and
that the second plough is a width farther in the field than

the leader, and so on for the entire number. Experience

shows that it costs about 70 cents an acre to plough the

land in this way. About forty men are employed upon a
farm of 5000 acres during the ploughing season. The
men are paid by the month, and receive about $25, includ-

ing their board. They breakfast at five o’clock, take an
hour for their dinner at noon—^usually in the field—^and

have their supper at seven. At the end of the ploughing
season these particular men are usually discharged. Only
eight or ten are kept on a farm of this size throughout the

year. The other men go back to their homes or to the

factories in the cities, where they await the harvesting and
threshing season. The eight or ten who remain upon the

farm are employed in doing odd jobs, such as overhauling

machinery, or helping the carpenter and blacksmith, or

looking after the horses. The wheat region is a country

of heavy snows, and of severe, dry cold
;
but when March

comes the snows begin to melt away, and by April the

ploughed land is dry enough for the harrow. The harrow-

ing is done with 25-foot harrows, drawn by four horses,

and operated by a single man. One man can harrow 60
to 75 acres a day.

The seeding follows immediately with four-horse press

drills that cover 12 feet. The harrows and drills are worked
in “ gangs ” as the ploughs were. Each drill will

go from 20 to 25 imles a day. When the

weather is good the seeding upon a 5000-acre farm will

be done in twenty or twenty -five days. It is usual to

seed a bushel and a peck of wheat to the acre. The wheat
used for this purpose is carefully selected after the harvest

of the previous year, and is thoroughly cleaned of foreign

seeds. Through years of cultivation, varieties of wheat
have been produced which are particularly well adapted to

the soil and climate of this region. It has been found
more profitable to use the native “blue stem” or “Scotch-
Fife ” wheat than the seed from any other country, or even
from the neighbouring States. Counting the seed, wheat,

and the labour, it costs about $1 an acre to harrow the
ground and plant the wheat.

When the planting is done the extra labourers are dis-

charged again, and the regular ones are put to work on

^
the com, oats, and millet, which are grown to

* feed the horses. The men who do the most im-
portant work axe all temporary labourers. They come
from the cities of the east or the farms of the south.

They begin with the early harvest in Oklahoma, and work
northwards up the Missouri and the Red River until the
season closes in Manitoba. They are not tramps, but
steady, industrious men, with few bad habits and few
ambitions. On well-managed farms drinking and gambling
are strictly forbidden. The work is hard, and, as there
are few amusements of the farm, the men spend their
resting periods in sleep. Their dormitories are usually
comfortably furnished, their dining-halls clean. The
bonanza farmers find it good policy to feed their men
well. Many a strike has occurred in the midst of the
harvest because the quality or quantity of the food served
was not what it ought to have been. The largest part
of this food is brought from the eastern States. Some
potatoes, turnips, and beans are grown upon the farms;
but the corned beef, bacon, and groceries come from the
cities. It is estimated that it costs 35 cents a day to feed
each labourer. Farmers say that a good name in these
respects enables them to get the choice of workmen, and
that no money brings such sure returns as that expended
in the bedrooms and upon the food.

The harvest labourers begin to arrive from the south
about the middle of July, and by the end of this month
the harvest is at its height. A farm of 5000
acres will use 75 or 100 extra men. With the

men comes the new machinery in train loads.

It is estimated that at least $5,000,000 worth of agricul-

tural machines is annually sold in this region. The wheat
farmers say that it does not pay to take undue care of old

machinery, that more money is lost in repairing and tinker-

ing an old machine than would pay for a new one. The
result is that new machinery is bought in very large quan-
tities, used until it is worn out or cannot be repaired

without considerable work, and then left in the fields to

rust. Heaps of cast-iron can be seen already upon many
of the large farms. Of course a great many extra parts

are bought to take the place of those which break most
frequently, and some men are always kept at work repair-

ing machines in the field. One of the big 10,000-acre

farms will use up two car-loads of twine in a single harvest,

enough to lay a line around the whole coast of England,

Ireland, and Scotland. The harvesters vary in size accord-

ing to the character of the land. Upon the rougher ground
and small farms the ordinary binders are used

;
upon the

great plains, like those of California, a great harvester

is used, which has a cutting line 52 feet wide. These

machines cut, thresh, and stack the grain at the rate of

1600 sacks a day, and cover an area in that time of 100

acres. These machines can only be used where the wheat

,ripens thoroughly standing in the field. The harvest

labourer earns $10 a week everj^where in America. The
bonanza farmer expects one machine to cut at least 250
acres, and three men are required for each of them. The
harvest lasts from ten days to three weeks, according to

the weather. Including the labour and the wear and tear,

it costs about 60 cents an acre to harvest wheat.

The wheat is not stacked as in the eastern States and
in England, but stands upright in shocks in the field.

The gram cures very rapidly in the dry climate,

so that by the time the wheat is all cut and
shocked on one end of the division, it is ready for the

thresher at the other. The shocks of wheat are hauled

directly to the thresher and fed into the self-feeder* It

usually takes a day and a quarter to thresh the wheat

which it took a day to cut. The farmer estimates that

a threshing-machine can thresh all the wheat ordinarily

grown upon 2500 acres, so that a 5000-acre farmer would

I

have at least two machines running at the same time,

j

Time is a very important thing in threshing, since a rain-

I fall might spoil enough grain in one night to buy several
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machines. The threshing season is thus a time of great

pressure and of extensively active work. The wheat straw

is worse than a waste product—^it is a great nuisance upon
the bonanza farm. A little of it is used for fuel for the

engines and for bedding the stock
;
but the bulk of it is

dragged away from the threshing machine by machinery,

and left lying in great heaps until an opportunity is

afforded for burning it up. This is usually done imme-

diately before the ploughing in the autumn. The grain

falls from the spout of the thresher into the box wagon,

which carries it to the elevator. The elevator is placed

at the railway station, and is usually owned by the bonanza

farmer.

From the time the sheaves of wheat are tumbled

into the wagon until the flour reaches the hands of the

cook, no hand touches the wheat that passes

retitras
ti^^ough the great Minneapolis mills. When the

re itras.
-boj^.-^^agons reach the elevator the loosing of a

bolt dumps the grain into the bin, where it remains until

the pulling of a lever lets it into the cars. Every pound
of it is weighed and accounted for, and entered upon the

books, so as to show the exact product of each division

of the farm. After the rush of the threshing is over the

farmer studies these books carefully to see what his land

is doing, and makes his plans for the next year, so as to

rest or strengthen those divisions which are failing. It

costs about $1.50 an acre to thresh the grain and put it

into the elevator. This sum, added to the estimated cost

of the other processes mentioned above, makes the total

cost of growing an acre of grain about $3.80. This in-

cludes the cost of labour, seed, and wear and tear of

machinery, but does not include the interest on land or

plant. The taxes on land will average 25 cents an acre.

The farmers estimate that the other improvements, the

water-works, elevators, insurance, horse feed, <kc., will

make this up to $6 an acre. The best of these farms

will yield 20 bushels to the acre. This makes the wheat
cost 30 cents a bushel. During the last five years the

average farm-seUing price of wheat in the North-West has
been 58 cents. An acre thus produces $11.60, making
a gross profit of $5.60. Still to be provided for is the

interest on the operating expenses for eighteen months,

which wiU, at 8 per cent., be 48 cents per acre. Interest

on the capital in land, improvements, and machinery, at

$30 per acre, make $1.80 more, or a total interest charge

of $2.28. ^^en this is deducted from the gross profits of

$5.60 prices found above, we have a net profit of $3.32
an acre, not an exorbitant one by any means. This is

about 8 per cent, on the capital invested in the land, plant,

and operating expenses. But we have described the con-

ditions on one of the best bonanza farms. The average

yield per acre in this region is not over 18 bushels, and
the average expenses would be higher than those given.

Every bonanza farmer’s office is connected by wire with
the markets at Minneapolis, Chicago, and Buffalo. Quota-

„ tions arrive hourly in the selling season, and
the superintendent keeps in close touch with his

agents in the wheat-pits of these and other cities. When
the instrument teUs him of a good price, his agent is in-

structed to sell immediately. The farmer on the upper
waters of the Bed River of the North is kept fully informed
as to the drought in India, the hot winds in the Argentine,
and the floods of the Danube. Any occurrences in these
^tant parts of the world are known to him in a surpris-
i^ly short time. The world’s great wheat fields almost
lie within his sight, so w^ell does he know the conditions
that prevail in them. Ten days are allowed for delivery,
so that he can usually ship the wheat after it is sold. In
the early days of wheat-farming the bonanza farmer often
speculated, but experience has taught him that he had
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better leave this to the men in the cities, and content
himself with the profit from the business under his eye.

The great elevator centres are in Duluth, and Minneapolis,

Chicago, and Buffalo. These elevators have a storage

capacity of from 100,000 to 2,500,000 bushels. The new
ones are built of steel, operated by steam or electricity,

protected from fire by pneumatic water-j^ipes, and have
complete machinery tor drying and scouring the wheat
whenever it is necessary. The elevators are provided -with

long spouts containing movable buckets, which can be
lowered into the hold of a grain-laden vessel. The wheat
is shovelled into the pathway of the huge steam shovels,

which draw it up to the ends of these spouts, where the

buckets seize it, and carry it upwards into the elevator,

and distribute it among the various bins according to
^ade. A cargo of 200,000 bushels can thus be unloaded
in two hours, while spouts on the other side of the elevator

reload it into cars, five to ten at a time, filling a car in

from five to ten minutes, or the largest canal boat in an hour.

The entire woik of unloading, storing, and reloading adds
only one cent to the price of a bushel of wheat.

The great wheat-growing States like Minnesota have
established systems of inspecting and grading wheat under
State supervision. In Minnesota the system is

carried out by the Railway and Warehouse Com-
mission, which fixes and defines the different grading,
grades of wheat and directs the work. At pre-

sent there are 18 grades recognized in this State. The
first is described as “No. 1, hard spring wheat, sound,

bright, and well cleaned, composed mainly of hard ‘ Scotch-

Eife,’ weighing not less than 58 S) to the measuied bushel,”

The second grade is known as “No. 1, northern spring

wheat, sound, and well cleaned, composed of the hard and
soft varieties of spring wheat.” So the varieties run

—

“No. 2, northern”; “No. 3, northern,” (fee.—down to

the 18th, which is “no grade.” The official inspectors

examine, grade, and sample the wheat in the cars in which
it is received at the great markets or elevators. The cars

are sealed at the point of original shipment. The first

thing, therefore, is to examine the seals to see that they

are unbroken. The inspector then samples and examines

the wheat, and enters the grade npon a blank opposite

the number and letters of the car. His tag and sample

go to the wheat exchange or chamber of commerce, where

they are exposed in small tin pans, and form the basis of

the trading. A few years ago the wheat received from
the North-West was very clean indeed, but since the new
land has all been cultivated the fields are growing more
weedy, with the result that the wheat brought in is becom-
ing mixed wuth oats and seeds of weeds, requiring more
careful separating and inspection. After the inspector has
finished his work the cars are resealed with the State seal,

and await the orders of the purchaser. The delay will not

ordinarily he more than one day. The Commission keeps
complete records and samples of each car until the wheat
has passed entirely out of the market. When disputes

occur as to the grade they can thus be instantly settled.

If the grade is changed after a second examination the

State pays the expense of the inspection ; if not, it is paid

by the agent who raises the objection. Only about 5 per

cent, of the samples are ever reinspected, and in less than

2 per cent, of these is the grade changed. The Com-
mission collects the small fee of 20 cents a car for its

services as inspector, and later weighs all the wheat as it is

distributed into the elevators. This small charge pays all

the expenses.

The transportation of the wheat from the fields of the

North-West to the seaport is a business of tremendous

magnitude. Most of this wheat goes by way of the lakes

through the Sault de Sainte Marie canal to Buffalo, where
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it is shipped by rail or inland canal to New York, Phil-

adelphia, or Baltimore. Duluth, on Lake Superior, is, sur-

prising to say, the second port in the United

States in point of tonnage. The Sault de Sainte
po & on.

passes two and a half times as

much tonnage during the eight months it is open as the

Suez canal passes in the entire year. The cheapest trans-

portation in the world is found upon these lakes, the rate

being only three-fourths of a mill per ton of wheat per

mile. The greater lake vessels, called Whalebacks,^’ carry

cargoes up to 250,000 bushels, a bulk difficult to conceive.

YOG bushels is a car-load. At that rate the cargo of

250,000 bushels will fill 360 American cars, or 9 trains of

40 cars each. At 20 bushels to the acre, this single cargo

would represent the yield of two and a half farms of 5000

acres each, like that described above, with every acre in

cultivation. The railways of the North-West have a mono-

poly of the business of hauling wheat, with the result

that it costs 20 cents to ship a bushel of wheat from the

Dakota fields to Duluth, which is as much as it costs to

forward it from Duluth to Liverpool. The bushel of

wheat, or an equivalent amount of flour, can be shipped

from Minneapolis or Duluth to almost any point in western

Europe for from 20 to 25 cents.

What are the prospects of wheat production in the

United States? In his presidential address before the

Prospects ^^^itish Association for the Advancement of

ot wheat Science (1900), Sir William Crookes painted a
prodiiC‘> rather dark picture of the future of the world’s
tion. wheat production. Among other things he said,

“ It is almost certain that within a generation the ever-in-

creasing population of the United States will consume all

the wheat grown within its borders, and will be driven to

import like ourselves.” Americans think that this state-

ment is altogether too pessimistic. Not sufficient account
had been taken of the uncultivated land in farms, and of

the possibilities of improving the yield, and still further

cheapening the product. It is probable that the United
States will by 1933 have a population of 133,000,000.
This population would require a wheat crop of 700,000,000
bushels for its own use alone. Limiting attention to the

great cereal-producing region described above, let us see

what the prospects are for increasing the acreage and the
yield. The fact that these States contain, according to

the last census, over 100,000,000 acres of unimproved
land, already enclosed in farms, suggests at once the great

possibilities in wheat. But all this land is not immediately
available for cultivation. The availableness of the unim-
proved land in these States is chiefly a question of popu-
lation and physical features. In States like New York
and Pennsylvania, which are much broken up by hiUs and
mountains, and have already a large population, it is prob-
able that the land available for wheat cultivation is now
nearly all taken up, although they stUl have 30 per cent, of

unimproved land in farms. In the great States of Michigan,
Missouri, Wisconsin, Minnesota, and the Dakotas there is

still 40 to 50 per cent, of unimproved land in farms. There
are few mountains and hiUs in these States, and there is still

room in them for a large population. It is evident that
in States like these wheat culture is destined to increase
greatly. Twelve States in this vast cereal-growing region—-Oiuo, Indiana, Illinois, Missouri, Kansas, Nebraska,
Michigan, Iowa, Wisconsin, Minnesota, North and South
Dakota—still have from 20 to 40 per cent, of unimproved
land in farms. The total area of these States is nearly
four times that of Erance. Their soil is primarily as fertile

as hers. If we put the population of France at 40,000,000,
the States in question could, at the same ratio, support
a population of 140,000,000. France produced during
the five yeafs ending 1897 eight bushels of wheat per

caput. At eight bushels per caput, the people in these
twelve States alone could produce 1,120,000,000 bushels,

or 420,000,000 bushels more than will be required by the
population of 133,000,000 expected by 1933. This is a
great manufacturing as well as a great agricultural region,

and it is here, therefore, that a large part of this increase

in population will be found.

It is evident that there is great room for improvement
also in the matter of yield per acre. The average yield of

wheat per acre has increased slowly in recent years. So
long as there was so much virgin land to be brought under
cultivation, it is surprising that it has increased at all,

since the tendency everywhere is to “ skin ” the rich, new
lands first. Mr B. W. Snow, foimerly one of the statis-

ticians of the United States Department of Agriculture,

has shown (The Foyvm^ vol. xxviii. p. 94) that the pro-

ducing capacity of the wheat lands, under favourable

weather, increased steadily during the period 1880-1899.

He distinguishes between the actual yield and the

producing capacity, and bases his comparison upon the

latter. He takes the average for each year of five years

between 1880 1899, and shows that the producing capacity

per acre increased 0*5 bushel between the first and the

second period, 1*3 bushels between the second and the

third, and 1*4 bushels between the third and the fourth.

In the period 1880-84, inclusive, the maximum capacity

was a little less than 14 bushels, while in the period 1895-

99 the maximum capacity exceeded slightly 17 bushels

—

an increase of 3*2 bushels per acre, or 23 per cent., in less

than twenty years. He says, “To account for this in-

crease in the potential yield in our wheat-fields many
factors must he taken into consideration. Among these

may he mentioned improved methods of ploughing, tile

drainage, use of the press drill, which results in greater

immunity against winter killing, crop rotation, and, to a

very small extent, fertilization. An important factor to

he mentioned in this connexion is the change in the dis-

tribution of the acreage under wheat, consequent upon
falling prices. A decline in the price of wheat rendered

its production unprofitable where the rate of yield was

small. Gradually these lands were passed over to crops

better suited to them
;
while at the same time the wheat

acreage was increased in districts having a better rate of

yield.” He predicts that “ the increase in the acre yields

in this country has only begun. All that has been accom-

plished during the period under review may be attributed

to improvements in implements for preparing the soil and

planting the seed. Wheat is grown year after year without

rotation—except in a few cases—on a third or more of

I

our wheat acreage
;
not one acre in fifty is directly fertilized

!
for the crop, and only a minimum amount of attention is

given to the betterment of seed stock. If, in the face

of what cannot be considered less than careless and ineffi-

cient agricultural practice, we have increased the wheat

capacity of our land by 3*2 bushels per acre in so short a

time, what may we not expect in the way of large acre

3delds before we experience the hardships of a true wheat

famine^”

Cotton,

Soil and climatic conditions restrict the cultivation of

cotton to a group of States in the southern portion of

America constituting less than one-fourth of the total

area of the United States, yet these States grow over 60

per cent, of all the cotton consumed in the world. The

total value of the annual crop is exceeded among the

cultivated crops of the Unit^ States only by Indian

com, which is grown in every State, and about one year

in four by wheat, which is grown in almost every State.

Its production engages almost exclusively 7,000,000 of
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the people, and its handling for domestic and foreign

markets employs the capital or labour of several millions

more.

Cotton is limited by climatic conditions to the States

south of latitude ST** N. The essential features of the

climate in this section are the long warm season and the

peculiar distribution of the rainfall. Cotton is a sun

plant. Fluctuations in yield per acre in a given place

are less in the case of cotton than in any other product of

the soil; in other words, a certain amount of sunlight

produces a certain amount of cotton. This may be due

to the greater uniformity of all the climatic conditions

obtaining in the cotton belt; but the determining con-

dition as between different sections is the amount of light

and heat distributed over the required number of months.

This period is ordinarily measured by the date of the last

killing frost in the spring and of the earliest frost in the

fall. Cotton-picking may be extended far into the winter,

but the first killing frost stops the active growth of the

plant, and by killing the blossoms and young bolls puts an

end to the production of cotton for that season. Cotton

requires for its development from six to seven months

of favourable growing weather. It thrives in a warm
atmosphere, even in a very hot one, provided it is moist

and the transpiration does not overtax the leaves. The
plant requires, however, an abundant supply of moisture

during the growing stage. A rainfall increasing from the

spring to the middle of summer and then decreasing to

autumn is probably the most favourable condition for the

production of this crop. These are exactly the conditions

that prevail in the cotton States. Cotton grows more or

less successfully on nearly all kinds of soil within this

climatic belt. Light sandy soils, loams, heavy clays, and

sandy “bottom lands’^ will all grow it, though not with

equal success. Sandy uplands produce a short stalk,

which bears fairly well. Clay and bottom lands grow a

plant of large size, yielding less lint in proportion. The
best soils for cotton are the medium grades of loam. The
cotton soil should be of a quality to maintain very

uniform conditions of moisture. Sudden variations in

the amount of water supplied injure the plant decidedly.

A sandy soil does not retain water
;
a clay soil maintains

too much moisture and causes the plant to take on too

rank a growth. The best soil for cotton, therefore, is a
deep, well-drained loam. Cotton is successfully grown in

the south on nearly all kinds of soils, from the piny

ridge soils of North Carolina to the rich bottom soils on
the Mississippi.

The cotton-growing States include those on the Atlantic

slope from North Carolina to Florida and on the gulf

from Florida to New Mexico; also the south-western

portion of Tennessee, the State of Arkansas, and a portion

of Oklahoma. A little cotton has also been grown in

Utah and California. The cotton-growing region measures
over 550,000 square miles, which is about one-fourth of

the total, or one-third of the settled, area of the United
States, In 1890 over 50 per cent, of this was in farms,

and over 20 per cent, was improved, but only about 5 per

cent, of the total area, or one-tenth of the area in farms,

and one-fourth of the area of improved land, is annually
cultivated in cotton. Since the present methods of culti-

vation require about two and one-half acres to produce
one 400-pound bale, the area now in farms in this section

would, if all cultivated in cotton, produce over 80,000,000
hales. So far, therefore, as climatic conditions are con-
cerned, the Southern States could produce eight times as
much cotton as they have ever done without taking in any
wore land.

The question of labour required for the production of a
cotton crop is a serious one. Expert estimates place the
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amount of human labour at about 54 per cent, of the

whole expense of growing the crop. This is a much higher

ratio of the cost of labour than is found in most
other industries. It exceeds the cost of labour

in corn, and wheat-growing, and also in manufacturing
industries. In the cotton mills reporting to the Depart-

ment of Labour the average cost of labour employed is

only about 28 per cent. In 1880 the people in the cotton

belt produced an average of 231 pounds of cotton per

caput; in 1890 this had been increased to 254; and in

the State of Mississippi, where conditions are most favour-

able, the production per caput was 427 pounds in 1889.

With their present population, and under present con-

ditions, the Southern States yield 300 pounds per caput.

The total population of the cotton States may be fairly

placed at 15,000,000. This population could easily pro-

duce a far larger crop than it does now, for there is great

room for improvement in methods of cultivation and
fertilization. There are three classes of farmers engaged

in cotton cultivation, namely, owners of the land, renters

who pay money rental, and share croppers. In the ten

principal cotton States, according to the census of 1890,

there were 57 per cent, of the first class, 15 per cent, of

I

the second, and 28 per cent, of the third.

The result of a careful inquiry as to the cost of produ-

cing cotton in the United States, made in 1897 by the

Department of Agriculture, gives an average cost per acre

on upland farms of $15.42 and the average total return

of cotton fibre and seed $19.03, the average net profit

being $3.61. The average yield is 255*6 pounds of lint

and 16 pounds of seed per acre, and the average price

of lint 6*7 cents per pound and of seed 11*9 cents per

bushel. The average cost of picking one hundred pounds
of cotton is 44 cents and the average cost of producing

lint cotton in all the States and territories is 5*27 cents

per pound. Eighty per cent, of the cotton plantations

reporting in 1896 showed a profit and 20 per cent, a loss.

Figure 1 shows in a graphic manner the

record of cotton production in the United

States every tenth year from 1790 to 1890, exports.

and also for the year 1895; the portion of

each crop consumed at home (divided between north

and south), and the portion exported.

A cotton crop of 9,000,000 bales, such as that of

1899, represents at 7 cents a pound a money value of

$300,000,000. Of this amount, 70 per cent, is exported,

bringing into the country about $210,000,000. Basing

the calculation on the average price of each year, the

cotton crops in America for the last one hundred years

have been worth $15,000,000,000. During the hundred

years about 82,000,000,000 pounds have been exported,

representing a value of $11,000,000,000. In 1790 Great

Britain received from America something less than one

six-hundredth part of her total cotton imports, but only

fifty years later she received from the Southern States

four-fifths of all the cotton she used ;
and the South has

always maintained and still maintains its position in rela-

tion to the cotton consumption of the world. It has

never supplied less than 80 per cent, of the cotton used

by Great Britain and the United States together, and in

1892 the Southern cotton formed 82 per cent, of the

total amount consumed in these two countries.

In the next chart (Fig. 2) an attempt is made to

present in somewhat greater detail the chief facts with

regard to area, production, exports, and values of the

cotton crop during the ten years from 1886 to 1896. It

shows that an average area of a little less than 20,000,000

acres, cultivated each year, has produced in these ten

years a total of over 36,000,000,000 pounds, valued at

more than $3,000,000,000. Of the total production of

AGRICULTURE
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these ten years we exported 24,600,000,000 pounds, worth

$2,250,000,000. The amount exported was 68*3 per cent

of the entire production, leaving only 31*7 per cent, for

home consumption. The average yield per acre during

the last ten years was only 181 pounds and the average

New York price was nearly 9 cents per pound, making

the average value per acre nearly $16.

Millions of bales or 400 lb. weight
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Most interesting and instructive are the results of the

investigations made by the Department of Agri-
6 zees,

culture in 1897 with regard to the use of ferti-

lizers upon cotton. They show that no plant responds

more promptly or more generously to judicious fertilization

than does the cotton plant. The results obtained upon
about fifteen hundred representative cotton plantations in

the five Atlantic coast States—North Carolina, South
Carolina, Georgia, Alabama, and Florida, where fertilizers

have been longest and most used—^were tabulated accord-

ing to the cost of fertilizer per acre. Six classes were

_
formed, ranging from under one dollar’s

worth to six dollars’ worth and over of

9 10 if i2 fertilizer. The planters who spent an

J J 1“ average of 74 cents for fertilizers per

PTHT^T
made an average profit of $4.62

;

those who spent from $1.00 to $2.00
fertilizers made a profit of $5.09

;

TED States ^2.00 to $3.00, a profit of $5.34

;

===* from $4.00 to $5.00, a profit of $7.96 ;

from $5.00 to $6.00, a profit of $8.76

;

and those whose fertilizers cost them
$6.00 and more per acre made a profit

of $12.51. The word profit was used

in this investigation to mean “the
excess of returns over expenses, in-

cluding the theoretical one of rent.”

“Some small charges, such as insur-

ance, repairs, renewals, and supervision,

were omitted.” “It is evident from
the figures above that the point of

diminishing returns was not reached,

I

when the crop was profitable, at any
i J i I degree of fertilization.” The total

number of plantations reporting losses

is only 15 per cent. “The returns from the planters

who suffered a loss, while at first seeming to indicate

a conclusion contrary to the above, in reality do not,

because their crops were subject to abnormal conditions

COTTON /N TNC l/NfTCD STATS^

AVe/tAGi: FAOO(/CT/ON AVCffACC HALUl A\/C/tACC VALUC C£NT 0/~CNOF PC/t CENT OF (

YEAR PER ACRE. PER POC/RO. PER ACRE. EXPORTED. CROP RETA/NED
PCDNOG. CEA/Td. OC/ZARS {NET IVC/GMT) (NET R/E/GHT)

Kg. 2.

and were partial failures, the cause generally having been pounds of potash, and 20 pounds of phosphoric acid in

a drought.” ** In cases of the planters who lost on their suitable form, made on fair average land, containing a

crops the loss is greater as the cost of fertilizers is greater ] reasonable amount of humus, such, for example, as would

but had climatic conditions been favourable, the loss without fertilizer produce 250 pounds of lint per acre,

would have been a profit.” Co-operative experiments by would usually double this crop. Cotton-seed meal, the

selected farmers, dhected by the experiment stations, offal of fisheries, abattoirs, &c., are the commonly used

show that the application of 60 pounds of nitrogen, 20 sources of nitrogen
;
the superphosphates are roade from
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Carolina, Tennessee, or Florida phosphates; and the

potash salts are imported from Germany. These are

commonly mixed to produce a fertilizer containing about

2| per cent, of nitrogen, 9 per cent, of soluble and

reverted phosphoric acid, and 2 per cent, of potash.

Such a fertilizer can usually be laid down upon the farms

in the cotton country for about $5.00 per acre for the

above amounts. Five dollars invested in this kind and

amount of fertilizer will, upon land of the character

described, with favourable weather, produce an increase

in the crop amounting to $10.00 to $15.00. Fertilizers

are gradually being introduced throughout the cotton

country, with the exception of the rich bottoms of the

Mississippi and the black prairies of Texas, where they

have so far never been needed.

Great improvements have also been made in the im-

plements and in the methods of cultivation. This crop,

which under the slave system was cultivated almost

entirely with the hoe, is now cultivated wholly with

machines. On many plantations the hoe is used only

once, to thin the cotton. The culture is carried out with

horse cultivators and is prosecuted as long as the growth

of the plant continues, or until the actual fruiting begins.

According to the reports to the Department of Agriculture

the percentage of each item in the total average cost of
|

cultivating a crop of cotton is as follows :—^Eent of land, !

19 ;
ploughing, 18 ;

seed, 1 ;
planting, 2 ; fertilizers and

distributing, 9 ;
thinning and hoeing, 8 ;

picking, 22

;

ginning and pressing, bagging and ties, 11 ;
wear and tear

on implements, 3 ;
marketing and other expenses, 7 per

cent. It will be seen that picking is much the most

expensive item in cotton cultivation. The great desideratum

still is the cotton-picking machine.

The cotton-plant has undergone a remarkable develop-

ment since its introduction in the southern States. The

Varieties
cottons of to-day differ much from

the original form of Gossypiwm kerbaceum^ which
produced seed cotton, whose lint was only 25 per cent,

of its weight, and had a staple only 20 to 30 mm. long.

Under the influence of the climate, soils, and cultivation

of these States the proportion of lint has been greatly

increased, reaching as high as 36 and even 40 per cent, in

some varieties ; while the length of the staple has increased

correspondingly, reaching in a few varieties a length of 50
or even 60 mm. In only a few varieties, however, have
we obtained this great increase in both percentage of lint

and length of staple. Usually, when the length and fine-

ness of the staple are increased the weight is reduced, and
vice versa. In cases where both length of fibre and weight
have been increased the cotton runs down again very

rapidly, first usually in the weight produced. Cotton is

a plant which supports easily and responds quickly to

differences in environment, soil, climate, treatment, and
manures, and can thus be greatly modified in form and
habit in a few successive generations. The flowers are

open
;
the poUen is produced in great abundance, and is

borne upon the slightest breeze. The stigmas are well

above the anthers, so that cross-fertilization is easy and
common. Seeds from the earlier maturing bolls produce
plants yielding a longer lint than those from the later-

ripened bolls on the same plant. Some varieties produce
a long, silky fibre when grown in rich, moist soil, but
soon lose these qualities when grown on the poorer hill

lands. A variety which has been grown for years in the
northern belt of the cotton region will mature its whole
crop at the same time, while the same variety grown for
a few years in the southern part of the belt will continue
to ripen through several weeks, though the total yield will
be no greater. With this natural tendency to vary, and
with aU these forces to impel the plant to change its form
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or habit, varieties are multiplied indefinitely, even without
the help of the cultivator. Of true botanical varieties,

however, there are few, if any
;
while the agricultural

varieties, so called, are almost innumerable. The result

of this natural tendency of the plant is that the names of

agricultural varieties are in great confusion, and there is

a good deal of humbugging connected with the business

of selling cotton-seed for planting. The natural tendency
of this variation is always back towards its original form.

Unusual fruitfulness always results in loss of vitality, and
the original form, yielding a small crop, always has the

greater vitality, and so a greater prepotency in cross-

fertilization. As a result of this law, constant care in the

selection of seed is essential in order even to keep an im-
proved variety up to its present standard. Only the seed

from the finest typical plants should be saved and used. The
neglect of these principles leads surely to degeneration of

the so-called improved variety. In this way planters are

often disappointed with the results secured from high-

priced seed of new varieties, for which great claims are

made by their originators, and large prices paid. The old

method of saving seed for planting was to take a sufi&cient

number of bushels just as they came from the gin. The
new method of selecting the best plants only of the typical

form is resulting in the steady improvement of the cotton-

plant. If it is intelligently pursued by a large number of

planters for another century, or even a score or two of

years, it wiU certainly result in the still further improve-

ment of this wonderful plant. The great desire, of course,

is to secure a cotton-plant which will yield a maximum
amount of fibre of the longest and finest staple. It is

believed by experts that cotton will be improved steadily

until this end is reached.

The culture of cotton must be a clean one. It is not

necessarily deep culture, and during the growing season

the cultivation is preferably very shallow. The
result of this is a great destruction of the humus
of the soil, and great leaching and washing, especially in

the light loams of the hill country. The main object,

therefore, of the cotton-planter is to prevent erosion.

Wherever the planters have failed to guard their fields by
hillside ploughing and terracing, these have been ex-

tensively denuded of sod, rendering them barren, and
devastating other fields lying at a lower level, which are

covered. The hillsides have to be gradually terraced with

the plough upon almost an exact level. On the better

farms this is done with a spirit-level or compass from time

to time, and hillside ditches put in at the proper places.

In the moist bottom-lands along the rivers it is the custom

to throw the soil up in high beds with the plough, and
then to cultivate them deep. This is the more common
method of drainage, but it is an expensive one, as it has

to be renewed every few years. More iutelligent planters

drain their bottoms with underground or open drains. In
the case of small plantations the difficulties of adjusting

a right-of-way for outlet ditches have interfered seriously

with this plan. Many planters question the wisdom of

deep-breaking and subsoiling. There is no question that

a deep soil is better for the cotton-plant ;
but the expense

of obtaining it, the risk of injuring the soil through leach-

ing, and the danger of bringing poor soil to the surface,

have led many planters to oppose this plan. Sandy soils

are made thereby too dry and leachy, and it is a question-

able proceeding to turn the heavy days up upon the top.

Planters are, as a result, divided in opinion as to the

wisdom of subsoiling. Nothing definite can be said with

regard to a rotation of crops upon the cotton plantation.

Pknters appreciate generally the value of broad-leaved

and narrow-leaved plants and root crops, but there is an
absence of exact knowledge, with the result that their

AGRICULTURE
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practices are very varied. It is believed that the rotation

must differ with every variety of soil, with the result that

each planter has his own habit in this respect, and little

can be said in general. A more careful study of the

physical as well as the chemical properties of a soil

must precede intelligent experimentation in rotation. This

knowledge is still lacking with regard to most of the cotton

sods. The only uniform practice is to let the fields “ rest”

when they have become exhausted. Nature then restores

them very rapidly. The exhaustion of the soil under

cotton culture is chiefly due to the loss of humus, and

nature soon puts this back in the excellent climate of the

cotton-growing country. Fields considered utterly used

up and allowed to ‘‘rest” for years, when cultivated again,

have produced better than those which had been under a

more or less thoughtful rotation. In spite of the clean

culture, good crops of cotton have been grown on some

soils in the south for more than forty successive years.

The fibre takes almost nothing from the land, and where

the seeds are restored to the soil in some form, even with-

out other fertilizers, the exhaustion of the soil is very slow.

If the buxning-up of humus and the leaching of the soil

could be prevented, there is no reason why a cotton soil

should not produce good crops continuously for an in-

definite time. Bedding up land previous to planting is

almost universal. The bed forms a warm seed-bed in the

cool weather of early spring and holds the manure, which

is drilled in usually, to better advantage. The plants are

generally left 2 or 3 inches above the middle of the row,

which in 4-foot rows gives a slope of 1 inch to the foot,

causing the plough to lean from the plants in cultivating,

and thus to cut fewer roots. The plants are usually cut

out with a hoe from 8 to 14 inches apart. It seems to

make little difference exactly what distance they are, so they

are not wider apart on average land than 1 foot. On rich

bottom-land they should be thinner. The seed is dropped
from a planter, five or six seeds in a single line, at regular

[tJNITEI)

intervals, 10 to 12 inches apart. A narrow, deep furrow
is usually run immediately in advance of the planter, to
break up the soil under the seed. The only time the hoe
is used is to thin out the cotton in the row

; all the rest
of the cultivation is by various forms of ploughs and
so-called cultivators. The question of deep and shallow
culture has been much discussed among planters without
any conclusion applicable to all soils being reached. All
grass and weeds must be kept down, and the crust must
be broken after every rain, but these seem to be the only
principles upon which all agree. The most effective tool
against the weeds is a broad, sharp “ sweep,” as it is called

which takes everything it meets, while going shallower
than most ploughs. Harrows and cultivators are used
where there are few weeds, and the mulching process is

the one desired. The date of cotton-planting runs from
1st March to 1st June, according to situation. Planting
commences early in March in Southern Texas, and the first

blooms will appear there about 15th May. Planting may be
done as late as 15th April in the Piedmont region of North
Carolina, and continue as late as the end of May, The
first blooms will appear in this region about 15th July.

Picking may commence on 10th July in Southern Texas,

and continue late into the winter or until the rare frost

kills the j)lants. It may not begin until the 10th of Sep-
tember in Piedmont, North Caiolina. It is a peculiarity

of the cotton-plant to lose a great many of its blooms and
bolls. When the weather is not favourable at the fruiting

stage the otherwise hardy cotton-plant displays its great

weakness in this way. It sheds its forms, as the buds
are called, its blooms, and even its half-grown bolls in

great numbers. It has frequently been noted that even

well-feitilized plants upon good soil will mature only 15

or 20 per cent, of the bolls put on. No means is known
so far for i^reventing this great waste. Even experts are

at an entire loss to form a correct idea of the cause or to

apply any effective remedy.
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Table XYI.

—

Acreagej Froduciiony arid VdluCy Prices, and Exports of Cotton in the United States,

1875-1898.1

Average
Yield
per

Acre,

Average

New York Closing Prices per
Pound on Middling Upland. Domestic

Year. Acreage. Production.
Farm
Price
per

Pound

Value
December. May of Follow-

ing Year.

Exports,
Fiscal Yeais
beginning
1st July.

Low, High. Low. High.

Acres. Bales Bales. Cents. Bollars. Cents. Cents. Cents. Cents.
Bales of 600

pounds.

1875 10,803,030 •43 4,632,313 11-1 233,109,945 13* 13* IHI ISi 2,982,810
1876 •38 4,474,069 9*9 211,655,041 12* 12^ loif Hf 2,890,738
1877 12,600,000 •38 4,773,865 10 5 235,721,191 Hi H| loi Hi 3,215,067
1878 12,266,800 •41 5,074,155 8*2 193,467,706 m 9i 115 13| 3,256,746
1879 12,595,500

16,475,300

•46 5,761,252 10-2 242,140,987 12| 13* iiH 115 3,644,122
1880 •43 6,605,750 9*8 280,266,242

294,135,447
Hi 12 10* lOf 4,881,857

1881 16,710,730 •33 5,456,048

6,949,756

10*0 ISJ 12* 12| 3,479,951
1882 16,791,557 •41 9*9 309,696,500 lOi 10* m Hi 4,576,150
1883 16,777,993 •34 5,713,200 9 0 250,694,750 10| 10* iH Hi 3,725,145
1884 17,439,612 *33 5,706,163 9*2 253,993,385 10/^ 11* 10* 11 3,783,318
1885 18,300,865 •36 6,575,691

6,505,087

8*5 269,989,812 9A 9* 9* 4,116,074
1886 18,454,603 •35 8-1 309,381,938 9* 9t®^ 10| 11* 4,338,914
1887 18,641,067 •38 7,046,833 8-5 337,973,463 10^ lOrf 9* 10* 4,628,241
1888 19,058,591 •36 6,938,290 8-5 364,454,340 H n 11 11* 4,769,633
1889 20,171,896 •36 7,311,322 8-3 402,951,814 lOi lOJ 11* 12J 4,948,599
1890 20,809,053 •42 8,652,597 8*6 369,568,858 9* 8i 8* 5,814,717
1891 20,714,937 •44 9,035,379 7-3 326,513,298 7| 8* 7J 7* 5,870,439
1892 18,067,924 •37 6,700,365 8-4 262,252,286

274,479,637
93 10 7* 4,424,230

1893 19,525,000

23,687,950
KB 7,549,817 7-0 7H 8* n 73 6,366,564

1894 •42 9,901,251 4*6 287,120,818 5^ m H 7§ 7,034,866
1895 20,184,808 •36 7,161,094 7-6 260,338,096 8J 8* 8 8| 4,670,452
1896 23,273,209 •37 8,532,705 6-6 291,811,564 7* 7* 7i 7* 6,207,509
1897 24,319,584 •45 10,897,857 6*6 319,491,412 5H 6* 8* 7,700,528
1898 24,967,296 •45 11,189,205 6-7 305,467,041 5§ 55 74 H 7,546,820

1 From the Year-Book, U.S. Department of Agriculture, for 1899.

Ootton-pickiag is at once the most difficult and most at the rate of from 45 to 50 cents per cwt. of seed cottom

expensive operation in cotton production. It is paid for This is light work, and is effectually performed by women
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and even children, as well as by men
; but it is tedious,

and requires care. The picking season will average 100
days. It is difficult to get the hands to work

Picking* cotton is fully opened, and it is hard

to induce them to pick over 100 5) a day, though

some expert hands are found in every cotton plantation

who can pick twice as much. The loss resulting from

careless work is very serious. The cotton falls out easily

or is dropped. The careless gathering of dead leaves

and twigs, and the soiling of the cotton by earth or by
the natur^ colouring matter from the bolls, injure the

quality. It has been commonly thought that the produc-

tion of cotton in the south is limited by the amount that

can be picked, but this limit is evidently still very remote.

The negro population of the towns and villages of the cotton

country is usually available for a considerable share in

cotton -picking. There is in the cotton States a rural

population of over 7,000,000, more or less occupied in

cotton-growing, and capable, at the low average of 100 S>

a day, of picking daily nearly 500,000 bales. It is evident,

therefore, that if this number could work through the

whole season of 100 days, they could pick three or four
times as much cotton as the largest crop ever made.

The comparative figures in Table XYII., compiled from
the reports of the bureau of statistics of the Treasury Depart-
ment, show the number of bales of cotton exported to each
foreign country in 1889, as compared with the years 1898 and
1899. All bales are reduced to the uniform weight of 500
pounds each.

Table XYII.—Exports of Qottonfrom United States to Foreign Countries?'

In Bales of 500 pounds.

Countries.

Tear ending SOtli June
1889.

Year ending SOtli June
1898.

Year ending SOth. June
1899.

Bales. Value. Bales. Value. Bales. Value.

Austria-Hungary . 5,610 $275,275 35,614 $987,724 67,127 $1,576,175

Belgium 147,807 7,556,687 161,942 4,809,609 129,525 3,599,471

Denmark 24,741 732,810 39,249 1,078,300

France . 400,196 20,174,839 842,038 24,699,724 803,406 21,946,691

Germany 660,756 32,308,593 1,858,524 54,886,245 1,728,975 47,346,679

Italy 131,068 6,460,413 387,581 11,468,026 417,353 11,652,768

Ketherlands . 44,354 2,188,771 43,509 1,292,788 61,621 1,401,040

Portugal ... 18,835 588,923 21,627 612,132

Russia . 144,036 7,506,201 103,825 3,133,758 95,011 2,796,793

Spain . 181,533 9,200,998 263,648 8,180,970 248.635 7,194,100

Sweden and Nor\say 8,717 420,412 25,613 744,287 23,624 703,503

United Kingdom . 2,940,800 146,605,505 3,532,101 105,853,614 3,609,444 99,709,352

Rest of Europe 9,547 475,182 ... ...

Dominion of Canada . 61,143 2,980,556 12^495 3,961,586 98,230 2,994,674

Mexico . 33,803 1,607,395 42,433 1,321,473 36,130 1,048,473

West Indies (French) ... ... 17 653 5 187

China . ... 11,302 370,670 4,060 181,734

East Indies (British) , ... .. 297 9,130 9 308

Hong-Kong . ... ... 1,800 72,000 56 1,710

J apan . • « 47 2,341 224,214 7,428,226 182,734 5,774,784

All other countries 216 12,102 ...

Total . * 4,769,633 237,776,270 7,700,529 230,442,215 7,546,821 209,563,874

^ From the Yem Booh, U.S. Department of Agriculture, for 1899,

Except in the cases of Belgium and Russia, the increase in

exports has been very large, in some cases the amount being more
than double what it was eight or ten years earlier. Kotwithstand-

mg a net decrease of 153,708 bales in 1899 as compared with 1898,

these two years are conspicuous as having recorded the largest ex-

ports of cotton in the history ofthe United States (see Table XVI. ).

The extremely low prices in 1897-98 and 1898-99 reduced the ex-

E
ort values $7,333,055 in the former, and $28,211,396 in the
Ltter year, as compared with those of 1889, although the number

of bales exported in 1898 was 2,930,896, and in 1899 was 2,777,188
greater than in 1889.

While there are no available statistics showing the annual crops

of all the cotton-producing countries, the consumption of the
mills in Great Britain, the Continent of Europe, the United
States, India, Japan, Canada, Mexico, and other countries fairly

approximates the world’s production. The following statistics

(Table XVIII.) taken from Dr Thomas Keilsou’s Annual Beview
of the Cotton Trade, issued in Liverpool, 1st IS’ovember 1899,

show the number of bales of cotton consumed by the mills of the
world from 1890-91 to 1898-99, inclusive ;

—

Table XYIII.—The World's Consumption of Cotton,

1890-91 to 1898-99.

In bales of 500 pounds.

Year
ended

Sept. 80.

Great
Britain.

Continent
of Europe.

United
States.

India.
All other
Countnes.

Total,

iililllll

3.884.000

8.881.000
2,866,000
8.238.000
8.250.000
8.276.000
3.224.000
8.482.000
8.619.000

3.631.000
8.640.000
8.692.000
8.848.000
4.030.000
4.160.000

4.868.000
4.628.000
4.836.000

2.867.000

2.576.000
2.551.000
2.264.000
2.748.000
2.672.000
2.788.000
2.962.000
8.558.000

924.000
914.000
018.000
959,000

1.074.000

1.105.000
1.004.000
1.141.000
1.297.000

150.000
160.000
220,000
250.000
300.000
419.000
483.000
718.000
727,000

10,456 000
10.471.000
10.247.000
10.654.000
11,397,(^00

11.582.000
11.822.000
12,876,000
18,932,000

These figures certainly show a very large increase in the
consumption of cotton, the increase in all countries in 1898-99

over the previous year amounting to 1,056,000 bales, of which
more than one-half was in the United States, while the increase

in all countries since 1890-91 amounts to 8,476,000 hales. In
1898-99 this increase, as compared with the previous year,

amounts to 591,000 bales, as against 208,000 in all continental

European countries, 156,000 in India, and 87,000 in Great Britain.

Since 1890-91 the United States shows an increase of 1,186,000

bales, as compared with 1,205,000 in all continental European
countries, 373,000 in India, and 185,000 in Great Britain.

Prices of all products entering the world’s markets tend to

fluctuate less and less with the development of transportation,

the telegraph, the crop reporting system, and the publication of

market news. Present prices are raised or lowered in anticipa-

tion of higher or lower prices in the future. This is well

illustrated by the prices of cotton shown in Table XIX.
The range of prices was higher and the fluctuations were more

violent in the decades 1821-30 and 1831-40, than during any
other decades except that of the Civil War (1861-70). There has
been a gradual diminution in the range of prices, the fluctuations

being less during the decade 1881-90 than at any other period.

The greatly increased crops since 1890 have depressed the price

very much, causing a slightly increased range. But the tendency

is towards a permanently narrow range of fluctuations.

The use of improved implements, the introduction of better

methods of cultivation, the establishment of a more economical

system of labour, and especially the use of fertilizers, have

cheapened considerably the cost of cotton production—exactly

how much, however, it is impossible to say. Until recent years

no accurate records of the cost of cotton production were kept.

So long as cotton brought a high price, the planters were extrava-

gant in their methods of culture, and the factors and transporta-

tion companies excessive in their charges. The low prices of

cotton which have prevailed for a number of years have taught

farmers how to make cotton more economically and how to get
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the full value of it after it is made, with the result that they are

iu better condition now to produce cotton at a steady and trust-

worthy profit than they ever were before.

Table XIX.—Showing the Range of Prices ofMiddling Upland

Cotton^ per Pounds in New York from 1821 to 1895, vnclusvoe.

Cotton Seed.

The history of no agricultural product contains more
of interest and instruction for the student of economics

than does that of cotton seed. The revolution in its

treatment is a real romance of industry. Up till 1870, or

thereabouts, it was regarded as a positive nuisance upon
the plantation. It was left to accumulate in vast heaps

about ginhouses, to the annoyance of the farmer and the

injury of his premises. For cotton seed in those days was
the object of so much aversion that the planter burned it

or threw it into running streams, as was most convenient.

If the seed were allowed to lie about, it rotted, and hogs
and other small animals, eating it, often became sick and
died. It was very difficult to burn, and when dumped
into rivers and creeks, was carried out by flood water to

All the edges of the flats with a decaying mass of veget-

able matter which gave rise to offensive odours and
malaria. Although used in the early days to a limited

extent as a food for milch cows and other stock, and to a
larger extent as a manure, no systematic efforts were made
anywhere in the South to manufacture the seed until the

later 'fifties, when the first cotton seed mills were estab-

lished. It is said that there were only seven cotton oil

mills in the South in 1860. The cotton-growing industry

was interrupted by the Civil War, and the seed-milling

business did not begin again until 1868. Since that time
the number of mills has been rapidly increasing. There
were 25 in the South in 1870, 50 in 1880, 120 in 1890,
and about 500 in 1901.

Long experience shows that 1000 pounds of seed are

produced for every 500 pounds of cotton brought to
market. On the basis, therefore, of a cotton crop of

10.000.

000 bales of 500 pounds, there were produced in

the South in 1900, 5,000,000 tons of cotton seed. About

3.000.

000 tons only are pressed, producing products worth
$65,000,000 at present prices. There remains, therefore,

to be utilized on the farm 2,000,000 tons of cotton seed,

which, if manufactured, would produce a total of

$100,000,000 from cotton seed. Li contrast with the

farmers of the 'sixties, the southern planter of to-day

appreciates the value of his cotton seed, and farmers too
remote from the mills to get it pressed, now feed to their
stock all the cotton seed they conveniently can, and use
the residue either in compost or directly as manure. The
average of a large number of analyses of whole cotton
seed gives the following figures for its fertilizing con-
stituents :—Nitrogen, 3*13 per cent.

; phosphoric acid
1*27 per cent.; potash, 1*17 per cent.; besides small
amounts of lime, magnesia, and other valuable but less

important ingredients. Using average prices paid for

nitrogen, phosphoric acid, and potash, when bought in
large quantities and in good forms, these ingredients, in a
ton of cotton seed, amount to $9.00 worth of fertilizing

material. Compared with the commercial fertilizer which
the farmer has to buy, cotton seed possesses therefore a
distinct value.

The products of cotton seed have become important
elements in the national industry of the United States.

The main product is the refined oil, which is used for a
great number of purposes, such as salad oil, compound
lard, miners' oil, and the like. The poorer grades are

employed in soap-making. Cotton seed cake or meal is

one of the most valuable of feeding stuffs, as the following

simple comparison between it and oats and corn will

show :

—

Average Analyses.
Proteins
or Flesh
Pormeis.

Carbo-hydrates
or Fuel and Pat

Suppliers.

Paf- Ash or Bone
Makers.

Cotton seed meal

.

43 ‘26 22*31 13*45 7-02

Corn . 10-5 70*0 5*5 1-02

Oats . 17-0 65*0 8*0 1*2

Cotton seed meal, though poor in carbo-hydrates, the fat

and energy-supplying ingredients, is exceedingly rich in

protein, the nerve- and muscle-feeding ingredients. But it

still contains a large amount of oil, which forms animal
fat and heat, and thus makes up for part of its deficiency

in carbo-hydrates. The meal, in fact, is so rich in

protein that it is best utilized as a food for animals when
mixed with some coarse fodder, thus furnishing a more
evenly-balanced ration. In comparative valuations of

feeding stuffs, it has been found that cotton seed meal

exceeds corn meal by 62 per cent., wheat by 67 per cent.,

and raw cotton seed by 26 per cent. Cotton seed meal, in

the absence of sufficient stock to consume it, is also used

extensively as a fertilizer, and for this purpose it is worth,

determining the price on the same basis as used above for

the seed, from $19 to $20 per ton. But it has seldom

reached this price, except in some of the Northern States,

where it is used for feeding purposes. A more rational pro-

ceeding would be to feed the meal to animals and apply

the resulting manure to the soil. When this is done, from

80 to 90 per cent, of the fertilizing material of the meal

is recovered in the manure, only 10 to 20 per cent, being

converted by the animal into meat and milk. The profit

derived from the 20 per cent, thus removed is a very

large one. These facts indicate that we have here an

agricultural product, the market price of which is stiU far

below its value as compared, on the basis of its chemical

composition, either with other feeding stuffs or with other

fertilizers. Though it is probably destined to be used

even more extensively as a fertilizer before the demand
for it as a feeding stuff becomes equal to the supply,

practically all the cotton seed meal of the South will

ultimately be used for feeding. One explanation of this

condition of things is that there is still a large surplus of

cotton seed which cannot be manufactured by the nulls, at

least under the existing arrangements for its transportation.

Another reason is found in the absence of cattle in the

South to eat it.
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With the consideration of cotton seed oil and meal we

have not, however, exhausted its possibilities. Cotton

seed hulls constitute about half the weight of the ginned

seed. After the seed has been passed through a fine gin,

which takes off the short lint left upon it by the farmer,

it is passed through what is called a sheller, consisting of

a revolving cylinder, armed with numerous knives, which

cut the seed in two and force the kernels from the shells.

The shells and kernels are then separated in a winnowiag

machine. This removal of the shell makes a great

difference in the oilcake, as the decorticated cake is more

nutritious than the undecorticated. For a long time

these shells or hulls, as they are called, were burned at oil

for fuel, two and a half tons being held equal to a cord

of wood, and four and a third tons to a ton of coal. The

hulls thus burned produced an ash containing an average

of 9 per cent, of phosphoric acid and 24 per cent, of

potash—a very valuable fertilizer in itself, and one eagerly

sought by growers of tobacco and vegetables. It was not

long, however, before the stock-feeder in the South found

that cotton seed hulls were an excellent substitute for hay.

They are now fed on a very large scale in the vicinity of

oil TYiills in southern cities like Memphis, New Orleans,

Houston, and Little Rock, from 500 to 5000 cattle being

often collected in a single yard for this purpose. No
other feed is required, the only provision necessary being

an adequate supply of water and an occasional allowance

of salt. Many thousands of cattle are fattened annually

in this way at remarkably low cost. For this purpose

hulls sell at from $2.50 to $3 per ton.

The following diagram, modified from one by Grim-

shaw, in accordance with the results obtained by the

better class of modern mills, gives an interesting reswfne

of the products obtained from a ton of cotton seed :

—

Products from a Ton of Cotton Seed,

Cotton seed, 2000 pounds.

Lmiers, 23 pounds.

Meats, 1090 pounds. Hulls, 888 pounds.

Cake, 800 pounds.

Meal.

(Feeding stuff. Fertilizer.)
Fibre.

Crude oil, 290 pounds. (Higb-grade paper.)

(Winter
yellow

I

Summer Yellow.

Cotton seed
stearin.)

Soap stock. (Fuel.)

Bran.

(Cattle food.)

Soaps. Ashes.

Salad oil.

Summer white. Fertilizer.

Lard.

(Cattle food)
with the meal.

These together,
a very valuable

manure.

Oottolene (with beef steann, cooking oil).

produced 27,000,000. Since the Civil War the rice

industry has been developing steadily in Louisiana
; it

averaged nearly 30,000,000 pounds for the decade 1870-80,

71,000,000 pounds in 1880-90, and obtained its greatest

development in 1892, when it reached 182,000,000 pounds.

The annual production is only about one-half as great as

the annual consumption. The only statistics available are

those made up by commercial companies, and represent

only the amounts placed upon the market. The quantities

consumed at home and retained for seed are considerable,

but cannot be ascertained. The following table is from
statistics reported by Dan Talmage^s Sons Co., and gives

the annual average market production of rice for the

periods 1881-90 and 1891-98 :

—

Table XX.—Annual Average Market Production of Rice in the

United States for the periods 1881-90 and 1891-98.

Penods.
North

Carolina.
South

Carolina.
Georgia. Louisiana. Total.

1881.90
1891-98

7,135,870
3,941,712

28,408,940
25,381,895

16,919,910
9,423,064

71,409,961
104,348,675

123,869,681
143,095,346

The annual imports of rice in the United States for 1894 to

1899 averaged 121,000,000 pounds, and the imports of broken
rice, flour, and meal, 63,000,000 pounds—the whole having an
average annual value of $3,200,000.

Flax and Hemp.

The total number of acres devoted to the cultivation of

flax for seed and fibre, both in 1889, was only 1,318,698.

The production of flax seed was 10,250,000 bushels and

the production of fibre 242,000 pounds. Throughout the

greater portion of the flax-producing region the straw is

not utilized, even for tow or for paper-making. That portion

of the flax straw having a determinable value was only

207,757 tons. The total value of all flax products in 1889

was $10,436,000. The imports of flax fibre and manu-
factured goods amount to from $16,000,000 to $18,000,000

a year, and $2,000,000 to $3,000,000 of this represents

raw flax fibre. In consideration of these facts, the United

States Department of Agriculture is making special efforts

to establish the flax fibre industry in the United States.

Experiments have been carried on in Minnesota, Oregon,

and Washington, which indicate that flax can be success-

fully grown for fibre in these States. In 1860 nearly

1 100,000 tons of hemp {Cannabis sativa) were produced,

while in 1895 hardly more than 5000 tons were reported

for the whole country. The introduction of Manila hemp,

the large importation of jute, and the decline in American

shiphuSding are the reputed causes for this falling-off.

The census of 1890 showed 25,000 acres in hemp, yielding

11,500 long tons, worth $1,102,000. Nearly aU of this

was grown in the State of Kentucky.

Tobacco.

Miners* oil.

Soap.

Rice.

Rice production in the United States is limited to that

portion of the South Atlantic States nearest the sea. For
two decades prior to 1861 the annual production of

rice in North Carolina, South Carolina, and Georgia
averaged more than 1,000,000 pounds of the clean grain.

South Carolina produced over three-fourths of this. This
industry was wrecked by the Civil War and has never

been fuUy restored. From 1866 to 1880, inclusive, the

annual production of these three States averaged only
about 40,000,000 pounds, of which South Carolina pro-

duced one-half. Since 1880 their average annual produc-
tion has been 46,000,000 pounds, of which South Carolina

The tobacco crop of 1889 amounted to 488,256,646

pounds, grown upon 695,301 acres; that of 1879 was

472,661,157 pounds, grown on 638,841 acres, which shows

an increase of about 9 per cent, in acreage and 4 per cent,

in products. The average yield per acre for 1879 was

738*28 pounds; for 1889, 702*22 pounds. Tobacco is

grown to a greater or less extent in nearly every State and

territory, the only exceptions being the northern Rocky

Mountain States : but it is a commercial product in only

fifteen States, which together raise 98 per cent, of the

crop of the country. These fifteen States are, in the order

of the weight of the crop, Kentucky, Virginia, Pennsylvania,

Ohio, Tennessee, North Carolina, Maryland, Connecticut,

Missouri, Wisconsin, Indiana, New York, Massachusetts,

Illinois, West Virginia. Two other States, Florida and

Texas, are known to have produced some cigar tobacco

S. I — 29
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since the last census was taken. In yield per acre

Connecticut ranks first, with. Massachusetts, Pennsylvania,

New York, Wisconsin, Ohio, Missouri, and Kentucky

following in the order named. In area cultivated Kentucky

is first, Virginia second, North Carolina third, Tennessee

fourth, Maryland fifth, Ohio sixth, Pennsylvania seventh,

and Missouri eighth. There is a great difference in the

annual yield per acre by weight in the different States,

due not alone to the difference in soil and care in culti-

vation, but also to the varieties cultivated and to differences

in the weather, to which the tobacco plant is extremely

susceptible. Some of the lighter varieties are grown for

beauty of colour and richness of fiavour
;
other varieties

are grown for bulk and weight. In the States having the

[UNITJSI)

highest yield per acre, the seed leaf varieties are principally

grown and high manuring practised. In Ohio and
Kentucky the burly varieties are largely grown, which
produce a large bulk. In North Carolina, on the other
hand, the bright yellow variety is extensively raised, which
gives a low yield per acre by weight. The following table

(XXI.) contains statistics of tobacco production, exports,

and imports, based upon information collected by the com-
missioner of internal revenue and the bureau of statistics

of the Treasury Department. The tobacco manufactured
is reported to the first-named office, and that imported
and exported to the last. From these data it is pos-

sible to ascertain approximately the total crop of the

country :

—

AGRICULTURE

Table XXL

—

Production of Tobacco in the United States, 1892 to 1898, as compiled from the Reports of the

Bureau of Internal Revenue amd of the Bu/reau of Statistics of the Treaswry Department.

1892. 1893. 1894. 1S95. 1896. 1807. 1898.

Tobacco manufactured

;

Chewing, smoking, and
snuff^

Cigars and cigarettes ^

Exports, domestic^ .

Exports, foreign^

Pounds.

234,081,332
96,925,980

277,258,871
1,611,863

Pounds.

249,858,869
89,973,814

304,797,808
1,776,636

Pounds.

250,994,676
93,639,213

293,637,217
3,060,386

Pounds.

234,561,904
95,053,056

800,047,687
2,767,454

Pounds.

265,871,168
96,213,478

281,074,422
1,779,103

Pounds.

247,358,414
102,519,323
269,966,833

2,323,516

Pounds.

286,453,738
106,855,524
346,823,677

1,847,637

Less imports ^
.

609,878,046
22,093,270

646,407,127
24,899,175

641,331,490
31,855,899

632,430,101
20,258,704

644,938,156
12,848,743

622,168,086
11,307,830

741,980,576
17,107,839

587,784,776 621,507,952 609,975,591 612,171,397 632,089,413 610,860,256 724,872,737

^ For calendar year following.

The average amount of unmanufactured tobacco exported each
year during the five years 1894:-98 was 293,033,628 pounds, valued
at 124,267,718. The exports averaged 45 per cent, of the crop.

Sugar and Molasses.

The product of sugar cane, sorghum, and maple sap in

1880 and 1890 was as follows :

—

Sugar Carie^

1880. 1890.

Sugar . . . 214,646,400 301,284,395 pounds.
Produced on . 227,776 274,975 acres.

Molasses . . 16,573,273 25,409,228 gallons.

This is an increase of 20*72 per cent, in area under
cultivation, of 40*36 per cent, in sugar, and 53*31 per

cent, in merchantable molasses.

Sorghum.
1880. 1890.

Sugar . . . 12,792 ... pounds.
Molasses . . 28,444,202 24,235,219 gallons.

confined to the north-western and central States. The
States yielding 2,000,000 pounds, or more, each of

maple sugar, are Vermont, New York, Michigan, Ohio,

Pennsylvania, and New Hampshire. In 1895 only

30.000 tons of sugar were made in the United States

from beets in the States of California, Nebraska, and
Utah. The Department of Agriculture has recently

devoted considerable attention to the culture of sugar

beets, with the result that 73,000 tons of sugar were

produced in 1899-1900 in these and a few other States.

The total cane and beet sugar production of the world,

1899-1900, as given by the year-book of the Department
of Agriculture, was 8,500,000 tons in round numbers.

The United States produced 132,000 tons; Porto Eico,

50.000 tons ; Cuba, 395,000 tons
; the Hawaiian Islands,

275.000 tons
;
and the Philippine Islands (exports only),

40.000 tons, making a total of 892,000 tons for the

United States and these islands.

Maple Sap.
1880. 1890.

Sugar . . . 86,576,071 32,952,927 pounds.
Molasses . . 1,796,048 2,258,376 gallons.

Cane sugar is confined almost entirely to lower Louisiana.
Some cane is grown in the adjacent portions of Texas, and
a little in Georgia and Florida. The following table shows
the sugar product of Louisiana for the years 1895 to 1900
inclusive :

—

1896-1896

1896-

1897

1897-

1898

1898-

1899

1899-

1900

Tons of 2240 pounds.
. 237,720
. 282,009
. 310,447
. 245,511
. 132,000

The cane sugar of commerce has averaged 2,900,000
tons in round numbers during 1896-1900; of this all

America and the West Indies produces 1,400,000 tons.
The production of sorghum molasses is about evenly

distributed over the five States of Tennessee, Kentucky,
Missouri, DJinois, and Iowa, with Nebraska and Kansas
as the next most important. The maple sugar product is

Agricultural Education.

The agricultural schools of the United States owe their

origin to the movement against the old classical school,

and in favour of technical education which commenced in

most civilized nations about the middle of the century.

A rapidly growing country with great natural resources

needed men educated in the sciences and arts of life, and

this want was first manifested in the United States by a

popular agitation on behalf of agricultural schools. A
number of so-called agricultural schools were started

between 1850 and 1860 in the eastern and middle States,

where the movement made itself most felt, but without

trained teachers and suitable methods they accomplished

very little. They were only ordinary schools with farms

attached. The first constitution of the State of Michigan,

adopted in 1850, provided for an agricultural school, and

this was the first one established in the United States.

The General Assembly of the State of Pennsylvania

incorporated the Farmers’ High School, now the State

College, in 1854. Maryland incprporated her agricultural
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college in 1856, and Massachnsetts chartered a school of

agriculture in the same year. The agitation, which finally

reached Congress, led to the establishment of the so-called

“land-grant,” or agricultural colleges. The establishment

of these colleges was due chiefly to the wisdom and
foresight of Justin S. Morrill, for over forty years a

Representative or Senator from the State of Vermont, who
introduced the first Bill for their endowment in the House
of Representatives on 14th December 1857, and saw the

!

latest one approved by the President on 30th August
1890. Mr Morrill is justly known, therefore, as the

father of the American agricultural colleges. The first Act

for the benefit of these colleges was entitled “An Act
donating public lands to the several states and territories

which may provide colleges for the benefit of agriculture

and the mechanic arts,” and granted to each State an
amount of land equal to 30,000 acres for each senator and
representative in Congress to which the State was entitled

at that time. The object of the grant was stated to be
“ the endowment, support, and maintenance of at least one

college ” (in each State), “ where the leading object shall

be, without excluding other scientific and classical studies,

and including military tactics, to teach such branches of

learning as are related to agriculture and the mechanic

arts, ... in order to promote the liberal and practical

education of the industrial classes in the several pursuits

and professions in life.” The total number of acres of

land granted to the States under this Act was 9,359,241,

of which 985,833 are still unsold. This grant has

produced an endowment fund amounting to $10,262,944.

The lands still unsold are valued at $4,062,850. The
invested land-grant funds yield these colleges a total

annual income of $624,673. Including the United States

appropriation under a Supplementary Act of 1890,

commonly known as the second Morrill Act, which now
gives each college $25,000 a year, the interest on the

land-grant and all other invested funds, all State appro-

priations and other sources of revenue, these colleges had
in 1899 a total income of $5,995,000. Sixty-four institu-

tions have been organized under this Act, of which sixty-one

maintain courses in agricidture
;
nineteen are departments

of agriculture and engineering in State universities;

twenty-seven are separate colleges of agriculture and
mechanic arts

;
and the remainder are organized in various

other ways. Separate schools for persons of African
descent have been established under this Act in eight

southern States. These colleges take students prepared in
the common schools and give them a course of from two
to four years in the sciences pertaining to agriculture.

Many of them offer short courses, varying from four to

twelve weeks in length, in agriculture, horticulture,

forestry, and dairying, which are largely attended.

Agricultural experiment stations are connected with all

the colleges, and many of them conduct farmers’ institutes,

farmers’ reading clubs, and correspondence classes.

The agricultural Experwunt Stations of the United
States grew up in connexion with the agricultural

colleges. Several of the colleges early attempted to

establish separate departments for research and practical

experiments, on the plan of the German stations. The Act
establishing the Agricultural College of Maryland required
It to conduct “a series of experiments upon the cultivation
of cereals and other plants adapted to the latitude and
climate of the State of Maryland.” This was the first

suggestion of an experiment station in America, but
resulted in little. The first experiment station was
established at Middletown, Connecticut, in 1875, in
^^enon with the agricultural branch of the Sheffield

Sdentiftc School of Yale College. The State of Connecticut
3uade in 1877 an appropriation of $5000 to promote
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agriculture by scientific investigation and experiment

—

the first State appropriation for this purpose. The State

of North Carolina established, on 12th March 1877, an
agricultural experiment and fertilizer control station in

connexion with its State university. The Cornell

university experiment station was organized by that

institution in 1879. The New Jersey station was
organized in 1880, and the station of the University of

Tennessee in 1882. From these beginnings the experi-

ment stations multiplied until, when Congress passed the

National Experiment Station Act in 1887, there were
seventeen already in existence. The Hatch Expeiiment
Station Act, so called from the fact that its leading

advocate was Mr William H. Hatch of Missouii, appro-

priated $15,000 a year to each agricultural college for the

purpose of conducting an agricultural experiment station.

The object of the stations was declared to be, “to conduct

original researches or verify experiments on the physiology

of plants and animals; the diseases to which they are

severally subject, with the remedies for the same; the

chemical composition of useful plants at their different

stages of growth
;
the comparative advantages of rotative

cropping as pursued under a varying series of crops ; the

capacity of new plants or trees for acclimation; the

analysis of soils and water
;

the chemical composition of

manures, natural or artificial, with experiments designed

to test their comparative effects on crops of different

kinds; the adaptation and value of grasses and forage

plants
;
the composition and digestibility of the different

kinds of food for domestic animals; the scientific and
economic questions involved in the production of butter

and cheese; and such other researches or experiments

bearing directly on the agricultural industry of the United
States as may in each case be deemed advisable, having

due regard to the varying conditions and needs of the

respective States or territories.” The stations were

authorized to publish annual reports and also bulletins of

progress for free distribution to farmers. The franking

privilege was given to these publications. The office of

experiment stations, in the Department of Agriculture, was
established in 1888 to be the head office and clearing-

house of these stations. Agricultural experiment stations

are now in operation in all the States and territories.

Alabama, Connecticut, New Jersey, and New York each

maintains a separate station, supported wholly or in part

by State funds
;
and Louisiana has a station for sugar

experiments. Excluding all branch stations, the total

number of experiment stations in the United States is

fifty-six, and of these fifty-two receive the national appro-

priation. The total income of the stations during 1899

was $1,143,335, of which $720,000 was received from the

National Government and the remainder was derived

from societies, fees for analyses of fertilizers, sale of

products, &c. The stations employ 678 persons in the

work of administration and research; the chief classes

being—directors, 71 ;
chemists, 150 ;

agriculturists, 70

;

horticulturists, 80 ; botanists, 52 ;
entomologists, 47

;

physicists, 7 ;
bacteriologists, 20 ;

dairymen, 25 ;
weather

observers, 17 ;
irrigation experts, 5. During 1899 the

stations published 450 annual reports and bulletins,

1 besides a large number of “press” bulletins, which are

reproduced in the agricultural and county papers. The

stations are to a great extent bureaus of information on

all farm questions, and carry on an extensive correspond-

ence covering all conceivable questions. Their mailiug

lists aggregate half a milKon names.

Agbicultttral Department.

The United States Department of Agriculture was

established as a result of a recommendation of President

AGRICULTURE
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Washington, though not until many years after his death.

An office for distributing seeds and collecting agricultural

statistics grew up in the patent office which was originally

the only scientific agency of the government. This

developed gradually into the present department, which

became in 1889 an executive department of the govern-

ment with a secretary. This secretary is now charged

with the supervision of all business relating to the

agricultural and productive industries. The fisheries have

a separate bureau, and the public lands and mining

interests are cared for in the interior department; but

with these exceptions, all the productive interests are

looked after by the Department of Agriculture. There are

various bureaus in this department. The weather bureau

has charge of the forecasting of weather; the issue of

storm warnings
;

the display of weather and flood signals

for the benefit of agriculture, commerce, and navigation

;

the gauging and reporting of rivers; the reporting of

temperature and rainfall conditions for the cotton, rice,

sugar, and other interests
;

the display of frost and cold

waves signals
;

and the distribution of meteorological

information in the interest of agriculture and commerce.

The bureau of animal industry makes investigations as

to the existence of contagious pleuro-pneumonia and other

dangerous and communicable diseases of live stock,

superintends the measures for their extirpation, makes

original investigations as to the nature and prevention of

such diseases, and reports on the conditions and means of

improving the animal industries of the country. The
division of statistics collects information as to the

condition, prospects, and harvests of the principal crops,

and of the number ‘and status of farm animals. It re-

cords, tabulates, and co-ordinates statistics of agricultural

production, distribution, and consumption, and issues

monthly and annual crop reports for the information of

producers and consumers. The section of foreign

markets makes investigations and disseminates information
“ concerning the feasibility of extending the demands of

foreign markets for the agricultural products of the

United States.” The office of experiment stations

represents the department in its relations to the experi-

ment stations which are now in operation in all the States

and territories. The division of chemistry makes investi-

gations of the methods proposed for the analyses of soUs,

fertilizers, and agricultural products, and such analyses

as pertain in general to the interest of agriculture.

The division of entomology obtains and disseminates

information regarding insects injurious to vegetation.

The biological survey studies the geographic distri-

bution of animals and plants, and maps the natural

life zones of the country
;

it also investigates the economic

relations of birds and mammals, and recommends
measures for the preservation of beneficial, and the

destruction of injurious species. The division of forestry

is occupied with experiments, investigations, and reports

dealing with the subject of forestry, and with the

dissemination of information upon forestry matters. The
division of botany investigates botanical agricultural

problems, including the purity and value of agricultural

seeds, methods of controlling the spread of weeds or
preventing their introduction into the country, &c. The
division of vegetable physiology and pathology has for its

object the study of the normal and abnormal life processes

of plants. It seeks by investigation in the field and
experiments in the laboratory to determine the causes of

diseases and the best means of preventing the same. The
division of agrostology is charged with the investigation

of the natural history, geographical distribution, and use
of grasses and forage plants, their adaptation to special

soils and climates, and the introduction of native and
foreign kinds into cultivation. The division of pomology
collects and distributes information in regard to the fruit

interest of the United States. The division of soil has
for its object the investigation of the physical properties

of the soils and their relation to crop production. The
office of public road inquiries collects information

concerning systems of road management, conducts

investigations regarding the best method of road-making,

and prepares publications on this subject. The division

of seeds is charged with the purchase and distribution of

valuable seeds, a certain portion of which are collected

from foreign countries for experiments with reference to

their introduction into the United States. They are

distributed in allotments to senators, representatives,

delegates in Congress, agricultural experiment stations, and
by the Secretary of Agriculture, as provided by law.

The appropriations for the Department of Agriculture

for the fiscal year ending 30th June 1899 aggregate

$2,829,702, distributed in part as follows :

—

Salaries $319,300
Library *.

. . . 6,000

Museum 1,600

Animal quarantine stations 12,000

Collecting agricultural statistics .... 105,000

Botanical investigations and experiments . . 20,000

Entomological investigations 20,000

Vegetable pathological investigations . . . 20,000

Biological investigations 17,500

Pomological investigations 9,500

Laboratory of chemistry ...... 12,400

Forestiy investigations 20, 000

Experimental gardens and grounds .... 20,000

Soil investigations 10,000

Grass and forage plant investigations . . . 10,000

Office of agricultural experiment stations in the
department^ 40,000

Kutrition investigation 15,000

Public road inquiries 8,000

Publications 65,000

Sugar investigations 7,000

Purchase and distribution of valuable seeds . . 130,000

Salaries and expenses, bureau of animal industry . 900,000

Irrigation 10,000

Weather bureau 1 . 01 5,502

The balance is devoted to miscellaneous current ex-

penses. (c. w. D.)

Ag'Ua.diilSIya town onthewest coast ofPorto Eico, the

capital of a province of the same name. It is surrounded
by a fertile country producing sugar-cane, oranges, and
lemons, and possesses a copious natural fountain, said to

have been discovered by Columbus on his second voyage.

It was founded in 1775. Population (1899), 6425.

Ag'UaSCa.IienteSy a state of Mexico, bounded
on the N., W,, and E. by the state of Zacatecas, and
on the S. by the state of Jalisco. Its area covers
2950 square iniles. The population in 1879 was 140,430,

and in 1895, 102,378. It is divided politically into

four partidos^ subdivided into eight municipalities.

The fauna embraces twenty-seven species of mammals,

fifty-eight of birds, nine of reptiles, five batrachians,

four fishes, and seventy-four insects. The flora includes

137 species of wild trees, forty-eight of fruit, eleven tex-

tile plants, and 103 medicinal plants, (kc. The principal

industries are agriculture and stock-raising. The total

^ In addition to this amount which went to the support of the central

bureau ofexperiment stations, $720,000was paid directlyto agricultural

experiment stations in the States hy the United States Treasury.
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value of the trade is estimated at about $7,500,000
(Mexican currency). The Mexican Central railway crosses

the state in two directions. The capital, Aguasoa-
lientes, with a population in 1895 of 30,872, is 364 miles

from the city of Mexico by rail. It has two lines of

tramAvays, telegraph and telephone lines, schools, hospitals,

public libraries, &c. The other principal towns are Ilinc6n

de Romos (or Victoria de Calpulapam), Asientos de Ibarra,

and Calvillo, aR with populations of less than 5000.

AgfUilas, a town of Spain, province of Murcia, on
the Mediterranean, 37 miles W.S.W. of Cartagena. It has
two ports, one safe, the other bad. Its trade has become
important, owing to the greater facilities now afforded for

transport of ores by several lines of railways. In 1898,

74 foreign steamers of 70,372 tons (60 English of 58,372
tons) cleared from the port, and 120 Spanish steamers of

65,368 tons. The chief exports were: iron ore, 59,630
tons, of which 47,180 were for Great Britain; spart grass,

19,496 tons for Great Britain; and barley, soapstones,

and dried figs. Population in 1897, 12,331.

Ahagfgar- See Sahara.

Ahmedabad, or Ahmadabad, a city and district

of British India, in the Gujarat division of Bombay. The
city is situated on the left bank of the river Sabarmati. It

is still surrounded with walls, enclosing an area of about 2

square miles. Ahmedabad has a station on the Bombay and
Baroda railway, 309 miles fromBombay, whence branch lines

diverge into Kathiawar and Mahi Kantha, and is a great

centre for both trade and manufacture. Its native bankers,

shopkeepers,and workers are all stronglyorganized in guilds.

In 1897 there were 16 cotton-mills, for spinning and weav-

ing, besides many hand-looms, and 14 factories for ginning

and pressing cotton. Other industries include the manu-
facture of gold and silver thread, silk brocades, pottery, paper,

and shoes. The principal educational institutions are the

Gujarat College, managed by a board, with 199 students in

1896-97
;
a government training college for both male and

female teachers, with 219 students altogether; and a high

school, with 365 boys. There are 2 churches, 22 printing

presses, issuing 7 newspapers and periodicals, a hospital, a
lunatic asylum, an asylum for lepers, and a panjrapol or

home of rest for animals, supported by the trading com-
munity. The military cantonment, 3 miles north of the

native town, is the headquarters of the northern division of

the Bombay command, with an arsenal. Population (1881),

127,621
; (1891), 148,412.

The district of Ahmedabad lies at the head of the Gulf
of Cambay, between Baroda and Kathiawar. Area, 3949
square miles; population (1881), 856,342; (1891), 921,712,
showing an increase of 8 per cent, and an average density

of 233 persons per square mile; in 1901 the population was
795,094, showing a decrease of 14 per cent., due to the

results of famine. Land revenue and rates (1897-98)

amounted to Rs.2 3, 63,780, the incidence of taxation being
R.1:1:0 per acre; the cultivated area was 1,151,117
acres, of which 69,149 acres were irrigated from wells,

&c., including 6142 acres from government canals
;
the

number of police was 1098 ;
the number of children at

school was 28,795, being 3*56 per cent, of the total

population; the registered death-rate in 1897 was 25 '37 per

thousand. The principal crops are millets, cotton, wheat,
and pulse. The district is traversed by the Bombay and
Baroda railway, and has two seaports, Dholera and Gogo,
the former of which has given its name to a mark of raw
cotton in the Liverpool market. It suffered severely in the
famine of 1899-1900.

Ah nried n£igfa.ry a city and district of British India,
in the Deccan division of Bombay, on the left bank of the

river Sina. Several mosques and tombs have been con-

verted to the use of British administration. The old
industries of carpet-weaving and paper-making have died

out ; but there is a large trade in cotton and silk goods,

and in copper and brass pots, and there are 9 factories for

ginning and pressing cotton. It is a station on the loop

line of the Great Indian Peninsula railway, 218 miles

from Bombay, and a military cantonment for a native

infantry regiment. It has three high schools, with 435
pupils in 1896-97, and 7 printing presses, issuing 6 ver-

nacular newspapers. Population (1881), 37,492 ; (1891),
41,689.

The district of Ahmednagar is a comparatively hilly

and barren tract, with a small rainfall. Area, 6645 square
miles; population (1881), 750,021; (1891), 888,755, show-
ing an increase of 18 per cent, after the famine of 1876-77

;

average density, 134 persons per square mile; (1901),

837,774, showing a decrease of 6 per cent., due to the

results of famine. In 1897-98 the land revenue and rates

were Rs. 19,07,8 25, the incidence of assessment being

Rs.2:l:2 per acre; the cultivated area was 2,585,616

acres, of winch 110,246 were irrigated from weRs, &c.; the

I

number of police was 807 ;
the children at school numbered

15,569, being 1‘8 per cent, of the total population; the

death-rate in 1897 was 43 per thousand. The principal

crops are miRets, pulse, oil-seeds, and wheat. The district

suffered from drought in 1896-97, and again in 1899-1900.

Down to July 1898 the deaths from plague numbered 852.

Ahmed Veflk, Pasha, (1819-1891), Turkish states-

man and man of letters, was born in Stambul, 1819. He
was the son of Rouheddin Effendi, at one time Chargd
d’affaires in Paris, an accomplished French scholar, who
because of this accomplishment was attached in the

capacity of secretary-interpreter to Reshid Pasha’s diplo-

matic mission to Paris in 1834. Reshid took Ahmed with

him, and placed him at school, where he remained about

five years and completed his studies. He then returned

to Constantinople, and was appointed to a post in the

Bwreau de traduction of the ministry for foreign affairs.

WhRe thus employed he devoted his leisure to the transla-

tion of Moliere’s plays into Turkish, and to the compilation

of educational books—dictionaries, historical and geogra-

phical manuals, <fec.—^for use in Turkish schools, with the

object of promoting cultivation of the French language

among the rising generation. In 1847 he brought out the

first edition of the Salnameh^ the official annual of the

Ottoman empire, of which the publication is continued to

this day. Two years later he was appointed imperial

commissioner in the Danubian principalities, and held that

office till early in 1851 when he was sent to Persia as

ambassador— post which suited his temperament, and in

which he rendered good service to his Government for

more than four years. Recalled in 1855, he was sent on a

mission to inspect the eastern frontiers, and on his return

was appointed member of the Grand Council of Justice, and
was entrusted with the revision of the penal code and the

code of procedure. This work occupied him until the

beginning of 1860, when he was sent as ambassador to

Paris, for the special purpose of averting the much-dreaded

intervention of France in the affairs of Syria. But Ahmed
Vefik’s abrupt frankness, irascibility, and abhorrence of

compromise unfitted him for European diplomacy. He
offended the French Government; his mission failed;

and he was recalled in January 1861. Hone the less his

integrity of purpose was fully understood and appreciated

in Paris. On his return he was appointed minister of the

Evkafy but he only retained his seat in the Cabinet for a

few months. He was then for a brief period president of

the Board of Audit, and subsequently iospector of the
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Anatolian proyinces where he was engaged for more than

three years. His next appointment was that of director-

general of customs, whence he was removed to the office of

musteshar of the grand vizierate, and in the following

year entered the Cabinet of Midhat Pasha as minister of

p'ublic instr'uction, but very soon retired to his seat in the

Council of State, and remained out of office until 1875 when

he represented Turkey at the International Telegraphic

Conference in St Petersburg. He was president of the

short-lived Turkish parliament during its first session

—

19th March to 28th June 1877—and at its close was
appointed vali of Adrianople, where he rendered invalu-

able aid to the Eed Cross Society. On his recall at the

beginning of 1878 he accepted the ministry of public

instruction in the Cabinet of Ahmed Hamdi Pasha, and on

the abolition of the grand vizierate (5th February 1878) he

became prime minister, and held office till about the middle

of April, when he resigned. Early in the following year

he was appointed vali of Brusa, where he remained nearly

four years, and rendered admirable services to the province.

The drainage of the pestilent marshes, the water - supply

from the mountains, the numerous roads, the suppression

of brigandage, the multiplication of schools, the vast

development of the silk industry through the substitution

of mulberry plantations for rice fields, the opening out of

the mineral springs of Tchitli, the introduction of rose-

trees, and the production of otto of roses—^all these were

Ahmed Vefiks work; and he became so popular that

when in 1882 he was recalled, it was thought advisable

that he should be taken away secretly by night from the

honaJc in Brusa, and brought to his private residence on
the Bosphorus, A few days after his return he was
again appointed prime minister (1st December 1882), but
Ahmed Vefik demanded, as the condition of his acceptance

of office, that he should choose the other members of the

Cabinet, and that a number of persons in the sultan’s

entourage should be dismissed. Upon this, the sultan, on
3rd December, revoked the irad6 of 1st December, and
appointed Said Pasha prime minister. For the rest of his

life Ahmed Yefik, by the sultan’s orders, was practically a
prisoner in his own house; and eventually he died, 1st

April 1891, of a renal complaint from which he had long

been a sufferer. Ahmed Yefik was a great linguist. He
spoke and wrote French perfectly, and thoroughly under-
stood English, German, Italian, Greek, Arabic, and
Persian, From all these languages he translated many
books into Turkish, but wrote no original work. His
splendid library of 15,000 volumes contained priceless

manuscripts in many languages. In his lifetime he
appreciably aided the progress of education; but, as he had
no following, the effects of his labour and influence in a
great measure faded away after his death. In all his

social and family relations Ahmed Yefik was most exem-
plary. His charity knew no bounds. He was devoted to

his aged mother and to his one wife and children. To
his friends and acquaintances he was hospitable, courteous,

and obliging
;
his conversation was intellectual and refined,

and in every act of hiS private life he manifested the spirit

of a true gentleman. At home his habits, attire, and mode
of life were quite Turkish, but he was perfectly at his ease

in European society
;
he had strong English proclivities,

and numbered many English men and women amongst his

intimate friends. In public life his gifts were almost
sterilized by peculiarities of temperament and incompati-

bility with official surroundings; and his mission as

ambassador to Persia and his administration of Brusa were
his only thoroi^h successes. Bn,t his intellectual powers,

literary erudition, and noble character made him for the

last forty years jof his life a conspicuous figure in Eastern

EiiMrope. (b. w.*)

Ahva.Zy a town in the province of Arabistan, Persia,
situated on the left bank of the river Karun, has l)een

identified with the Aginis of Nearch. It is now a
wretched collection of mud hovels, with a small rectangular
fort in a state of ruin, and an Arab population of about
700. Since the opening of the Karun to foreign commerce
in October 1888 another settlement called Bander i

in compliment to the shah (N^ssir ed din), has
been established on a slight elevation overlooking the
river at the point near the rapids, where steamers come to

anchor, and about one mile below Ahvaz. It has post and
telegraph offices, and a few mercantile firms have estab-

lished agencies at Bander hTdssiri. Should the new caravan
road to Isfahan prove a success, Ahvaz will no doubt soon
acquire greater commercial importance.

Aidin, (1) a Turkish viliyet, in the S.W. part of

Asia Minor, which includes the ancient Lydia, Caria, and
Western Lycia. It derives its name from the Soljfik emir
who took Tralles, and is the richest and most productive pio-

vince of AsiaticTurkey. The seat of government is Smyrna.
Population, 1,400,000 (Moslem, 1,090,000; Christians,

288,000 ;
Jews, 22,000). (2) The principal town of the

rich, productive valley of the Menderez, called also Guzel-

hissar from the beauty of its situation at the foot and on the

lower slopes of Mon^ Messogis. Aidin is on the Smyrna-
Dineir railway, has large tanneries, and sweetmeat manu-
factories, and exports figs, cotton, and raisins. It was
almost destroyed by an earthquake in 1899. It is the seat

of a British vice-consul. Population, 34,000 (Moslems,

23,000 ;
Christians, 9000 ;

Jews, 2000).

AigfUlli or Aihtjn (also Sakhalyarb^la-hhoto\ a town
of China, province Hei-lun-tsian, in Northern Manchuria,

situated on the right bank of the Amur, in a fertile

and populous region, 20 miles below Blagovyeshchensk,

where it occupies nearly two miles on the bank of the river.

There is a palisaded fort in the middle of the town, inside

of which is the house of the fu-Ut-fun (governor). Its

merchants carry on an active local trade in grain, mustard,

oil, and tobacco, and some of its firms supply the Eussian

administration with grain and flour. During the “ Boxer ”

rising of 1900 it was, for a few weeks, the centre of

military action directed against the Eussians. The popu-

lation, of some 20,000, includes a few hundred Mussul-

mans. The town was founded first on the left bank of the

Amur, below the mouth of the Zeya, but was abandoned,

and the present town was fo-unded in 1684. It was here

that Count Muravieff concluded, in May 1857, the Aihun
treaty, according to which the left bank of the Amur was
conceded to Eussia.

Ain^ a department in the E. of France, bordering on

Switzerland. Its eastern part is traversed by the southern

end of the Jura. The Eh6ne enfolds it on the E. and S.,

the Sadne forms its western border
;
the Ain runs through

its centre from N. to S. into the Eh6ne. Among the

lacustrine formations is Lake Nantua. The chief towns

are Bourg, Belley, Gex, Nantua, and Tr^voux.

Area, 2249 square miles. The department comprises 36 cantons
and 463 communes. Population in 1901, 349,205, against 351,569
in 1896 and 364,408 in 1886. Births in 1899, 7204, of which 362
were illegitimate

; deaths, 7204 ;
marriages, 2665. In 1896 there

were 1063 primary schools, with 57,502 pupils. Less than 1 per

cent, of the population was illiterate. The total surface under cul-

tivation was 1,236,173 acres, of which 601,744 acres were plough-

land
; 229,786 acres in grass, and 265,772 acresm forest. In 1899

the produce of wheat amounted to the value of £1,025,000 ;
of

wine, £405,000. There were (1899) 14,260 horses, 3080 asses and
mules, 240,190 cattle, 50,720 sheep, 87,030 pigs, and 20,190 goats.

The mineral production (lignite, peat, and other substances) is

unimportant. There is no industry in metals. With agriculture,

the industries in weaving, wearing apparel, foods, and the manu-
facture of paper, are the sources of the prosperity of Airu
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Ainsworth,William Harrison (1805-1882),

English, novelist, son of Thomas Ainsworth, solicitor, was

born at Manchester, 4th Febrnary 1805, He was educated

at Manchester Grammar School, and articled to the firm of

which his father was a member, proceeding to London in

1824 to complete his legal training at the Inner Temple,

At the age of twenty-one he married a daughter of John

Ebers, the publisher, and started in his father-in-law’s line

of business. This, however, soon proved unprofitable, and

he decided to attempt literary work. A novel called Sir

John Chiverton, in which he appears to have had a share,

had attracted the praise of Sir Walter Scott, and this

encouragement decided him to take up fiction as a career.

In 1834 he published Roohwood^ which had an immediate

success, and thenceforth he was always occupied with the

compilation of “ historical ” novels. He published about

forty such stories, of which the best known are Jack Shep-

pard (1839), The Tower of London (1840), Guy Fawkes

(1841), Old St PauVs (1841), and Windsor Castle (1843).

He edited Bentlefs Miscellany^ in which Jack Sheppard

was published as a serial, and for twelve years from 1842

he was proprietor of AinsworWs Magazine, He continued

his literary activity until his death, but his later stories

were less striking than the earlier, perhaps owing to his

having exhausted the more fruitful fields of historical

narrative in his first flights. He died at Heigate, 3rd

January 1882, and was buried at Kensal Green. Ains-

wnrth had a lively talent for plot, and his books have

many attractive qualities. He was skilful in weaving

historical facts into the fabric of fiction, and in giving

just sufficient of the former to leaven the latter with

an air of probability. His style was not without archaic

affectation and awkwardness, but when his energies

were aroused by a striking situation he could be brisk,

vigorous, and impressive. He did a great deal to interest

the less educated classes in the historical romances of their

country, and his tales were invariably instructive, clean,

and manly. (a, Wa.)

Ainta.b5 mediaeval Eamtah^ a large garrison town in

Syria, in the Aleppo vildyet, situated in the broad valley

of the Sajfir. Its position is one of military and com-

mercial importance, and its castle was noted in the Middle

Ages for its great strength. In 1895 many Armenians
were massacred and the bazdrs were pillaged. American

missionary and educational enterprise has established

Central Turkey College, with a medical school, a girls’

school, and an hospital. Cereals and tobacco are exported,

and cotton cloths are made. Population, 45,000 (Moslems,

26,000; Christians, 18,500; Jews, 500).

Ainu.—The Ainu—often erroneously called Aino

—

are usually spoken of as the autochthonous inhabitants

of Japan, but the most accurate researches go to prove

that they were immigrants, who reached Yezo from the

Kuriles, and subsequently crossing Tsugaru strait, colon-

ized a great part of the main island of Japan, exterminat-

ing a race of pit-dwellers to whom they gave the name of

koTo-pokrgv/ru (men with sunken places). These koro-poh-

gwru were of such small stature as to be considered dwarfs.

They wore skins of animals for clothing, and that they

understood the potter’s art and used flint arrow-heads is

clearly proved by excavations at the sites of their pits.

The Ainu, on the contrary, never had any knowledge of

pottery. Ultimately the Adnu, coming into contact with
the Japanese, who had immigrated from the south and
west^ were driven northward into the island of Yezo,

where, as well as in the Kuriles and in the southern part

of Saghalien, they are still found in some jiumbers.

When, at the dose of the 18th and the beginning of the

19th century, Russian enterprises drew the attention of

the Japanese Government to the northern districts of the
empire, the Tokugawa Shoguns adopted towards the Ainu
a policy of liberality and leniency consistent with the best
principles of modern colonization. But the doom of unfit-

ness appears to have begun to overtake the race long ago.

History indicates that in ancient times they were fierce

fighters, able to offer a stout resistance to the incomparably
better armed and more civilized Japanese. To-day, they
are drunken, dirty, spiritless folk, whom it is difficult to sup-
pose capable of the warlike rdle they once played. Their
number is virtually stationary, as the census shows :

—

Ainu Population of Yezo and the Kuriles.

1893 ..... 17,280
1894 ..... 16,308
1895 17,314
1896 17,400
1897 ..... 16,972
1898 17,673

The Ainu are somewhat taller than the Japanese, stoutly

built, well proportioned; with dark-brown eyes, high
cheek-bones, short broad noses and faces lacking length.

Haturally very hairy and never shaving after a certain

age, they have full beards and moustaches. Men and
women alike cut their hair level with the shoulders at the
sides of the head, but trim it semicircularly behind. The
women tattoo their mouths, arms, and sometimes their fore-

heads, using for colour the smut deposited on a pot
hung over a fire of birch bark. Their original dress is a
robe spun from the bark of the elm tree. It has long
sleeves, reaches nearly to the feet, is folded round the

body and tied with a girdle of the same material. Females
wear also an undergarment of Japanese cloth. In winter,

the skins of animals are worn, with leggings of deer-skin

and boots made from the skin of dogs or salmon. Both
sexes are fond of ear-rings, which are said to have been
made of grape-vine in former time^, but are now purchased
from the Japanese, as also are bead necklaces, which the

women prize highly. Their food is meat, whenever they
can procure it—the flesh of the bear, the fox, the wolf, the

badger, the ox, or the horse—^fish, fowl, millet, vegetables,

herbs, and roots. They never eat raw fish or flesh, but
always either boil or roast it. Their habitations are reed-

thatched huts, the largest 20 feet square, without parti-

tions and having a fireplace in the centre. There is no
chimney, but only a hole at the angle of the roof

;
there

is one window on the eastern side and there are two doors.

Public buildings do not exist, whether in the shape of

inn, meeting-place, or temple. The furniture of their

dwellings is exceedingly scanty. They have no chairs,

stools, or tables, but sit on the floor, which is covered

with two layers of mats, one of rush, the other of flag

;

and for beds they spread planks, hanging mats around
them on poles, and employing skins for coverlets. The
men use chop -sticks and moustache-lifters when eating;

the women have wooden spoons. Uncleanliness is char-

acteristic of the Ainu, and all their intercourse with the

Japanese has not improved them in that respect. The
Rev. Mr Batchelor, in his Notes on the Ainu, says that

he lived in one Ainu habitation for six weeks on one
occasion, and for two months on another, and that he
never once saw personal ablutions performed, or cooking

or eating utensils washed. Not having been at any period

acquainted with the art of writing, they have no literature

and are profoundly ignorant. But at schools established

for them by the Japanese in recent times, they have

shown that their intellectual capacity is not deficient.

No distinct conception of a universe enters into their

cosmology. They picture to themselves many floating

worlds, yet they deduce the idea of rotundity from the

course of the sun, and they imagine that the “Ainu world"
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rests on the back of a fish whose movements cause earth-

quakes. It is scarcely possible to doubt that this fancy is

derived from the Japanese, who used to hold an identical

theory. They believe in a supreme Creator, but also in a

sun god, a moon god, a bear god, a water god, and a

mountain god; deities whose river is the Milky Way,
whose voices are hoard in the thunder and whose glory is

reflected in the lightning. They have no priests by pro-

fession. The village chief performs whatever religious

ceremonies are necessary
;
ceremonies confined to making

libations of wine, uttering short prayers and offering willow

sticks with wooden shavings attached to them, much as

the Japanese set up the well-known at sacred spots.

The Ainu gives thanks to the gods before eating, and
prays to the deity of fire in time of sickness. He thinks

that his spirit is immortal, and that it will be rewarded

hereafter in heaven or punished in hell, both of which
places are beneath the earth, hell being the land of

volcanoes ; but he has no theory as to a resurrection of

the body or metempsychosis. He preserves a tradition

about a flood which seems to be the counterpart of the

Biblical deluge, and about an earthquake which lasted a

hundred days, produced the three volcanoes of Ezo, and
created the island by bridging the waters that had pre-

viously separated it into two parts. He is now governed

by Japanese laws and judged by Japanese tribunals, but
in former times his affairs were administered by hereditary

chiefs, three in each village, and for administrative pur-

poses the country was divided into three districts, Sara,

XJsu, and Ishikari, which were under the ultimate control

of Sara, though the relations between their respective

inhabitants were not close and intermarriages were avoided.

The functions of judge were not entrusted to these chiefs

;

an indefinite number of a community's members sat in

judgment upon its criminals. Capital punishment did

not exist, nor was imprisonment resorted to, beating being

considered a sufficient and final penalty, except in the

case of murder, when the nose and ears of the assassin

were cut off or the tendons of his feet severed. These
peculiar methods of criminal procedure are alluded to by
ancient Japanese historians, who appear to have regarded

them as more barbarous than infliction of the death penalty.

Little as the Japanese and
the Ainu have in common,
intermarriages are not in-

frequent, and at Sambutsu
especially, on the eastern

coast, many children of

such marriages may be

seen. Doenitz, Hilgen-

dorf, and Scheube, argu-

ing from a minute in-

vestigation of the physical

traits of the Ainu, have
concluded that they are

“Mongolians who differ

less, perhaps, from the

Japanese than the Ger-

mans do from the Ru-
manians,” but if their

customs, traditions, and
religious beliefs be con-

sidered, the points of dis-

similarity are very striking. According to Professor

A. H. Keane, the Ainu “are quite distmct from the

surrounding Mongolic peoples, and present several re-

noarkable physical characters which seem to point to a
remote connexion with the Caucasic races. Such are a
very full beard, shaggy or wavy black or dark-brown hair,

sometimes covering the back and chest ; a somewhat fair

or even white complexion, large nose, straight eyes, and
regular features, often quite handsome, and of European
type. They seem to be a last remnant of the ISTeolithic

peoples, who ranged in prehistoric times across the northern
hemisphere from the British Isles to Manchuria and Japan.
They are bear-worshippers, and have other customs in
common with the Manchurian aborigines, but the language
is entirely different, and they have traditions of a tiine

when they were the dominant people in the surrounding
lands.” It should be noted finally that the Aiau are
altogether free from ferocity or exclusiveness, and that
they treat strangers with gentle kindness, (f. by)

Airdriei a parliamentary and municipal burgh
(Falkirk group) in new Monkland parish, Lanarkshire,

Scotland, 10 miles E. of Glasgow by rail. There are

35 coal mines in the parish, but the seams are now
largely worked out. Brass-founding, steel-casting, tube-

making, boiler-making, wagon-building, the weaving of

woollens, calico-printing, paper-making, and oil and fire-

clay manufacture, are now important, while several new
branches of engineering have been started. There is a
good free library. One of the board schools is an academy
or secondary school. Population in 1881, 13,363; 1891,

19,135 ; 1901, 22,288.

Air Gun«—^Air as a propellant has in recent years

been applied to guns of large calibre, in which its com-
paratively gentle action has proved advantageous when
high explosives contained in their shells are employed as

projectiles. In 1883 Mr. Mefford of Ohio utilized an air

pressure of 500 per square inch in a 2-inch gun, and
succeeded in propelling a projectile 2100 yards. The
arrangement was of the simplest form—a hose with an
ordinary cock by which the air was admitted into the gun
behind the projectile. The question was then taken up
by Captain E. L. Zalinski of the United States Artillery,

who in 1888 reduced the so-called “dynamite gun” to a

practical shape and obtained excellent firing results.

The principal features of his system are :—1. An extremely in-

genious balanced valve admitting the air pressure into the gun.

This valve is opened and closed by a simple movement of the firing

lever, and is capable of adjustment so that the propelling force,

and consequently the range, can be regulated. 2. A light steel

projectile carrying the bursting charge, and provided with a tail

to which vanes are attached in order to give rotation. 3. Electric

fuses of entirely original design. Each shell carries a wet battery,

the current from which fires the charge on impact with any solid

object, and a dry battery which becomes active after the shell has

dived below the surface of the water, and ignites the charge after

delay capable of regulation. Eor safety all the electric circuits are

made to pass through a disconnector^ which prevents them from

being completed until the shell has been fired. The gun is a built-up

Dynamite Grur Mounted at Sandy Hook, New York Harbour.
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smootli-bore tube, 15 inches or less in diameter. The full-calibre

shell weighs 1000 Tb, and carries a bursting charge of 600 Tb of
blasting gelatine, cut into the form of cheeses, fitting the steel

envelope, and provided with a core of dry gun-cotton as a primer.
Sub-calibre projectiles, 10 in. and 8 in., can also be used. In
their case, rotation is given by vanes or fins attached to the body
of the shell. Air at 1000 lb pressure is stored in tubes close to

the gun, and is supplied from primary reservoirs, to which it is

directly pumped at a pressure of about 2000 lb. There is always,
therefore, a considerable reserve ofpower available without pumping.
Pneumatic guns of this description (see figure) have been mounted
for the protection of Kew York and San Francisco. With a full-

calibre shell (1000 lb) these guns have a range of 2400 yards ; with
a sub-calibre 8-in. shell (250 lb) the maximum range is 6000
yards. The ofiGlcial trials showed remarkable accuracy. At 6000
yards 75 per cent, of the projectiles fell in an area of 360 x 90 feet.

When the gun was tried at Shoeburyness the accuracy was far

greater than could be obtained with howitzer shells propelled by
explosives. On account of the power of exploding the shell under
water, and thus securing a torpedo action, a direct hit upon a ship

is not required, and the target offered is largely in excess of the
deck plan. The gun is, in fact, capable of replacing systems of

submarine mines with economy, and without the great objection

of interfering with a waterway.

The only employment of the dynamite gim afloat lias

been in the case of the U.S.A. gunboat Vesuvius, which
carries three in the bows. These guns are Jfixed at a

constant angle of elevation, and the range is regulated by
the air valve, training being given by the helm. Thus
mounted on an unstable platform, the accuracy of fire

obtainable must evidently be much less than on shore.

The Vesuvius was employed during the Spanish-American

war of 1898, when on several nights in succession she

approached the defences of Santiago under cover of dark-

ness and discharged three projectiles. Fire delivered under

such conditions could not be sufficiently accurate to injure

coast defences
;
but the shells burst well, and made large

craters. (o. s. c.)

Airy, Sir George Bidden (1801-1892), British

Astronomer Eoyal, was born at Alnwick on 27th July 1801.

He came of a long line of Airys who traced their descent

back to a family of the same name residing at Kentmere,

in Westmoreland, in the 14th century, but the branch to

which he belonged, having suffered in the civil wars,

removed to Lincolnshire, where for several generations

they lived as farmers. George Airy was educated first

at elementary schools in Hereford, and afterwards at

Colchester Grammar School. In 1819 he entered Trinity

College, Cambridge, as a sizar. Here he had a most
brilliant career, and seems to have been almost imme-
diately recognized as the leading man of his year. In
1822 he was elected scholar of Trinity, and in the follow-

ing year he graduated as senior wrangler and obtained

first Smith's prize. On 1st October 1824 he was elected

fellow of Trinity, and in December 1826 was appointed

Lucasian Professor of Mathematics in succession to Turton.

This chair he held for little more than a year, being elected

in February 1828 as Plumian Professor of Astronomy and
director of the new Cambridge observatory. Some idea

of his activity as a writer on mathematical and physical

subjects during these early years may be gathered from
the fact that previous to this appointment he had contri-

buted no less than three important memoirs to the

FhilosopJiical Transactions of the Royal Society, and eight

to the Cambridge Philosophical Society. At the Cam-
bridge observatory Airy soon gave evidence of his remark-
able power of organization. At the time of his appoint-
ment the only telescope erected in the observatory was the
tmnsit instrument, and to this he devoted himself with
vigour. By the introduction of a regular system of

selection and arrangement of his observations, and a care-

fully worked out plan of reduction, he was able to keep
his observations reduced practically up to date and
published annuaUy with a degree of punctuality which

astonished his contemporaries. Under his direction a

mural circle was soon erected, and regular observations

were instituted with it in 1833. In the same year the

duke of Northumberland presented the Cambridge obser-

vatory with a fine object glass of 12 inches' aperture,

which was mounted according to Airy's designs and under

his superintendence, although the erection was not com-

pleted until after his removal to Greenwich in 1835,

Airy’s writings during this time are divided between
mathematical physics and astronomy. The former are for

the most part concerned with questions relating to the

theory of light, arising out of his professorial lectures,

among which may be specially mentioned his paper “ On
the Diffraction of an Object-Glass with Circular Aperture.”

In 1831 the Copley medal of the Royal Society was
awarded to him for these researches in optics. Of his

astronomical writings during this period the most im-

portant are his investigation of the mass of Jupiter, his

report to the British Association on the progress of

astronomy during the 19th century, and his memoir On
an Inequality of Long Period in the Motions of the

Earth and Venus. His report is remarkable for the con-

ciseness and accuracy with which the condition of the

science at the time is exhibited. The last section but
one of this report is devoted to “A Comparison of the

Progress of Astronomy in England with that in other

Countries,” very much to the disadvantage of England.
This reproach was subsequently, to a great extent, re-

moved by his own labours.

Airy's discovery of a new inequality in the motions of

Yenus and the earth is in some respects his most remark-
able achievement. In correcting the elements of

Delambre's solar tables he had been led to suspect an
inequality not embraced by those tables. For the cause

of this he did not long seek in vain. Eight times the

mean motion of Yenus is so nearly equal to thirteen times

that of the earth that the difference amounts to only the

1/240th of the earth's mean motion, and from the fact

that the term depending on this difference, although very

small in itself, receives in the integration of the differential

equations a multiplier of about 2,200,000, Airy was led

to infer the existence of a sensible inequality extending

over 239 years. The investigation by which this result

was established was probably the most laborious that had
been made up to Airy's time in the planetary theory, and
was the first specific improvement in the solar tables made
in England since the establishment of the theory of gravi-

tation. In recognition of this work the medal of the

Eoyal Astronomical Society was awarded to him in 1833.

In June 1835 Airy was appointed Astronomer Eoyal in

succession to Pond, and thus commenced that long career

of wisely directed and vigorously sustained industry at

the National Observatory which, even more perhaps than

Ms investigations in abstract science or theoretical astro-

nomy, constitutes his chief title to fame. The state of

the observatory at the time of Ms appointment was such

that Lord Auckland, the first lord of the Admiralty,

considered that “it ought to be cleared out,” wMle Airy

admits that it “ was in a queer state.” With Ms usual

energy he set to work at once to reorganize the whole

management. He remodelled the volumes of observations,

the library was put on a proper footing, the new (Sheep-

shanks) equatorial was erected, and a new magnetic obser-

vatory was built. In 1847 the altazimuth, designed by
Airy to enable observations of the moon to be made when-

ever she might be visible (and not only on the meridian),

was constructed. In 1848 Airy invented the reflex zenith

tube to take the place of the zenith sector wMch had been

employed up to that time. At the end of 1850 the great

transit circle of 8 in. aperture and 11 ft, 6 in. focal length

S. L— 30
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was erected
;
this telescope is still the principal instru-

ment of its class at the observatory. And finally, in 1859,

a large equatorial of 13 in. aperture was erected. In his

journal for that year he remarks, ‘'There is not now a

single person employed or instrument used in the observa-

tory which was there in Mr. Pond’s time,”

The great work of reducing the accumulated planetary

observations made at Greenwich from 1750 to 1830 had
been already commenced and was in progress when Airy

became Astronomer Royal. Shortly afterwards he under-

took the further laborious task of reducing the enormous

mass of observations of the moon made at Greenwich

during the same period under the direction, successively,

of Bradley, Bliss, Maskelyne, and Pond, to defray the

expense of which a large sum of money was allotted by
the Treasury. The immediate result of this work, which
was not completed till 1846, was to rescue from oblivion

no less than 8000 observations of the moon, and to place

them at the disposal of astronomers in such a form that

they could be used directly for comparison with the theory

and for the improvement of the tables of the moon’s

motion. For this work Airy received a testimonial from
the Royal Astronomical Society in 1848. The first-fruit

of this work was soon seen in the discovery by Prof.

Hansen, of Seebiirg in Gotha, of two new inequalities in

the moon’s motion. After completing this labour, and
before engaging in any theoretical investigation in con-

nexion with it, Airy made inquiries whether any other

mathematician was pursuing the same subject, and learning

that Prof. Hansen had undertaken this problem under the

patronage of the king of Denmark, but that, owing to the

death of the king, it was in danger of falling through for

lack of funds, he applied to the Admiralty for the sum
required to enable Prof. Hansen to complete his work.

TMs request was immediately granted, and thus it comes
about that Hansen’s famous Tables de la Lune are dedicated

to La Haute Amiraute de sa Majeste la Beine de la

Grande Bretagne et dllrlande.

One of the most remarkable of Airy’s researches is his

determination of the mean density of the earth. In 1826
the idea occurred to him of attacking this problem by
means of pendulum experiments at the top and bottom of

a deep mine. His first attempt, made in the same year,

at the Dolcoath mine in Cornwall, failed in consequence

of an accident to one of the pendulums
;
a second attempt

in 1828 was defeated by a flooding of the mine, and
many years elapsed before another opportunity presented

itself. The experiments eventually took place at the
Harton pit near South Shields in 1854. The immediate
result of the experiment was to show that gravity at the

bottom of the mine exceeded that at the top by l/19286th
of its amount, the depth being 1256 feet. From this he
was led to the final value of 6*566 for the mean density

of the earth as compared with that of water. This value

is considerably in excess of that previously found by other

methods, but from the care and completeness with which
the observations were carried out and discussed, it is, as

Airy himself says, “entitled to compete with the others on,

at least, equal terms.”

In 1872 Airy conceived the idea of treating the lunar
theory in a new way, and at the age of seventy-one he
embarked on the prodigious labour which this scheme
entailed. A general description of his method will be
found in the Monthly Notices of the Boyal Astronomical
Society^ voL xxxiv. Ho. 3. His naethod consisted essen-

tially in the adoption of Delaunay’s final numerical ex-

pressions for longitude, latitude, and parallax, with a
symbolic term attached to each number, the value of

which was to be determined by substitution in the

equations of motion. In lids mode of treating the
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question the order of the terms is numerical, and though
the amount of labour is such as might well have deterred

a younger man, yet the details were easy, and a great
part of it might be entrusted to a mere computer. This
work was published in 1886, when its author was eighty-

five years of age. For some little time previously he had
been harassed by a suspicion that certain errors had crept

into the computations, and accordingly he addressed him-
self to the task of revising his work. But his powers
were no longer what they had been, and he was never able

to examine sufficiently into the matter. In 1890 he tells

us how a grievous error had been committed in one of the

first steps, and pathetically adds, “ My spirit in the work
was broken, and I have never heartily proceedeci with it

since.” In 1881 Sir George Airy resigned the office of

Astronomer Royal and resided at the White House, Green-
wich, not far from the Royal Observatory, until his death,

which took place on 2nd January 1892.

A complete list of Airy’s printed papers, numbering
no less than 518, will be found in his Autobiography^

edited by his son, Wilfrid Airy, B.A., M.Inst.C.E.
Amongst the most important of his works not already

mentioned may be named the following :

—

Mathermtical
Tracts (1826) on the Lunar Theory^ Figure of the Earthy

Precession and Nutation^ and Calculus of Variations, to

which, in the second edition of 1828, were added tracts on
the Planetary Theory, and the Undulatory Theory of Light;

Experirfients on Iron-huilt Ships, instituted for the purpose

of discovering a correction for the deviation of the Compass
produced by the Iron of the Ships (1839) ;

On the Theo-

retical Explanation of an apparent new Polarity in Light

(1840) ;
Tides and Waves (1842).

He was elected a fellow of the Royal Society in 1836
and president in 1871, and received both the Copley and
Royal medals. He was five times president of the Royal

Astronomical Society, was correspondent of the French

Academy, and belonged to many other foreign and
American societies. He was D.C.L. of Oxford, and LL.D.
of Cambridge and Edinburgh. In 1872 he was made
K.C.B. In the same year he was nominated a Grand
Cross in the Imperial Order of the Rose of Brazil

;
he also

held the Prussian Order “ Pour le M^rite,” and belonged

to the Legion of Honour of France, and to the Order of

the Hoxth Star of Sweden and Horway. (a. a. e.*)

AisriGy a department in the H.E. of France. The

northern part is crossed by branches of the Ardennes.

The country is watered by the Somme, the Escaut, the

Sambre, the Oise, the Aisne, and the Marne.

Area, 2868 square miles. The department comprises 87 cantons

and 841 communes, and its population in 1901 numbered 535,683,

against 656,925 in 1886. The chief towns are Laon, the capital of

the department, ChS.teau- Thierry, St Quentin, with important

industries and 48,868 inhabitants in 1896, Soissons, and Vervins.

Births in 1899, 12,164, of which 1450 were illegitimate; deaths,

12,077 ; marriages, 4261, In 1896 there were 1363 primary

schools, with 76,645 pupils. Eight per cent, of the population was

illiterate. Agriculture is highly developed, 1,717,107 acres being

under cultivation in 1896, of which 1,197,950 acres were plough-

land, 210,274 acres forest, and 197,688 acres in grass. In 1899 the

produce of wheat was valued at £1,960,120; rye at £176,000; oats

at £983,240. The production of mangold -wurzel and of potatoes

is also considerable. The production of beetroot (1899) exceeded

26,000,000 hundredweights, placing the department second in this

respect. The live stock numbered (1899) 781,060, of which 77,870

were horses. The value of milk products in 1899 was £1,012,000.

There are no metals in the department of Aisne, but there is abund-

ance of building-stone and of brick-clay. TJie industries of Aisne

are weaving, St Quentin being renowned for its cambrics
;

plate-

glass manufacture (St Gobain)
;

glass-malring^ (Folembray) ;
but

especially sugar-refining. With a production in 1899 of 171>000

tons, involving the labour of 10,600 men and women,^ Aisne takes

the lead of all the departments of France in the sugar industry.

Altaiukia See Cook Islaistds.
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Aivalif a prosperous town on the west coast of Asia

Minor, opposite the island of Mitylene. It stands, near

the site of the uEolian Heracleia^ on rising ground at the

end of a bay which is separated from the Gulf of Adramyt-
tium, and protected from the prevailing winds by the

Muskonesi Islands (ffecatonnesoi). In 1821 it was burned

to the ground during a fight between the Turks and the

Greeks, and a large number of its Greek population killed

or enslaved. It is now one of the most thriving towns in

the Levant, with a purely Greek population distinguished

for its commercial, industrial, and maritime enterprise.

The exports are olive oil, soap, and raki
;
and a fleet of

fishing-boats supplies Constantinople and Smyrna with fish;

the exports in 1899 were valued at £944,743, and the

imports at £286,425. It is the seat of a British vice-

consulate. Population, 36,000.

AiX-l£l"Cha.pelie| German Aachen, a town and
watering-place of Prussia, in the Ehine prov., between

the Meuse and the Ehine, 44 miles W.S.W. from Cologne

by the railway to Liege. It possesses more than thirty

caches, besides the cathedral. A handsome building was

put up in 1886-89, behind the facade (1267) of the old

town hall, to accommodate the archives. The Suermondt

museum contains collections of antiquities, pictures, arms,

and industrial art objects. There are two or three tech-

nical schools, a commercial college, a commercial high

school (opened in 1898), a deaf and dumb asylum, lunatic

asylums, a teachers’ seminary, a poljrtechnic, a technical

high school, and a newspaper museum. In the vicinity

are coal-mines employing about 9000 men. This city is

the seat of a very active commerce in cereals, timber,

leather, coal, metals, wool, wine, &c. In 1897 the town

of Bxjrtsoheid was incorporated with Aix-la-Chapelle.

Burtscheid also has thermal baths (140® to 160® Fahr.),

and carries on the same industries as Aix-la-Chapelle.

Population (1885), 95,725; (1895), 110,561; (1901),

135,235.

Aja.CCiO, the chief town of the island of Corsica, a

department of France, stands on the west side of the

island. It lies 676 miles S.E. of Paris, and is the ter-

minal station of railways from Bastia and Calvi. The
library (35,000 volumes), a fine collection of pictures, and

a communal college, all now in the Palais Fesch, were

founded by the cardinal of that name, half-brother of

Napoleon’s mother. The culture of the citron has greatly

extended in recent years, and gallic acid is now an im-

portant export. The Citadelle harbour affords good

anchorage, but the port accommodation is indifferent.

The total length of quays is 200G feet, with a depth along-

side of from 9 to 22 feet. In 1899, 640 vessels of 213,370

tons entered, and 650 of 214,107 tons cleared. Population

(1881), 15,351 ; (1891), 17,248; (1896), 17,398, (comm.)

18,553; (1901), 21,779.

Ajaig^a.rh| a native state of India, in Bundelkhand,

under the Centri India agency
;
lying between 24® 45' and

24® 58' N. lat., and between 80® 4' and 80® 22' E. long.

It has an area of 802 square miles ;
and a population of

93,048, being 116 persons per square mile. The chief,

who is a Bundela Eajput, bears the title of Sawai Maharaja.

He has an estimated revenue of about Es. 2,25,000, and pays
a tribute of Es.7010. He resides at the town of Naushahr,
at the foot of the hill-fortress of Ajaigarh, from which the

state takes its name. The state suffered severely from
famine in 1868-6*9, and again in 1896-97.

^
Ajinori a city of British India, in Eajputana, which

gives its name to a district and also to a petty province called

Ajmer-Merwara
;
situated in 26® 27' N. lat. and 74*44® E.

long., on the lower slopes of Taragarh Hill, in the AravaUi
Mountains. It is an important station on the Eajputana
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railway, 615 miles from Bombay and 275 miles from Delhi,

with a branch running due south to the Great Indian

Peninsula main line. The city is well laid out, with wide
streets and handsome houses. It is still surrounded by a
stone wall. The educational institutions include a college,

with 212 students in 1897-98, and the Mayo Eajkumar
College, opened in 1875, for training the sons of the nobles

of Eajputana on the lines of an English public school,

with 63 pupils in 1897-98, maintained at a total cost of

Es.47,479. Population (1867), 34,763 ; (1881), 48,735 ;

(1891), 68,843 ; (1901), 75,759, showing an increase of

10 per cent. The district of Ajmer, which forms the

larger part of the province of Ajmer-Merwara, has an area

of 2070 square miles. Population (1891), 422,359, being

204 persons per square mile; (1901), 366,800, showing
a decrease of 13 per cent. Besides the city of Ajmer, it

contains the military station of Nasirabad; population,

21,710.

Ajmer-Merwara^ a division or petty province

of British India, in Eajputana, consisting of the two
districts of Ajmer and Merwara, separated from each other

and isolated amid native states. The administration is in

the hands of a commissioner, subordinate to the governor-

generaFs agent for Eajputana. The capital is Ajmer city.

The area is 2711 square miles. The population in 1891
was 542,358, being 200 persons per square mile, the

classification according to religion being : Hindus, 437,988,

or 81 per cent.; Mahommedans, 74,265, or 13 per cent.;

Jains, 26,939, or 5 per cent.
;

Christians, 2683 ;
and

“others,” 483; in 1901 the population was 476,330,

showing a decrease of 12 per cent., due to the results

of famine. Among Hindus, the Eajputs are land-

holders, and the Jats and Gujars are cultivators. The
Jains are traders and money-lenders. The aboriginal

tribe of Mers are divided between Hindus and Mahom-
medans. In 1897-98 the total cultivated area was
returned at 404,413 acres, of which 62,305 acres were

twice cropped. The chief crops are millet, wheat, cotton,

and oil-seeds. The irrigated area was 142,287 acres, of

which 107,677 were irrigated from wells, and 33,955

from tanks. The land revenue was Es.4,42,526, being

at the rate of E.l :3:11 per cultivated acre, and 14 annas

per head of population. The total number of schools was

192, with 10,771 pupils; and the total expenditure on
education was Es.92,463. There are 12 factories for

ginning and pressing cotton, the chief trading centres

being Beawar and Kekri. Together with the surrounding

country, Ajmer-Merwara suffered very severely from the

famine of 1899-1900. In June 1900 the number of

persons in receipt of relief was 143,000, being more than

one-fourth of the total population,

<Akabah, Gulf of, the classical Mlaniticm Sinus,

from the town of JElana at its head; a continuation

southward of the Jordan-‘Araha depression. Eaised beaches

on the coast show that there has been an elevation of the

sea-bed of 200 feet. Near the head of the gulf is Jezlret

Farafln, mediaeval Graye, a rocky islet with the ruins of a

castle built by Baldwin I. (arc. 1115). The village of

‘Akabah was transferred from Egypt to Turkey in 1892,

and has a small import trade. Near it was Math, the port

i
from which Solomon’s fleet sailed to Ophir, which as

AEllana was the station of the tenth Eoman legion, and a

place of commercial importance. As Raila or A%lat, under

the Arabs, it was in the 10th century the great port of

Palestine and the emporium of the Hejdz.

Akalkot, native state of India, in the Deccan

division of Bombay, ranking as one of the Satara Jagirs,

situated between the British district of Sholapur and the

Nizam’s dominions. Area, 498 square miles; population
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(1891), 75,744; (1901), 82,052, showing an increase of 8

per cent. In 1897-98 the gross revenue was Rs.3,52,867,

of which Es,39,102 was expended on public works
;
he

tribute is Rs.14,592; the number of police was 59;
there were 38 schools, with 1897 pupils. The chief, who
is a Mahratta of the Bhonsle family, resides at Poona on
a pension, while the state is under British management.

The town of Akalkot is situated in 17“ 31' N. lat. and
76“ 15' E. long., near the Great Indian Peninsula railway,

which traverses the state. Population, 6551.

Akanyam, R. See Hilb.

Akassa. See ISTioebia.

Akhal-teke> See Teanscaspian Teeeitoet.

Akhaltsykh (Georgian “new fortress”),

a fortified district town of Russia, Transcaucasia, govern-

ment of Tifiis, 67 miles east of Batum, situated on a

tributary of the Kura, at an altitude of 3370 feet. It

enjoys an excellent climate and its houses are scattered

amidst gardens. The new town is on the right bank of the

river, while the old town and the fortress are on the opposite

bank. It has a considerable inland trade, and brown coal

is found in the neighbourhood. In 1897 the population,

of whom many were Armenians, was 15,387.

Ak-<hiSSa.r| the classical Thyateira^ the “town of

Thya,” situated in a fertile plain, on the Geurduk Chai

(Lycus), in the Smyrna vilayet. Thyateira was an important
station on the Roman road from Pergamos to Laodicea,

and one of the “seven churches” of Asia (Rev. ii. 18).

The town is connected with Smyrna by railway and exports

cotton, wool, opium, cocoons, and cereals. Population,

13,000 (Moslems, 8200 ;
Christians, 4800).

Akhtyrka.| a district town of Russia, government
of Kharkoff, near to the Yorskla river, connected by a

branch (11 m.) with the railway from Yilno to Nikolaevsk.

It is surrounded by moving sands, and often inundated.

It has a beautiful cathedral, built upon a plan by RastreUi

in 1753, to which numerous pilgrims come every year to

venerate the ikon of the Yirgin of Akhtyrsk. There is an
active trade in corn, cattle, and the produce of domestic

industries. Population (1897), 23,390.

Akim. See Gold Coast,

AkkormSin (Turkish Ah-herman^ “white town”),

a district town, formerly a fortress, of South-West Russia,

government of Bessarabia, situated on the right bank of

the estuary of the Dnieper, 12 miles from the Black Sea.

It was taken by the Russians in 1770 and 1774 and
returned to the Turks, but was definitely annexed to

Russia in 1881. Its proximity to Odessa gives it an
advantageous position for trade, and it doei a thriving

business in wine, salt, fish, wool, tallow, <fec. The town,

with its three suburbs, contains beautiful gardens and vine-

yards. In 1897 the population was 28,303, or 40,000
including the suburbs.

Akmolinski in Asiatic Russia, the north-eastern of

the three provinces belonging to the general governorship

of the Steppes, formerly known as the Kirghiz Steppe

;

bounded by Turgai on the W., Tobolsk on the K., Tomsk
on the E., and Russian Turkestan on the S. Area, 211,566
square miles, of which 4535 are lakes. It is low and
dotted with salt lakes in its northern portion, and sandy
on the banks of the Irtysh. An undulating plateau stretches

in the middle, and is watered by the Ishim, the plams
gradually rising southwards, where a wide spur of the
Tarbagatai Mountains runs north-westwards, containing
gold, copper, and coal. Many lakes, of which the largest

is Denghiz, are scattered along the northern slope of these

hills. To the south of these hills, towards Lake Balkhash,

-A K-S H E H R
situated on its south-eastern frontier, and to the north-west

of this lake, spreads a wide waterless desert, Bek-pak-dala

or Famine Steppe (Golodnaya). The province is watered
by the Ishim, tributary of the Irtysh (which fiows near to

the eastern frontier) and the Nura. The climate is very
continental and dry, the average temperatures at Akmolly
being: year 35°, January 1*5°, July 70°; yearly rainfall,

only 9 inches. The population, which was 678,957 in 1897
(324,587 women) consists chieflyof Russians in the northern
andmiddle portions, and Kirghiz (about 350,000), who breed
large quantities of cattle, horses, and sheep. The urban
population was only 74,069. Agriculture is successfully

carried on in the north, where the Siberian railway runs
from Zlatoust to Omsk through a very fertile, well-popu-

lated region. Steamers ply on the Irtysh. The province

is divided into five districts, the chief towns of which are

:

Omsk, formerly capital of West Siberia (37,470 inhabit-

ants) ; Akmolinsk, or Akmolly, chief town of the province

(9560), situated on the Ishim, 285 miles south-west of

Omsk, and chief centre for the caravans coming from
Tashkent and Bukhara

; Atbasar, 3030 ;
Kokchetav, 5000

;

and Petropavlovsk, 20,014.

Akola.y a town and district of India, in Berar or the

Haidarabad Assigned Districts, under British administra-

tion. The town is on the Morna river, 930 feet above the

sea
;
railway station, 363 miles from Bombay. Population

(1881), 16,608; (1891), 21,470; municipalincome(1897-98),

Rs.45,057. It is a centre of trade in raw cotton. There
are 13 factories for ginning and pressing cotton, with an out-

turn of 80,000 bales. It has a high school, with 202 pupils

in 1896-97
;
a training college, with 69 students; an indus-

trial school, supported by a Christian mission; an engineer-

ing class
;
two printing presses, each issuing a vernacular

newspaper.

The district of Ajxola has an area of 2660 square

miles; population (1881), 592,792; (1891), 574,782,
showing a decrease of 3 per cent; average density, 216
persons per square mile; (1901) 582,763, showing an
increase of 1 per cent. Land revenue and rates in

1897-98 amounted to Rs.22,34,308, the incidence of

assessment being R.l :7 :2 per acre; the cultivated area was
1,303,757 acres, of which 9344 are irrigated from wells;

number of police, 601 men
;
the number of boys at school

in 1896-97 was 12,412, being 27*8 per cent of the male
population of school-going age

;
the registered death-rate

in 1897 was 54*9 per thousand. The principal crops are

miUet and cotton.

Akroriy a city of Ohio, TJ.S.A., the capital of Summit
county, situated in 41° 05' N. lat, and 81° 32' W. long,

in the north-eastern part of the state, at an altitude of

1000 feet, being on the divide between Lake Erie and Ohio
river. The water supply is derived from wells. The plan

of the streets is quite irregular ; there are six wards, and
the city is entered by no fewer than six railways, giving

it excellent connexions in all directions. Its industries

are chiefly manufacturing, and its products consist largely

of agricultural implements, cement, brick, and tiles.

Buchtel College, one of the smaller institutions of learning,

is situated here. The population in 1880 was 16,512,

in 1890 it was 27,601, and in 1900 it was 42,728.

Ak-Shehr, the classical a town in Asia

Minor, in the Konia vilayet, situated at the edge of a fertile

plain, on the north side of the Sultan Dagh. Philomelion

was on the great* Greco-Roman highway from Ephesus to

the east, and to its townsmen the Smyrniotes wrote the

letter that describes the martyrdom of Polycarp. The town

is connected by railway with Konia, Smyrna, and Con-

stantinople. Population, 15,000 (Moslems).
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AkSU ( White Water), a town of the Chinese empire,

Eastern Turkestan, in 41” 7' N. and 79° 7' E., 70 miles

E. of Uch-Turfan and 270 miles N,E. of Yarkand, near to

the left hank of the Aksu river, which takes its origin in the

Tian-shan Mountains and joins the Tarim. It belongs to

the series of oases (Uch-Turfan, Bai, Koucha, &c.) situated

at the southern foot of the eastern Tian-shan Moun-
tains. The town, which is supposed to have about 6000

houses, is enclosed by a waU. It is an important

centre for caravan routes, and has a considerable trade.

Extensive cattle breeding is carried on by the in-

habitants.

Aktyubinsk (Ak-tube), a district town and fort

of Eussian Central Asia, province Turgai, situated on the

Ilek river, 135 miles S.E. of Orenburg. It is the centre

for the administration of the Kirghiz, with whom a lively

trade is carried on. In 1897 the population was 2840.

AkySlby a district and city in the Arakan division of

Burma, lies along the north-eastern shores of the Bay of

Bengal. The district area is 5136 square miles. Popu-

lation (1891), 415,305
; (1901), 482,374, There were

2040 villages paying a revenue of Es. 16,9 1,191 in 1898-99.

Buddhists and Jains numbered 258,259, Mahommedans
119,157, Hindus 9762, aborigines 28,234, and Christians

(European and native) 893. Of the total area of 3,287,040

acres, the area under cultivation was 590,991, there were

64,950 acres lying fallow, the cultivable waste amounted

to 1,669,478 acres, and 961,621 acres were not capable of

cultivation. The rainfall in 1898-99 was 193*49 inches.

Akyab, the chief town, had in 1891 a population of

37,938 ;
in 1871-72 the total was 15,281. It has a

municipality with a committee of 16 members, 10 of

whom are elected. There is a second-class district jail.

The export of rice from Akyab has increased greatly of

late years. There are two oil-wells in the district, both

on Boronga island, worked imder the Canadian oil-boring

system. During the year 1898-99, 290 vessels with a

tonnage of 167,158 entered the port, and 282 of a burden

of 166,752 cleared.

Ala, a town in South Tyrol, Austria, in the govern-

ment district of Eovereto, on the Adige river, at the

entrance of the Eonchi valley. It is the last station on
the Brenner railway, and has an Austrian and an Italian

custom-house. Silk and velvet manufactures. Population

in 1890, 4646 ;
in 1900, 4933, chiefly Italian.

Alabama, one of the Southern States of the

American Union, situated between 35° and 30° 13' N.
lat., and 84° 53' and 88° 35' W. long., and bounded on
the N. by Tennessee, on the E. by Georgia, on the S. by
Plorida and the Gulf of Mexico, and on the W. by
Mississippi. In the last quarter of the 19th century

Alabama experienced a new era of prosperity. During
the decade of the Civil war the cotton product had
fallen off from 989,955 bales in 1860 to 429,482 bales

in 1870, and the corn product from 33,226,282 bushels to

16,977,948 bushels, these being the leading products of

the State, which was almost entirely agricultural. Politi-

cally and economicaUy the result of the war was even
more marked. The emancipation and enfranchisement of

the negroes, who constituted almost half of the popula-

tion (475,510 coloured in a total of 996,992), threw the

Government into the hands of strangers, “ carpet-baggers,’^

who were attracted mainly from the north by the prospect
of political power. When these went into office under the

constitution bom of the bayonet, their auditor said in his

first report; ‘‘Alabama stands in a proud position in the
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financial world, . . , Nothing but gross mismanagement
of her finances will cause her credit to decline.”

Tke State’s bonded debt was . . . $5,270,000.00
Educational fund and miscellaneoas . $3,085,683.51

Total . . . $8,355,683.51

Under the new regime the State’s endorsement was granted

to railways to the extent of $16,000 a mile; and many
roads were begun, partially completed, and then aban-

doned. So gross was the mismanagement in general that,

before the close of 1873, the governor was compelled to

report to the legislature his inability “ to sell for money
any of the State bonds,” a condition of things which,

according to an official report (30th September 1874), had
resulted from the fact that the debt had grown to the

sum of $25,503,593, including both direct and endorsed

railway securities. At this crisis the white people, worn
out by misgovernment at the hands of irresponsible rulers,

resolved to re-establish the public affairs of the common-
wealth upon a normal basis. Under the lead of Geoige
S. Houston, the bulk of the white voters united in the

democratic and conservative party triumphed in the

memorable contest of 1874, electing not only the governor,

but large majorities in both branches of the legislature.

The affairs of the State were again in the hands of the tax-

payers. That event made possible the political, economic,

and industrial reorganization which has since lifted the

State to its present condition of prosperity, not only as an
agricultural community, but as one of the great coal and
iron-producing States of the Union.

Under the constitution of 1875, which superseded that

of 1868, and which is still in force, official salaries and
the power of the legislature to indulge in financial extra-

vagance were severely restricted. The debt, then beyond
the ability of the State to bear, was readjusted, and was so

reduced by amicable settlements that, on 30th September

1888, it had shrunk from $25,000,000 to $12,085,220.

Owing to subsequent payments, the total bonded debt

amounted on 1st March 1898 to only $9,357,600.

The total population, which had increased in 1890 to

1,513,017 (833,718 whites and 679,299 negroes), was
1,828,697 in 1900, showing an increase for the decade

of 20*8 per cent. The total land surface of Alabama is,

approximately, 51,540 square miles, and the density of

population was therefore 35*4 per square mile in 1900, as

compared with 29*3 ten years earlier. There were, in

1900, 201 incorporated cities, towns, and villages, and of

these 9 had a population in excess of 5000, and 3 in

excess of 25,000. These three were Mobile, with 38,469
inhabitants, Birmingham, with 38,415, and Montgomery,
with 30,346. The proportion of rural to urban population

is increasing. The total taxable values, which in 1876
were $135,535,790, were in 1898 $256,256,295, the total

state tax being 5J mills on the total values. The total

cotton product, which in 1870 was 429,482 bales, was in

1899, 1,130,000 bales.

The main feature in the modern transformation is the

vast development of the mineral region, which occupies

the north-eastern two-fifths of the State. The south-

eastern fourth of this area, the Gold Belt, produces gold,

copper, pyrites, and mica. In the north-western three-

fourths are the three coal-fields—^Warrior, Cahaba, and
Coosa—^aggregating 8000 square miles (about 2000 pro-

ductive), separated by narrow north-east and south-east

valleys, in which are bauxite, barytes, iron ores, and lime-

stones. Thus all the raw materials for the production of

iron occur in close proximity, with no natural barriers

between. The total annual coal production, which in

1870 amounted only to 13,200 tons, had risen in 1875 to

67,200; in 1880 to 380,000; in 1885 to 2,492,000; in
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1890 to 4,090,409; in 1895 to 5,693,775; and in 1899

to 7,500,000 estimated. Prof. M'Calley lias reached the

conclusion that the three coal-fields (Warrior, Cahaba, and

Coosa), combined, probably contain an aggregate of at

least 42,100,000,000 tons. Tests made by the United

States navy have established the superior quality of certain

seams of this coal for steam purposes, while the coke

tonnage of the Pratt and Blue Creek seams of the

Warrior field (1,609,839 tons in 1898) is second only

to the famous Connellsville district of Pennsylvania.

The pig-iron production, which during the year 1870

amounted only to 7060 tons, had risen in 1875 to 22,418

;

in 1880 to 68,925; in 1885 to 203,069; in 1890 to

816,911 ;
in 1895 to 854,667 ; and in 1899 to 1,083,905.

The supply of iron ore (red and brown) is practicably

inexhaustible. That used in the Birmingham district is

principally of the red fossiliferous kind derived from Bed
Mountain, the vein running about 20 feet thick at

the outcrop, and extending under cover at an angle of

from 15 to 20 degrees from the horizontal to an un-

known depth, Birmingham, Ala., is now the third largest

point of export of pig-iron in the world,—Middlesbrough

in England being the first, and Glasgow in Scotland the

second. Within the eighteen months ending 1st January

1898 there were exported from Birmingham 297,000 tons

of pig-iron to all parts of the world. During the year 1899
the production of steel began in the Birmingham district,

one plant producing 9670 tons and another 2263.

To render the waterways available for commerce, the

Federal Government has spent millions of dollars. The
Mobile river, with its branches, resembles a gigantic tree

rising from tidal limits in one of the best harbours on the

Gulf of Mexico, and spreading northward, eastward, and
westward into Tennessee, Mississippi, and Georgia. The
total of mileage of rivers in use to-day, either for com-
mercial purposes or in the process of improvement by the

Federal Government, is 2214 miles. On either side the

mineral region is pierced by the Warrior and Coosa rivers,

destined soon to be the great highways through which the

coal and iron products are to be brought in barges to tidal

limits for shipment through the port of Mobile. The
deepening of Mobile harbour in the south, the construction

of the Muscle Shoals Canal on the Tennessee river in the

north, and the improvement of the interior rivers have
involved an expenditure upon the part of the Federal

Government of about twelve millions of dollars, nearly aU
of which has been appropriated since 1870. The most
important part of the work now in progress is the improve-

ment of the Warrior river, the early completion of which
has been assured by the action of Congress placing it

under the contract system directed by the secretary of

war. In order, however, to give an outlet for coal and
iron by water from the heart of the best mineral region,

it is necessary to cut a canal about 64 miles long from
Birmingham to the Warrior, vid Bessemer. After a
careful survey Major Bossell, the Government engineer-in-

charge, declared that ‘‘the project is both feasible and
advisable.” A waterway will thus be opened through
which coal and iron, mined within 300 miles of tidal limits,

can be fl.oated to the sea. Experts estimate that a ton
of pig-iron can be loaded at Birmingham and landed at

Mobile at 49 cents, a rate 55 cents lower than any yet in

existence. The cost of steam coal at Mobile is now about
$2.80 a long ton, the cost of railway transportation being
about $1,25. After the canal and Warrior route has
been made available, a scrupulous estimate places the
cost of such coal at Mobile at $1.50. The railway system
of the State has also been steadily developing. The 1602
miles of railway in operation in 1871 had increased to

3660 miles at the close of 1898.

Mobile is the only seaport of the State. The bay is

about 32 miles long, with an average width of 16 miles.
The United States Government has dredged a channel
now 23 feet deep, from the docks to deep water. At the
mouth of the bay there is a deep water cup, with a depth
of from 30 to 60 feet, and an area of 5 or 6 square
miles. The bar separating this deep water from the
water of the gulf has a depth of 23-1 /2 feet, which has
been increasing by natural processes since the earliest

Government records. Estimates by Government engineers
have settled the fact that a channel across this bar can be
cut to a depth of 30 feet, with a width of 300 feet, by
the excavation of 220,000 cubic yards of material at a
cost insignificant when compared with the value of the

improvement. If that work is completed, Mobile Bay
may be entered at any time by vessels drawing 28 feet

—

something that can be said of few land-locked harbours.

During the year ending 30th June 1870, 105 vessels of

70,249 tons entered, and 129 vessels of 81,276 tons

cleared, in the foreign trade. During the year ending

30th June 1900, 755 vessels of 549,198 tons entered, and
717 vessels of 505,273 tons cleared. For the year ending

30th June 1901 the total imports were $3,008,449, and
the total exports, $11,837,105. The thirteen mills manu-
facturing cotton goods in 1870 have been increased to

fifty-two, with 813,939 spindles and 18,590 looms, the

total capital invested amounting to $16,278,780. The
annual output of the cotton oil mills of the State is

139,500 tons, valued at $2,929,500. The lumber and
shingle mills, numbering about 1000, represent an invested

capital of $18,700,000, the average output per day for each

mill being 15,000 feet. The annual product of rosin and
naval stores is valued at $1,150,000.

The number of national banks in operation, 31st

October 1900, was 30, with paid-up capital of $3,555,000,

and outstanding circulation of $1,968,665. The state

banks numbered in the same year 62, with a capital and
surplus of $3,292,874 ;

the private banks 26, with a

capital and surplus of $1,021,078 ; and the loan and trust

companies 9, with capital and surplus of $869,723.

In 1890 Alabama had 6013 church edifices, and church

property valued at $6,768,477. There were 559,171

communicants or members, of whom 258,405 were Baptists,

242,624 Methodists, 21,502 Presbyterian, and 13,230

Eoman Catholics.

The law establishing a public school system was enacted

in 1854, but it was twenty years after that date before

the period of substantial, permanent growth began. The
school term ranges from four to nine months, and tuition

is free. Separate schools are provided for children of

African descent. The funds for maintaining the public

schools are derived from a direct appropriation from the

state treasury, a special state school tax, a poll tax,

interest on the sixteenth section fund, and municipal

appropriations. In 1855 they amounted to $237,515.39.

In 1900 the appropriations for common school education

amounted to $1,100,000.00. The school age is from

seven to twenty-one years. In 1856 the enumeration

showed a white school population of 145,588, In 1899

the number was 633,546—white, 350,667 ;
coloured

282,879. The State is thoroughly committed to the

policy of universal education at governmental expense,

and is making rapid progress in that direction. Besides

the public schools, Alabama has a number of private

and denominational institutions of learning of high

grade. All the leading denominations are well repre-

sented in this number. The amount expended on

private and denominational education annually approxi-

mates $300,000,

The special question with which Alabama, in common with her
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sister Southern States, is confronted, is the race problem. The
constitution of 1875, under which the political supiemacy of the
white race ^vas re-established, piovides (Art XIII. sec. 1) that a
system of public schools shall be maintained throughout the State
‘
‘forthe equal benefit ofthe childrenthereof . . . but separate schools
shall be provided for the children of citizens of African descent.”
From that time negio children have been enjoying in their sepaiate
schools the equal benefits of an educational fund of approximately
one million dollars a year, the bulk of which is produced by taxes
contributed by the whites. In spite of this, however, the great
mass of negroes, in whose hands rests so large a proportion of the
political power, have little or no training in the duties of citizen-

ship. In the hope of solving the race problem upon a broad and
humane basis a South Conference was formed in Alabama, the
first meeting of which was held under brilliant auspices. The
chief difiiculty is, of course, that of franchise. If it is to be
limited by educational or property qualifications, whatever dis-

abilities may be imposed must rest upon both races alike. If the
negro shall be disfranchised by his illiteracy, he can remove the
disability in the schools which the white people of the State
maintain for his equal benefit. Such a plan, if adopted as in

other Southern States, will result in a gradual and conservative
political emancipation. T.*)

Alabama Arbitration. See Abbiibatiok,
Inteenatiojstal.

Aidrg'Oa.Sy an Atlantic state of Brazil. Its area

covers 22,580 square miles. The population in 1872 was
348,009, and in 1890, 511,440. The capital is Alagdas

Ma^eid, and amongst other towns are Camaragibe, Penedo,

S. Miguel dos Campos, Pilar, and Porto Calvo, The state

has railways from Maqei6 to Muricy and Vigosa, and from
Piranhas to the Bio Moxot6. Alag6as MAgEio, with a
population of 30,000, is an important shipping port,

visited by Transatlantic steamers, and the terminus of the

Alagoas railway (55 miles)

Aiais, chief town of arrondissement, department of

Gard, France, 27 miles N.W. by N. of Nimes, on railway

from Paris to Mmcs, md the Cevennes. Amongst the

public institutions are the municipal chemical laboratory

and two hospitals. Sericulture is extensively engaged in,

and silk, both raw and manufactured, furnishes a large

part of the town's widespread trade. Pasteur here pro-

secuted his early iuvestigations. A statue has been

erected to his memory. The chemist Dumas was a native

of Alais. Population (1881), 16,945 ; (1891), 18,333

;

(1896), 18,249.

Aiajueia.| a province of Costa Bica, Central America.

Its area is 4250 square miles, and the population in 1897
numbered 60,000. The capital is Alajuek, and amongst
other considerable towns are San Bambn, Grecia, Atenas,

and Naranjo. The province is divided into seven cantons.

AlajucISii capital of the above province, situated at

the terminus of the railway line from Limon, 12 miles W.
of San Jos6, and 23 miles W.N.W. of Cartage, It has
some trade with Punta Arenas, 23 miles distant by mule
road, and on the formation of the new port on the Pacijfic

at the head of the Gulf of Nicoya will increase in import-

ance. Population, 7000.

Ala.ineda9 a residential city of Alameda county,

California, U.S.A., is situated in 37° 46' N. lat. and
122° 16' W. long., on the east side of San Francisco Bay,
directly south of Oakland, and separated from it by San
Antonio creek. Its site is low and level and its plan

fairly regular. It is entered by the Southern Pacific
|

railway. The population in 1880 was 5708, in 1890
it was 11,165, and in 1900 it was 16,464.

AiantikOy Mount. See Camebooi^.

Alarcon, Pedro Antonio de (1833-1891),
Spanish writer, was born on 10th March 1833 at Guadix.
Hegraduated at the university of Granada, studied law and
theology privately, and made his first appearance as a
dramatist before he was of age. Deciding to foUow literature
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as a profession, he joined with Torcuato TArrago y Mateos
in editing a Cadiz newspaper entitled El Eco de Occidente,

In 1853 he travelled to Madrid in the hope of finding a
publisher for his long continuation of Espronceda's cele-

brated poem, El Diablo Mmido. Disappointed in his

object, and finding no opening at the capital, he settled at

Granada, became a Badical journalist in that city, and
showed so much ability that, in 1854, he was appointed

editor of a very advanced journal, El Ldtigo^ published at

Madrid. The extreme violence of his polemic writings led

to a duel between him and the Byronic poet, Josd

Heriberto Garcia Quevedo. The earliest of his novels, EL
Final de Eforma^ was published in 1855, and though its

construction is feeble, it brought the writer into notice as

a master of elegant prose. A small anthology, called

Mananas de Abril y Mayo (1856), proves that Alarc6n
was recognized as a leader by young men of promise, for

among the contributors were Castelar, Manuel del Palacio,

and L6pez de Ayala. A dramatic piece, El Hijo prddigOy

was hissed off the stage in 1857, and the failure so stung

Alarcdn that he enlisted under O'Donnell's command as a
volunteer for the war in Morocco. His Diario de un
testigo de la guerra de Africa (1859) is a brilliant account

of the events of the expedition. The first edition,

amounting to fifty thousand copies, was sold within a
fortnight, and Alarcdn's name became famous throughout

the Peninsula. The book is not in any sense a formal

history
;

it is precisely what its title implies, a series of

picturesque impressions told with remarkable force. On
his return from Africa Alarcbn did the Liberal party much
good service as editor of La Eolitica^ but his marriage to

a devout lady, Paulina Contrera y Beyes, in 1866, led him
to modify his political views considerably. On the over-

throw of the monarchy in 1868, Alarcbn advocated the

claims of the Due de Montpensier, was extremely neutral

during the period of the Bepublic, and declared himself a

Conservative upon the restoration of the dynasty in

December 1874. These political variations alienated

AJaredn's old allies and failed to conciliate the royalists.

But though his political influence was ruined, his success

as a writer was greater than ever. The publication in the

Revista Europea (1874) of a short story, ‘‘El Sombrero de

tres picos,” a most ingenious resetting of an old popular

tale, made him almost as well known out of Spain as in it.

This remarkable triumph in the picaresque vein encouraged

him to produce other works of the same kind
;
yet, though

Ms Cnentos aTnatorios (1881), Ms Historietas nacionales

(1881), and his Narraciones inverodmiles (1882) are

pleasing, they have not the delightful gaiety and charm of

their predecessor. In a longer novel, El Escdndalo (1875),

Alarcdn had appeared as a partisan of the neo-Oatholic

reaction, and this change of opinion brought upon him
many attacks, mostly unjust. His usual bad fortune

followed him, for while the Badicals denounced Mm as an

apostate, the neo-Catholics professed that El Escdndalo

was tainted with Jansenism. Of his later volumes, written

in failing health and spirits, it is only necessary to mention

the Capitdn Yeneno and the Historia de mis Uhros, both

issued in 1881. Alarc6n was elected a member of the

Spanish Academy in 1875. He died at Madrid, after a

long and painful illness, on the 20th of July 1891, The
impression which he makes upon the reader is brilliant, hut

unenduring. His later novels and tales are disfigured by
their didactic tendency, their feeble drawing of character,

and even by certain Gallicisms of style. But, at his best,

Alarcdn may be read with great pleasure. The Diario^ de

un testigo is still unsurpassed as a picture of campaigning

life, while “ El Sombrero de tres picos ” is a very perfect

example of malicious wit and minute observation,

(j, F. K.)
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Alard, Jean Delph in (1815-1888), a dis-

tinguislied French violinist and teacher, was born at

Bayonne, 8th May 1815, and died at Paris, 22nd February

1888. He was a pupil of the Paris Conservatoire, under

Habeneck, from 1827 j
he succeeded Baillot

^

as pro-

fessor there in 1843, and retained the post till 1875.

His playing was full of lire and point, and his composi-

tions, consisting mainly of fantasias and such things, had

a great success in France, while his Violin School had

a wider vogue and considerably greater value.

AlSt-Shohr^ the classical a town of Asia

Minor, in the Smyrna vilayet, situated in the valley of the

Kuzu Chai (Cogamus), at the foot of Boz Dagh {M. Tmolui),

Philadelphia was a Pergamene foundation, was one of the

seven churches ” of Asia, and was called ‘‘ Little Athens ”

on account of its festivals and temples. It was an inde-

pendent, neutral city when taken in 1390 by Sultan

Bayazid I., and an auxiliary Christian force under the

Emperor Manuel II. The town is connected by railway

with Konia and Smyrna. There are small industries and
a fair trade. From one of the mineral springs comes a

water known in commerce as “ Eau de Vais.” Population,

22,000 (Moslems, 17,000; Christians, 5000).

Alaska.—^Alaska, formerly Etjsslot^ Ameeica, is a

territorial district of the United States, occupying the

north-western extreme of Horth America and adjacent

islands. The inhabitants of the Aleutian islands called

the continental land eastward from them Alayeksha, which

was corrupted by early Eussian explorers to Aliashka.

The name was subsequently restricted to the peninsula,

and, in the simplified form now adopted, was proposed as

a name for the new territory by Charles Sumner in a

speech before the U.S. Senate advocating its purchase.

The territory of Alaska comprises, first, all that part of

continental North America west of the 141st meridian

from Greenwich; secondly, the eastern Diomede Island

in Bering Strait and the islands of Bering Sea, and the

Aleutian chain east of a line drawn from the Diomedes in

a south-westerly direction so as to pass midway between

Attu Island of the Aleutian, and Copper Island of the

Commander group ; lastly, of a narrow strip of coast with

its adjacent islands, north of lat. 54** 40' N,, west of Portland

Channel, and thence, as designated in the treaty of cession,

bounded to the east and north by a line, following “ the

summit of the mountains situated parallel to the coast ”

“ to the point of intersection with the 141st meridian,” pro-

vided that when this line “ shall prove to be at a distance

of more than ten marine leagues from the ocean the limit ”

“ shall be formed by a line parallel to the windings of the

coast and which shall never exceed the distance of ten

Sketch Ma.p op the Aleutiakt Islaiids.

marine leagues therefrom.” The islands comprise several

main groups : the Alexander Archipelago, extending from
the southern boundary north-westward to Cape Spencer

;

the Kadiak group, south-east of the peninsula of Alaska

;

the Catherina Archipelago, westward from the end of the

peninsula to Attu, and is further subdivided into four

minor groups—^the' Fox, Andreanoff, Eat, and Nearer

Islands, often collectively designated the Aleutian Islands,

Northward from the Aleutian group, in Bering Sea, are

the Pribiloff or Fur Seal Islands, St Matthew, and St

Lawrence, at subequal distances, and the large island of
Nunivak eastward near the coast. The estimated area
of the Alexander Archipelago is 31,205 square miles, and
of the Aleutians 6391 square miles. The total area of

the territory is approximately 580,107 square miles. From
north to south it extends about 1200 miles, and from east

to west nearly 2400 miles.

The coast-line, omitting minor sinuosities but including
the islands, exceeds 16,000 miles. Beginning at the
south and proceeding northward and westward the most
conspicuous capes are Muzon, Ommaney, Spencer, St Elias,

Newenham, Vancouver, Eomanzoff, Prince of Wales (the

westernmost point of the continent), Lisburne, Icy Cape,
and Point Barrow, the last being the most northern point
of the territory and situated in lat. 71° 20' N, and long.
156° 15' W. Three great peninsulas project from the
shores : Kenai, to the east of Cook’s Inlet, the peninsula
of Alaska, and the Kaviak peninsula between Kotzebue
and Norton Sounds. The great embayment north of a
line drawn from Queen Charlotte Islands to Kadiak has
been named the Gulf of Alaska. Omitting the inter-

stices of the archipelago, Yakutat Bay, Prince William
Sound, Cook’s Inlet, are the principal arms of the gulf.

The eastern shores of Bering Sea are indented by Bristol

Bay, north of the Alaska peninsula, and Norton Sound,
south of the Kaviak peninsula

;
north of the latter Kotzebue

Sound is the only inlet of importance.

The entire north-west coast of America is folded by
mountain-building forces in general harmony with the

trend of the coast. The state of Washington, British

Columbia, and South-eastern Alaska have had their strata

violently and sharply crumpled, the lines of elevation

and depression being roughly N.N.W. and S.S.E., with

occasional transverse depressions. These have been the

site of a vast system of glacial action which has deepened
and modelled the valleys, though its processes were never

carried far enough to cut down and remove the intervening

ridges. The result is what has been aptly termed a ‘‘ sea

of mountains,” in which the existing glaciers, stupendous

as many of them are, are mere tatters of the ice that

preceded them. Consequently this coast, unlike that of

Norway, which in outline is not dissimilar, is bold, steep,

and craggy, with few beaches and hardly level shore

enough anywhere to build a cabin on or cultivate a garden

patch. Nevertheless the mountain sides are densely

wooded with evergreens, the snow-line being at an approxi-

mate elevation of 3000 to 5000 feet, according to location.

The passages of the archipelago are merely submerged
portions of this broken area, and would be reduplicated

to the eastward were the level of the land to be still

further depressed. The summits are of unusually even

elevation, and, near the sea, present no peaks of remarkable

height. North-westward from Cape Spencer the mountain-

building forces seem to have been more intense and the

ranges of the Fairweather and St Elias Alps rise to great

heights at a short distance from the sea. Mt. Fairweather

(15,300 feet), Lituya (12,000), Laperouse (10,750), Cook,

Vancouver, St Elias (18,100), and, further inland, Logan

(19,500), are the most noteworthy summits of this region.

The Muir glacier, the Malaspina, and the Bering glacier

flank portions of these mountains and rank next to those

of Greenland. These mountains continue westward

parallel with the coast and terminate as the backbone

of the Kenai peninsula. Parallel uplifts further inland

near the meridian of 145° W. rise to great heights. Mt.

Tillman has been assigned a height of 16,600 and Mt.

Wrangell of 17,500; the latter, on somewhat insufficient

evidence, has been ranked as a volcano. Still further

north and west a range which corresponds in general with

the line of the range of the Alaska peninsula further



ALASKA
south, and west, and which has been named the Alaskan
mountains, culminates in lat. 64® N. in the peak of Mt.
McKinley, rising over 20,000 feet. Beyond the Alaskan
range and its foothills lie broad river valleys, north-west-

ward from which are ranges of comparatively low hills,

none of which have been recorded as exceeding 3500 feet,

and beyond which again stretches the Arctic tundra.

Much of the rock of JSTorth-Western Alaska is volcanic.

Along the great line of orographic folding indicated by
the Alaskan range and the Aleutian chain numerous
remarkable volcanic peaks exist, varying in height up to

12,000 feet. Enumerating them from Cook’s Inlet west-
ward, and omitting all cases of doubtful vulcanicity, the
most notable are Eedoubt Volcano, Iliamna, Augustin,
Olai, Chiginagak, Pavloff, Isanotski (extinct), Shishaldin,
Akutan, Makushin, Vsevidoff, Atka, Gareloi, and Semiso-
pochnoi, all of which, with the exception noted, emit
steam or smoke, or show other

evidences of activity. North of

the Alaskan range no active vol-

canoes are at present known.
The transverse depressions of

the mountainous continental

border are occupied by rivers and
continued as straits. Thus the

Naas river, just south of the

boundary, corresponds to the

trough of Dixon Entrance and
Portland Channel, the Stikine to

that of Sumner Strait, the Taku
to that of Cross Sound. The
summit of the mountains at the

head of Lynn Canal, situated

about 15 miles from the sea, has

an elevation of 2800 feet (White

Pass) to 3500 feet (Chilkoot

Pass); and here only, on the

whole extent of the South-Eastern

Alaskan coast, is a clear-cut water-

shed exhibited between the sea-

board and interior drainage. Be-

tween the Alexander Archipelago

and the peninsula of Alaska but
few rivers make their way across

the ranges to the sea, chiefly

through difficult canyons. The
Atna, or Copper river, is the most
important of these and reaches

the sea just east of Prince William
Sound. At the head of Cook’s

Inlet a considerable valley is

drained by the Knik (Fire) and Sushitna rivers. The
latter rises in the Alaskan range. North-westward from
the main axis of this range, especially towards the coast

of Bering Sea, a number of large lakes exist, giving rise

to rivers of some magnitude. West of Cook’s Inlet, over

the range, Lake Clark and Lake Iliamna feed the Kvichak
river. Another assemblage of many smaller lakes is

drained by the Nushagak river. Both empty into Bristol

Bay. North of Cape Newenham Bering Sea receives

the Euskokwim, as yet hardly explored, but believed to

have a length of 450 miles, chiefly through a rather

mountainous country. Next northward, in latitude about
62“ 30', is the enormous delta of the Yukon, the chief

river of Alaska and one of the great rivers of the world.

It rises in British Columbia
;
the head of the branch called

the Lewes river rising within 30 miles of the coast of Lynn
Canal. Flowing in a north-westerly direction it cuts the

Alaskan range, forming a canyon called the Upper
Kamparts

; a little later it receives the famous Klondike
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river from the north-east, and enters Alaska in about
lat. 65® N. Just above the Arctic circle, near the site
of old Fort Yukon, it turns to the south-west, passes
through the canyon of the Lower Kamparts, receives
from the south-east a large tributary, the Tanand; 175
miles farther down receives the Koyiikuk river from the
northward, bends more to the southward, and in about
lat. 62® N. turns again to the north-west and debouches
through a vast delta into Bering Sea, south of Norton
Sound. The total length of the unsurveyed Yukon has
been estimated at 2000 miles; near the delta, in spring,
one bank is not always visible from the other. It is

navigable for steamers of light draft nearly to its head-
waters, navigation opening early in June and closing in
October. In the summer of 1899 thirty-five steamers
were in active service on its waters. North of Bering
Strait a number of rivers fall into the Arctic Sea : of these

the most notable are the Selawik, Kowak, and Noatak of

Kotzebue Sound
;
the Meade, Ikpikpung, and Colville of

the Arctic coast.

The region now known as Alaska was first explored

by the Eussian officers Bering and Chirikoff in 1741.

They visited parts of the coast between Dixon
Entrance and Cape St Elias, and returned along

the line of the Aleutians, Their expedition was followed

by many private vessels manned by traders and trappers.

Spanish expeditions in 1773 and 1775 visited the south-

eastern coast and laid a foundation for subsequent terri-

torial claims. Cook in 1778 made surveys from which

the first approximately accurate chart of the coast was

published
;
but it was reserved for Vancouver, in 1793-94,

to make the first charts, in the modern sense, of the

intricate south-eastern coast, which only in recent years

have been superseded by new surveys. Owing to excesses

committed by private traders and companies, the trade

and regulation of the Eussian possessions was in 1799

S. I— 31
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confided to a semi-official corporation called tlie Bussian-

American Company for a term of twenty years, afterward

twice renewed for a similar period. Alexander Barinoffi,

one of the early administrators, became famous through

the successes he achieved as governor. He founded Sitka,

the present capital, in 1804, after the massacre by the

natives of an earlier settlement at an adjacent point. In

1821 Kussia attempted by ukase to exclude navigators

from Bering Sea and the Pacific Coast of her possessions,

which led to immediate protests from the United States

and Great Britain. This led to a treaty with the United

States in 1824 and one with Great Britain in 1825, by

which the excessive demands of Eussia were relinquished

and the boundaries of the Eussian possessions were fixed

as at present. The last charter of the Eussian-American

Company expired 31st December 1861, and Prince

Maksiitoff, an imperial governor, was appointed to ad-

minister the affairs of the territory. In 1864 authority

was granted to an American company to make explorations

for a proposed Eusso-American telegraph line overland

from the Amur river in Siberia to Bering Strait, and

through Alaska to British Columbia. Work was begun

on this scheme in 1865 and continued for nearly three

years, when the success of the Atlantic cable rendered

the building of the line unnecessary and it was given up,

but not until important explorations, especially of the

Yukon region, had been made by Kennicott, Ketchum,
Kennan, and Dali.

In 1867 negotiations with the Eussian Government
resulted in the purchase of Eussian America by the United
States for the sum of $7,200,000, and on 18th October

1867 the formal transfer of the territory was made in

Sitka. In 1870 the fur seal industry of the Pribiloff Islands

was leased for twenty years to the Alaska Commercial

Company under certain restrictions, producing for that

period an average revenue to the Government of $317,000.

After the expiration of the lease in 1890 a renewal of the

monopoly was secured by the Horth American Commercial
Company at an increased rental. Pelagic sealing, which

began to be of importance about 1882, made great inroads

on the herds during their migrations
;
and it was contended

that, owing to the killing of female seals in the waters

of Bering Sea during the breeding season, the total

destruction of this commercially valuable industry was
imminent. After protracted negotiations between the

United States and Great Britain the subject was referred

to arbitrators, who met at Paris in 1893 and decided that

the seals were fercB Tiaturce, but, in view of the interests

involved, formulated regulations in the belief that they

would mitigate the evils complained of.

In 1895 the discovery of rich deposits of gold on the

Klondike tributary of the Yukon induced a vast immi-
gration of prospectors, not only into British territory but
into every part of Alaska, with the usual concomitants

of hardship to those involved. Over 50,000 people are

believed to have been engaged in this search for the
precious metal, and a vigorous exploration of the territory

by the United States Government was one of the results.

Numerous placers were discovered in the gold belt, which
extends in a general line from old Fort Selkirk on the
Yukon to Bering Strait, with an average width of about
100 miles. The gold-bearing gravels are chiefly on the
smaller tributaries of the Yukon, where numerous mining
camps have sprung up with a fluctuating population.

In 1898 gold was discovered on the north shore of Norton
Sound at Cape Nome, and a year later the settlement of

Anvil City in this district was reported to contain a
population of 5000, and to have produced during 1899
nearly two millions of dollars.

Alaska may be divided climatologically and topographi-
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cally into several districts. The Sitha district takes its

shore water mainly from the Japanese current or

Kuro Siwo, which performs for the Pacific such
a function as does the Gulf Stream for the Atlantic

; but
owing to the much greater breadth of the Pacific, the
heat and energy^ of the Kuro Siwo are greatly depleted
before it reaches America. It crosses the ocean far south
of the Aleutian Islands in about lat. 45° N. and impinges
on the American coast near Queen Charlotte Islands,

Thence one portion turns southward and the other north-
ward and westward along the coast, becoming finally

dissipated among the Fox Islands. To the warmth and
moisture brought by this means the Sitkan district owes
its fog and rain (80 to 103 inches per annum), its high
mean temperature (43° *28), and its dense vegetation,

chiefly of spruce, hemlock, and cedar. The nanow, deep
channels, precipitous wooded slopes, multitudinous islands,

and mainland glaciers make this district remarkably
picturesque and characteristic, attracting thousands of

tourists. It is inhabited by Indians of the Haida and Tlinkit

stocks, who live chiefly by fishing and hunting. The prin-

cipal settlements are Sitka on Bar^noff Island, the capital

of Alaska, where the chief officials are stationed
;
Douglas,

on Douglas Island, a town grown up about the mines of

the Treadwell lode, an enormous mass of low grade ore,

reduced by mills of 800 stamps and producing nearly

$1,000,000 per annum
;
Juneau, on the mainland opposite,

another mining town fed by the precious metals of the

Silver Bow basin adjacent
;
and Skagway, at the head of

Lynn Canal, the port of entry for the Yukon, which is

reached by the Yukon and White Pass Eailway from
Skagway to Lake Bennett, in Canadian territory. A
missionary colony on Annette Island, under the direction

of the Eev. Mr Duncan, contains about 900 Indians of

the Tsimpsyau stock from British Columbia, and is famous
for its thrift and successful influence upon these people.

Agriculture is difficult in this district, but potatoes and
many garden vegetables are successfully grown. The
Kadiah district includes Cook’s Inlet, the peninsula of

Alaska, and the Kadiak islands. It is less densely

wooded, with more sunshine, less rain, and greater seasonal

extremes of temperature. There is more arable land and

the possibilities of agriculture are greater, but the mining

resources apparently less. The district exists by its

salmon fisheries, the waning fur trade, a few placer and
quartz mines, and a little agriculture. There are large

deposits of tolerably good Eocene lignite. The principal

settlements are Sunrise City, a placer mining camp at

the head of Turnagain arm of Cook’s Inlet; St Paul,

on Kadiak Island
;
and Unga, on the island of the same

name, largely supported by the Apollo Mine, the second

best quartz mine in AlasI^, producing over $200,000 in

gold annually. The Aleutian district derives its name
from traditions of islands beyond the Oliutorsk Cape of

Kamchatka, which related to the Diomedes. When the

Eussians explored Bering Sea and found the Catherina

Archipelago they transferred to it and its people the name
of the long-sought Oliutorski Islands. The islands are

destitute of trees but covered by a luxuriant growth of

herbage, and have a foggy, somewhat boisterous, but less

rainy climate than that of Sitka, with about the same

mean temperature, very free from extremes. They are

inhabited by the Unfingun (long known as Aleuts), a

rapidly-decreasing race, half civilized, with many virtues

and the usual aboriginal weaknesses. Their chief resource,

the sea otter, is nearly exterminated, the fur seal industry

in a state of decEne, and the people live chiefly by fishing.

There are no native land animals larger than the blue fox

;

but sea fowl are remarkably abundant, cod and other sea

fish plentiful, and salmon obtainable in moderate quantity.
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Agriculture is hardly practised, though a few vegetables

are raised. The raising of sheep and reindeer is Relieved

to he practicable on the less mountainous islands. The
chief settlements are on TJnaldshka Island, where Dutch
Harbour is the principal port for Bering Sea commerce

;

Atka, on the island of the same name; and the small

settlement of Attu, at the western extreme of the chain.

The Yukon district^ which may be taken as the vast

region north-westward from the Alaskan mountains, has

a colder and drier climate than those above mentioned,

passing northward into Arctic conditions. The immediate

shores are treeless, but the interior is fairly well wooded

with spruce, poplar, and birch along the water-courses.

The inhabitants of the coasts are Eskimo, of the interior

Tinneh, or Athabaskan Indians. The search for gold has

brought into the valley of the Yukon and its tributaries

a large population of prospectors. The residents depend

for substance chiefly upon salmon and white fish, with

which the rivers swarm; wild fowl, which are very

abundant
;
and the continental mammals, chief of which

is the wild caribou. Mining for placer gold is the only

industry, the fur trade being now unimportant, and there

are few salmon canneries. The chief port for the Yukon
is St Michael, on Norton Sound, though a large mining

camp, called Anvil City, has been established at Cape

Nome, on the north shore of the sound.

Though forming what is called a judicial and customs

district, Alaska is still an unorganized territory, with a

governor and some other officials appointed by the president.

Since 1884 the people have vigorously worked for the

extension of law and the organization of some kind of

official system throughout the territory. Until recently

these efforts have been but partially successful, but in

1900 a code for the administration of the territory under

improved conditions became law. The total population in

1890 was 32,052, of whom 23,531 were natives, 1823 of

mixed blood, and 4298 white. Of the natives 6000 were

of Haida, Tsimpsyan, and Tlinkit stock; 3400 of the

Tinneh tribes, 1000 Aleuts, and 13,100 Eskimo. The
annual diminution of the native population (1880-90) was
about 2 per cent., and of late the rate is believed to be

much more rapid. It is estimated that the white popu-

lation was in 1900 about 32,000.

The products of the territory have fluctuated with the

decline of certain industries and the rise of others. In

1890 they were as follows :

—

Pur seal \ yearly average f value $1,744,200
Other fur J for ten years \ n 628,400
Salmon (cases tinned, 642,175) fj 2,568,700

,, (salted, 18,0t39 barrels) ff 162,851

Cod (salted, 760 tons) » 38,000
Whale oil (12,503 barrels) tf 116,250
Whalebone (231,981 Ib) . 463,962

3,000Walrus ivory (5799 Ib) , i9

Gold JS 4,604,500
Silver >1 27,340

The value of gold produced by the territory in 1899 is

calculated by the director of the United States Mint to

be $4,610,000, and of silver $258,585. The fur seal

skins taken in 1887 on the Pribiloff Islands numbered
106,000 ; those taken by the pelagic sealers, 20,628. In
1897 the Pribiloffs could furnish only 19,200, while the

pelagic catch was 24,321. The continental fur trade is

waning, and, owing to competition, less profitable than
formerly. The whale fishery, now carried on only for the

baleen, as there is no profit on the oil, is reduced to eight

vessels. The salmon and cod fisheries are reasonably

prosperous. Mining has taken a great stride in advance,

^specially for the precious metals, and the prospect of

valuable copper mines in the Prince WUliam Sound region

is beEeved to be good.

See Whtmper. Travels in Alaska and on the Yukon^ 1868.

—

Dall. Alaska and its JResotorces, 1870.

—

Bauchoft. History of
Alaska, 1886.

—

Shepard. Cruise of the ^‘Eicsh,” 1889.—U.S.
Senate ex. doc. 146. Rejport on the Boundary line between Alaska
and British Columbia, 1889.

—

Wellcome. The Story of Met-
lakaMla, 1887.

—

Scidmore. Alaska and the Sitkan Archypelago,
1885. — U.S. Coast Survey. Meteorology and Bibliography of
Alaska, 1879 ; Coast Pilot of Alaska, 1883.— U.S. Geological

Survey (Ball)—Coal and Lignite of Alaska, 1896 ; (Becker)—
Goldfields of Southern Alaska, 1898 ; Map of Alaska, with descrip-

tive text, 1898.

—

Ball. Remains of Prehistoric Man in Alaska,

1878 ;
Tribes of the Extreme Noi'tli-West, 1877 ;

Alaska it was
and is, 1895.—^U.S. State Depaitment (D. S. Jordan)—Fur Seals

and Fur Seal Islands of the North Pacific, 1898-99.

(w. H. B.)

Al£i**ta.U {Variegated Mountains) is the name of

three different mountain ranges in the Russian dominions
in Asia

: (1) the Kuznetsk Ala-tau is on the frontiers of

Tomsk and Yeniseisk {q.v.)
; (2) the Dzungarian Ala-tau is

in the province of Semiryechensk (q-v.); and (3) the

Trans-Hi Ala-tau is in Turkestan (g'.'y.).

Al3.tyr, a district town of Russia, in the government
and 107 miles N.W. of Simbirsk, on the Sura, a tributary

of the Yolga, in steamer communication with Yasilsursk on

the Yolga, and by rail with Kazan (153 miles). It does

considerable trade in corn and has some historically

important monasteries. Population (1897), 11,090. The
important river port of Promzino Gorodische (4350) is in

its district.

Alava^ a province in the north of Spain—one of the

Spanish Basque Provinces, q.v.—with an area of 1200
square miles. The countship of Trevino (190 square miles),

in the centre of the province, belongs to the province of

Burgos. Population (1897), 94,642. There are two admin-

istrative districts and eighty-five parishes. Eew provinces

in Spain are inhabited by so laborious, active, and well-

to-do a population. The primary schools are numerously

attended, and there are very good normal schools for

teachers of both sexes, and a model agricultural farm. The
public roads and other works of the province are excellent,

and, like those of the rest of the Basque provinces, entirely

kept up by local initiative and taxes. Railways from
Madrid to the Erench frontier, and from Castejon to Bilbao,

both cross this province. The climate is mild in summer,

fitful in autumn and spring, and very cold in winter, as

even the plains are a high plateau surrounded on three

sides by mountains always snowclad during several months.

Asphaltic stone is quarried, and there are mineral waters

at many places, The local industries are of some import-

ance since 1880—foundries, manufactures of beds, furni-

ture, railway carriages, matches, paper, sweets, woollen and
cotton goods. Breadstuffs, colonial products, machinery

are largely imported. The live stock in the province

includes 7552 horses, 2844 mules, 1447 donkeys, 22,716

cattle, 68,066 sheep, 14,614 goats, and 21,355 pigs.

Wheat is grown on 49,965 acres
;
oats, barley, rye, and

maize on 28,075; vines on 36,000 ; and olives on 1795.

Only four mines are actually worked; lead, blende, and
lignite are produced.

Alba.cete, a province in the S.E. of Spain, with an

area of 5971 square miles. Population (1897), 233,005.

It is divided into eight districts and eighty-three parishes.

The state and provincial roads are not in very good con-

dition, and the municipal ones are worse. The climate

is temperate in the mountainous parts of the Jurre Alcaraz

district and in lower regions, but it is cold for months

in the ranges that have peaks several thousand feet

high; the rich and fertile valleys and some plains are

most thickly peopled. The live stock in the province

includes 1987 horses, 16,461 mules, 15,252 donkeys, 2410

cattle, 187,853 sheep, 50,687 goats, 22,113 pigs. Wheat
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is growa on 342,415 acres, other cereals on 249,500 acres, besides other buildings, the town hall, courts of justice,

vines on 98 630, and ohves on 26,738. Two salt-mines barracks, and provincial council palace. There are an in-

are worked, and 'there are important lagoons. stitute, schools for teachers of both sexes, seven municipal
and fifteen private schools. Matches are included in the

Alba.cete, the capital of the above province, has a manufactures. The population vcas 18,589 in 1887, and

station on the Madrid-Alicante line. Modern erections are, 21,637 in 1897.

ALBANIA.

Albania, a portion of the Turkish Empire extend-

ing along the western littoral of the Balkan penin-

sula from the southern frontier of Montenegro to the

northern confines of Greece, is perhaps the least known
region in Europe; and though more than a hundred

years have passed since Gibbon described it as “ a country

within sight of Italy, which is less known than the in-

terior of America,” but little progress has yet been made

towards a scientific knowledge of this interesting land and

its inhabitants. The wild and inaccessible character of

the country, the fierce and lawless disposition of the

people, the difficulties presented by their language and

their complex social institutions, and the inability of the

Turkish authorities to afford a safe conduct in the remoter

districts, combine to render Albania almost a terra in-

cogmta to the foreign traveller, and many of its geo-

graphical problems still remain unsolved. The region of

the Mirdites, the Mat district, the neighbourhood of

Dibra, and other localities have never been thoroughly

explored. The northern boundary of Albania has under-

gone some alteration in consequence of the enlargement of

Montenegro, sanctioned by the Berlin Treaty (13th July

1878); owing to subsequent arrangements providing for

the cession of Dulcigno to Montenegro (25th November

1880) in exchange for the districts of Plava and Gusinye,

restored to Turkey, the frontier-line (finally settled Decem-
ber 1884) now ascends the Boyana from its mouth to Lake
Sass, thence passes northward, and crossing Lake Scutari

separates the district of Kushka Krama on the N. from
the territories of the Hot and Element tribes on the S.

;

leaving Gusinye and Plava to the S.E., it turns to the

N.W. on reaching the Mokra Planina, and then follows

the course of the Tara river. On the S., Albanian territory

has been curtailed owing to the acquisition of the Arta
district by Greece (May 1881), the river Arta now form-

ing the frontier. On the E. the chains of Shar, Grammos,
and Pindus constitute a kind of natural boundary which
does not, however, coincide with ethnical limits, nor with
the Turkish administrative divisions. Albania is inhabited

by six different races: Albanians (who form the great

majority), Serbs, Bulgars, Greeks, Vlachs, and Turks,

together with an inconsiderable number of gypsies and
Jews. The larger portion of the interior is occupied by a
fairly compact Albaman population. Since about the
year 1870 there has been a remarkable advance of the
Albanians in a north-easterly direction towards Prish-

tina, Vrania, and Uskiib, the invaders inflicting much
injury on the Serb and Bulgar inhabitants. Servian
settlements exist in various parts of Northern Albania;
there is a strong Bulgarian colony in the neighbourhood
of Dibra and Ochrida; farther south, Mount Zygos and
the Pindus range—^the '' Great Wallachia” of the middle
ages— are inhabited by Ylakhs or Tzintzars; several

Turkish settlements are found in the south-eastern districts,

while in Southern Epiros there is a large admixture of the
Greek element. North-western Albania forms part of the
Turkish vilayet of Eossovo

;
the northern highlands are

included in the vilayet of Shkodra (Scutari), the eastern
portion of Central Albania belongs to the vilayet of

Monastir, and the southern districts are comprised in the
vilayet of lannina. The boundaries of the three last-

named vilayets meet near Elbassan. The name Albania
(in the Tosk dialect Arheria, in the Gheg Arhenia\ like

Albania in the Caucasus, Armenia, Albany in Britain,

and Auvergne {Arvenia) in France, is probably connected
with the root alh^ alp^ and signifies “ the white or snowy
uplands.”

The mountain system is extremely complex, especially

that of the northern region. On the E. the great Shar
range, extending in a south-westerly direction

from the neighbourhood of Prishtina to that of

Dibra, is continued towards the S. by the

ranges of Grammos and Pindos : the entire chain, a pro-

longation of the Alpine systems of Bosnia and Dalmatia,

may be described as the backbone of the peninsula; it

forms the watershed between the Aegean and the Adriatic,

and culminates in the lofty peak of Liubotrn, near Eal-

kandele, the highest summit in South-Eastern Europe
(3050 metres). The country to the W. of this natural

barrier may be divided geographically into three districts

—

Northern, Central, and SouthernAlbania. The river Shkumb
separates the northern from the central district, the Viossa

the central from the southern. The highland region of

Northern Albania is divided into two portions by the lower

course of the Drin
;
the mountains of the northern portion,

the Bieska Malziis, extend in a confused and broken series

of ridges from Scutari to the valleys of the Ibar and
White Drin

;
they comprise the rocky group of the Pro-

kletia, or Accursed Mountains, with their numerous rami-

fications, including Mount Velechik, inhabited by the

Kastrat and Shkrel tribes, Bukovik by the Hot, Golesh

by the Element, Skulsen (2296 metres). Baba Vrkh (about

2227 metres), Maranazh near Scutari, and the Bastrik

range to the E. South of the Drin is another complex
mountain system, including the highlands inhabited by
the Mirdites and the Mat tribe; among the principal

summits are Deia Mazzuklit, Mal-i Velesh, Eiaba, and
Toli. Central Albania differs from the northern and
southern regions in the more undulating and less rugged

character of its surface
;

it contains considerable lowland

tracts, such as the wide and fertile plain of Musseki,

traversed by the river Simen. The principal summit is

I

Tomor (2413 metres), overhanging the town of Berat.

Southern Albania, again, is almost wholly mountainous,

with the exception of the plains of lannina and Arta
;
the

most noteworthy feature is the rugged range of the

Tehika, or Ehimara mountains, which skirt the sea-coast

from S.W. to N.E., terminating in the lofty promontory

of Glossa (ancient AhroJcercuwnia), Further inland the

Mishkeli range to the N.E. of Lake lannina and the

Nemertzika mountains run in a parallel direction. In the

extreme S., beyond the basin of the Ealamas, the moun-
tains of Suli and Olyzika form a separate group. The
rivers, as a rule, flow from E. to W. ;

owing to the rapidity

of their descent none are navigable except the Boyana and

Arta in their lower courses. The principal rivers are the

Boyana, issuing from Lake Scutari, and consequently

regarded as a continuation of the Montenegrin Moratcha,
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tlie Drin, formed by the confluence of the White and Black

Drin, which flowing respectively to the S. and IST. through

a long valley at the foot of the Shar range, take a westerly

direction after their junction, the Matia, the Arzen, the

Shkumb (anc. Genusos), the Simen (anc. Apsos), formed

by the junction of the Devol and Ergene, the Viossa (anc.

Aous), which owing to the trend of the Chimara range

takes a north-westerly direction, the Kala-

mas (anc. Thyamis\ and the Arta (anc.

Amchthos), flowing S. into the Ambracian

Gulf. A portion of the stream of the

Drm has recently found its way into the

Boyana channel; the result has been a

rise in the level of Lake Scutari and the

inundation of the adjacent lowlands. A
proposal to confine the Drin to its former

course by means of a dyke, and to ease the

downflow of the Boyana by a canal open-

mg navigation to Lake Scutari, has long

been considered by the Turkish authorities.

The great lakes of Scutari (350 sq. ML)
and Ochrida (270 sq. Ml.) are among the

most beautiful in Europe; the waters of

the latter, which find an outlet in the

Black Drin, are of marvellous clearness.

Lake Malik, to the S.W. of Ochrida, is

drained by the Devol. The waters of the

picturesque Lake lannina (61 sq. Ml.) find

an issue by Jcatabothra, or underground

channels, into the Ambracian Gulf. The
lake of Butrinto (anc. Buthrotmrb) is near

the sea-coast opposite Corfu.

The climate is healthy in the uplands,

though subject to violent changes; in the

valleys fever is very prevalent, especially

in the basins of the Boyana, the lower

Drm, and the Simen. The winter is short,

but exceedingly cold; snow remains on

the Prokletia and other mountains till

August, and sometimes throughout the

year. The summer temperature in the

plains is that of southern Italy; in the

mountain districts it is high during the

day, but falls almost to freezing-point at

night. The sea-coast is exposed to the

fierce hora, or north wind, during the

spring.

The mountains of Albania are said to be

rich in minerals, but this source of wealth

remains practically unexplored,

products.
probably abund-

ant, and silver-lead, copper, and
antimony are believed to exist. Gold mines
were worked in antiquity in the Drin
valley, and silver mines in the Mirdite

region were known to the Venetians in

the middle ages. At SeHnitza, near Avlona,

there is a remarkable deposit of mineral

pitch which was extensively worked in

Eoman times
;
mining operations are still

carried on here, but in a somewhat primi-

tive fashion. The splendid forests, of which there are

70,000 square acres in the vilayet of Scutari alone, are

undergoing a rapid process of destruction, as in other

lands under TurMsh rule. The principal trees are the

oak, the valonia oak, the beech, ash, elm, plane, celtis,

poplar, and walnut, wMch give way in the higher regions

to the pine and fir. The oak forests near Dibra, where

charcoal-making is a considerable industry, and the beech-

woods of the Prishtina district, are especially remarkable.

The sumach is largeiy grown in the Mirdite district
; its

leaves are exported to Trieste for use in tanneries and
dyeworks. In 1898 the export of valonia was estimated
at 280,000 francs, of sumach at 60,000 francs. Of fruit-

trees the white mulberry, cherry, and wild pear are

plentiful, the chestnut and walnut are sometimes met
with, and the ohve is grown in the lowland and mari-

time districts. The exportation of olive oil in 1893

was valued at 600,000 francs. The greater part of

the country is admirably sidted to viticulture, and wine

of tolerable quality is produced. Tobacco is grown ex-

tensively in Southern Albania, especially near Berat and

in the upper vaUey of the Viossa, but the quantity ex-

ported is small. The means of subsistence are mainly

provided by the cultivation of grain and cattle-rearing.

Notwithstanding the primitive condition of agriculture,
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the deficiency of communications, and the damage caused

by frequent inundations, Albania furnishes almost the

entire corn supply of the Dalmatian coast and islands.

Maize is the favourite grain for home consumption, but

considerable quantities of this cereal, as well as barley,

rye, and oats, are exported. The total export of cereals

in 1898 was valued at 1,770,000 francs. Sheep and
goats form almost the only wealth of the mountaineers of

Northern Albania; large cattle are found only on the

plains. The slopes of Pindos afford excellent pasture for

the flocks of the Vlakh shepherds. The export of raw
hides and wool is considerable

;
the former was estimated

in 1898 at 2,260,000 francs, the latter at 600,000 francs.

The lakes and rivers of Albania abound in fish. The
scoranze, a kind of sardine, is taken in great quantities in

Lake Scutari ; it is salted and smoked for home consump-
tion and exportation. Sea fishing is almost wholly
neglected. There are salines at Avlona and other places

on the coast.

The exports in 1898 were estimated at 12,000,000 francs,

the imports at 34,000,000 francs, the former comprising agri-

cultural produce, live stock, hides, wool, cheese,
Commerce

poultry, olive oil, valonia, sumach leaves,

indtistrles. £>kins of wild animals, siUr, tobacco,

and salted fish, the latter manufactured articles,

cloth, hardware, furniture, firearms, gunpowder, sugar,

coffee, etc. The monopoly of Albanian commerce formerly

possessed by Venice has descended to Austria-Hungary; the
trade with other countries, except Italy, is inconsiderable.

Owing to the poverty of the people, cheap Austrian goods
find a readier sale than the more expensive and solid British

manufactures. The maritime traffic is largely conducted
by the steamers of the subsidized Austrian-Lloyd company,
Trieste being the principal commercial centre; the coasting

trade is carried on by small Greek and Turkish sailing

vessels. The trade of the northern and western districts

has to some extent been diverted to Salonika since the
opening of the railways from that town to Mitrovitza and
Monastir. The development of commerce is retarded by
lack of communications; the country possesses no rail-

ways and few roads. Several railway lines have been
projected, but there is no great probability of their con-

struction under existing political conditions. The Via
Egnatia, the great Eoman highway to the east, is still

used; it runs from Durazzo (Dyrrhachium) to Elbassan
and Ochrida. lannina is connected by carriage-roads with
Monastir, Agii Saranta, and Preveza. As a rule, however,
bridle-paths supply the only means of communication.
The native industries are inconsiderable, and many of
them are in a languishing condition. The manufacture
of highly ornate firearms, yataghans, and other weapons
at Scutari, Gyakovo, and Prizren has declined, owing to
the importation of modern rifles and revolvers. Gold and
silk embroidery, filigree work, morocco, and richly-braided

jackets are produced for home use and for sale in Bosnia,
Macedonia, and Montenegro.

The population of Albania may be estimated at between
1,600,000 and 1,500,000, of whom 1,200,000 or l,100,a00 I

PoDir/a«
Albanians. Of the other races the Slavs

iioit!
(Serbs and Bulgars) are the most numerous,
possibly numbering 250,000. There is a con-

siderable Greek-speaking population in Epiros (including
nmny Mahommedan Albanians), which must, however, be
distinguished from the genuine Greeks of la.-n-nina.^ Pre-
veza, and the extreme^south

;
the latter may be estimated

at 100,000. The Vlakhs, mainly in the Pindos district,

possibly number 70,000. The population of the vilayet
of Scutari is given as 322,000, or 28 per square kilometre

;

that of the v^yet of lannina as 648,000, or 33 per square
kilometre. The principal towns are Scutari (Albanifin

Shkdder, with the definite article Shkoder^-a), the capital
of the vilayet of that name, pop. 37,000 ; Prizren, 30,000 •

lannina (often incorrectly written loannina), capital of the
southern vilayet, 25,000; Gyakovo, 25,000; Dibra, 20 000 *

Ipek (Slav.P6?56A), 15,000; Berat, 15,000; Ochrida, 15 000*
Tirana, 12,000; Argyrokastro, 11,000; Kortcha (Slav.'
itm\ 10,000 ;

Elbassan, (perhaps anc. Alhanopolis)^ 8000 •

Metzovo, 7500; Preveza, 6500; and Kroia, the ancient for-
tress of Skanderbeg, 5000.

The Albanians are apparently the most ancient race in South-
Eastern Europe. History and legend afford no record of their
arrival in the Balkan peninsula. They are probably the descend-
ants of the earliest Aryan immigrants, who weie represented in
historical times by the kindred Illyrians, Macedonians, and Epirots •

the Macedonians and Epirots are believed by Hahn to have formed
the core of the pre-hellenic Tyrrheno-Pelasgian population which
inhabited the southern portion of the peninsula and extended its
limits to Thrace and Italy. The Illyrians were also “Pelasgian ”

but in a wider sense. Of these cognate races, which are described
by the Greek writers as barbarous or non-hellenic, the Illyrians and

I
Epirots, he thinks, were respectively the progenitors of the Ghegs
or northern, and the Toslcs^ or southern, Albanians. The Via
Egnatia, which Strabo (vii. fragment 3) describes as forming the
boundary between the Illyrians and Epirots, practically corresponds
with the course of the Shkumb, which now separates the Ghe^s and
the Tosks. The same geographer (v. 2, 221) states that the Epirots
were also called Pelasgians

; the Pelasgian Zeus was worshipped at
Dodona (Homer, E. xvi. 234) and the neighbourhood of the
sanctuary was called Pelasgia (Herodotus, ii. 56). The name Tosh
is possibly identical with Tuscus, JStruscus, while the foim
Tyrrhenus perhaps survives in Tirana. The large number of
Slavonic local names in Albania, even in districts where no trace
of SL Slavonic population exists, bears witness to an extensive
Servian or Bulgarian immigration in the early middle ages, but
the original inhabitants appear to have gradually ousted the in-
vaders.^ The determination with which this remarkable race has
maintained its mountain stronghold through a long series of ages
has hitherto met with scant appreciation in the outside world.
While the heroism of the Montenegrins has been lauded by writers
of all countries, the Albanians—if we except Byron’s eulogy of the
S^ots—-still carent mte sacro. Not less noticeable is the tenacity
with which isolated fragments of the nation have preserved their
peculiar characteristics, language, customs, and tiaditions. The
Albanians in Greece and Italy, though separated for six centuries
from the parent stock, have not yet been absorbed by the surround-
ing populations.

The Albanians, both Ghegs and Tosks, call themselves
Shkyipetar, and their land Shkyipenia or Shkyiperia^ the
former being the Gheg, the latter the Tosk form of the word.
Shkyipetar has been variously interpreted. According to

Hahn it is a participial from shkyipoy “I understand,”
signifying “ he who knows ” the native language

; others
interpret it as ‘'the rock-dweller,” from shkep, shkip^

“rock.” The designations Arber (Greek Kpjiavirrjs,

Turkish Arnaout) denoting the people, and Arhenia
or Arheria the land, are also, though less frequently,

used by the Albanians. The Tosk form Arheria strictly

applies only to the mountain district near Avlona. The
region inhabited by a more or less homogeneous Albanian
population may be roughly marked out by a line drawn
from the Montenegrin frontier at Berane to Leskovatz in

Servia, thence to Yrania, Tlskiib, Prilep, Monastir, Fiorina,

KAstoria, lannina, and Parga. These limits, however, are

far from including all the members of a widely-scattered

race. The Albanians in Greece, whose settlements extend
over Attika, Boeotia, the district of Corinth, and the Argo-
lid peninsula, as well as Southern Eubcea and the islands

of Hydra, Spetzae, Poros, and Salamis, descend from Tosk
immigrants in the 14th century. They played a brilliant

part in the war of independence, and to-day supply the

Greek army with its best soldiers. They were estimated

by Leake at 200,000. A large number still speak the

j^banian language
;
many of the older men, and a con-

siderable proportion of the women, even in the neighbour-

hood of Athens, are ignorant of Greek, The Albanian
settlements in Southern Italy and Sicily were founded in
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^
1464, and 1468; minor immigrations followed in

the three succeeding centuries. In Southern Italy there

are 72 Albanian communes, with 154,674 inhabitants; in

Sicily 7 communes, with 52,141 inhabitants. The Italian

and Sicilian Albanians are of Tosk descent, and many of

them still speak a variation of the Tosk dialect. There

are also several Albanian settlements in European Turkey

and Asia Minor, some founded by military colonists who
received grants of land from successive sultans, others

owing their origin to enforced migrations after insurrec-

tions in Albania. The only genuine division of the

Albanian race is that of Ghegs and Tosks
;
the Liaps, who

inhabit the district between the Viossa and the sea, and

the Tshams or Chams, who occupy the coast-land south of

the Kalamas, are subdivisions of the Tosk family. The
name Gheg {Geg^ is not adopted by the Ghegs them-

selves, being regarded as a nickname; the designation

Tosk {TosTce-a) is restricted by the Tosks to the inhabit-

ants of a small region north of the lower Viossa (Toskeria).

While the other primitive populations of the peninsula

were either hellenized or latinized, or subsequently

absorbed by the Slavonic immigration, the

^ha^ter ^ great extent remained unaffected

foreign inffuences. Eetaining their original

language and preserving the customs and
institutions of remote antiquity, they present a distinct

type, and differ in many essential particulars from the

other nations of the peninsula. The Ghegs, especially,

notwithstanding their fierce and lawless character, their

superstition, ignorance, and predatory propensities, possess

some noteworthy qualities rarely found in Eastern Europe

:

simple, brave, faithful, and sometimes capable of devoted

attachment, these wild mountaineers make excellent

soldiers and trustworthy retainers; they have long fur-

nished a bodyguard to the sultan, and are much employed

as kavasses and attendants at foreign embassies and
consulates in the East. The native disposition of the

Tosks has been modified by intercourse with the Greeks

and Ylakhs; while the Gheg devotes his attention ex-

clusively to fighting, robbery, and pastoral pursuits, the

Tosk occasionally occupies himself with commercial,

industrial, or agricultural employments; the Gheg is

stern, morose, and haughty, the Tosk lively, talkative,

and affable. The natural antipathy between the two
sections of the race, though less evident than in former

times, is far from extinct. In all parts of Albania the

vendetta {gydl^ or blood-feud, the primitive lex talionu,

is an established usage
;
the duty of revenge is a sacred

tradition handed down to successive generations in the

family, the village, and the tribe. A single case of

homicide often leads to a series of similar crimes or to

protracted warfare between neighbouring families and
communities

; the murderer, as a rule, takes refuge in the

mountaius from the avenger of blood, or remains for

years shut up in his house. It is estimated that in con-

sequence of these feuds scarcely 75 per cent, of the

population die a natural death. A truce {hessa : literally

“faith, pledge’^), either temporary or permanent, is

sometimes arranged by mediation or, among the Ghegs,
by the intervention of the clergy; a general hessa !l^s

occasionally been proclaimed by special irade of the

sultan, the restoration of peace being celebrated with
elaborate ceremonies. So stringent are the obligations of

hospitality that a household is bound to exact reparation

for any injury done to a guest as though he were a

member of the family. No traveller can venture into the

mountain districts without the hessa of one of the inhabit-

ants
;
once this has been obtained he will be hospitably

welcomed. In some districts there is a fixed price of

blood; at Argyrokastro, for instance, the compensation
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paid by the homicide to the relatives of his victim is 1200
piastres (about £10), at Khimara 2000 piastres; once the
debt has been acquitted amicable relations are restored.

Notwithstanding their complete subjection, women are

treated with a certain respect, and are often employed as

intermediaries in the settlement of feuds
;
a woman may

traverse a hostile district without fear of injury, and her
hessa will protect the traveller or the stranger. Women
accompany their male relatives to the battlefield for the

purpose of tending the wounded and carrying away the

dead. The bride brings no dowry to her husband ; she is

purchased at a stipulated price, and earnest-money is paid
at the betrothal, which usually takes place while the
contracting parties are still children. It is customary for

young men who are attached to each other to swear
eternal brotherhood (compare the Slavonic pohratimstvo)

;

the contract is regarded as sacred, and no instance has
been known of its violation. The costume of the Tosks
differs from that of the Ghegs

;
the distinctive feature of

the former is the white plaited linen fustanella or petti-

coat, which has also been adopted by the Greeks; the

Ghegs wear trews of white or crimson native cloth

adorned with black braid, and a short, close-fitting jacket,

which in the case of wealthy persons is embellished with
gold lace. The fez is worn by both races, and in the

northern highlands yataghans and firearms are almost
invariably carried. The costume of the Mirdite and Mat
tribes is peculiar. It consists of a sheepskin cap, a long
white tunic bound with a red girdle, white linen trousers,

and opinki, or sandals.

The tribal organization in Northern Albania is an
interesting survival of the earliest form of social combina-
tion

;
it may be compared in many respects

with that which existed in the Scottish highlands

in the time of the Stuart kings. The practical
^ ^

autonomy which the Gheg mountaineers enjoy has been
won by a prolonged and successful resistance to Turkish
domination

;
as a rule they pay no taxes, they are exempt

from the conscription, they know nothing of the Ottoman
law, and the few Turkish officials established amongst
them possess no real authority. Their only obligation to

the Turkish government is to furnish a contingent in

time of war; the only law they recognize is either

traditional custom {adet) or the unwritten Kanun-i Lehs

Buhajinit, a civil and criminal code, so called from its

author, Leka Dukajini, who is supposed to have lived in

the 13th or 14th century. The tribe or mal (“mountain”)

is often composed of several clans (phis^^ phdrea) or

haryalcs (literally “standards”) each under a chief or

haryahtar (standard-bearer), who is, strictly speaking, a

military leader
;
there are in each clan a certain number

of elders or voivodes (Albanian hr^ye, pi. hrem-te) who
form a council and, like the baryaktar, hold their office by

I

hereditary right
;
they preside over the assemblies of the

tribesmen, which exercise the supreme legislative power.

The clan is generally subdivided into smaller communities

{rmhaU\ each administered by a local notable or gyohar.

The gyobars superintend the execution of the laws, collect

fines, and administer capital punishment; they are in

contact with the hiluhpashiy or resident representative of

the tribe at Scutari, who forms the only link between the

mountaineers and the Turkish government. He com-

municates to the tribesmen the orders of the Tali, which

must be framed in accordance with their customs and

institutions. The tribes of Northern Albania, or Ghegeria,

may be classified in seven groups as follows:—(1) The

Mirdites, who inhabit the alpine region around Orosh to

the south-east of Scutari—^the most important of all in

respect of numbers (about 26,000) and political inde-

pendence. A Catholic tribe, occupying an inaccessible
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district, they have hitherto defeated every effort of the

Turks to encroach on their autonomy. Their hereditary

chiefs, or capidans^ belong to the family known as Dera e

Gyon Markut (the house of John Marco) which is said to

be descended from Skanderbeg. In 1868 the reigning

chief, Bib Doda, died, and his son and successor Prenk

was detained as a hostage by the Turks. The Mirdites

consequently refused to contribute their customary con-

tingent to the Turkish army, and eventually Prenk was

restored. His ambiguous conduct, however, led to the

despatch of two expeditions against the Mirdites and the

devastation of their territory. In 1880 Prenk was kid-

napped by the Turkish authorities and exiled to Anatolia

;

another member of the ruling family was appointed

kaimakan, but the Mirdites refused to obey him, and
their district has ever since been in a state of anarchy.

Ho Moslem is allowed to remain in Mirdite territory.

(2) The Mi-shkodrak (Upper Scutari) group or confedera-

tion, also known as the Malsia-Madhe (Great Highlands)

is composed of the Klement, Grud-a, Hot, Kastrat, and
Shkrel tribes, which occupy the mountainous district

north-east of Scutari. Owing to the proximity of the

capital this group is comparatively subject to the Turkish

power, and pays a small annual tribute
;
the chiefs, who

assess and collect the tribute, form a kind of adminis-

trative council
j

the confederation has also an official

representative council at Scutari, called the Jibal, under
the presidency of a Serkarde or Moslem official. (3) The
Dukajin, whose territory lies between that of the last-

named group and the Mirdite country, include the Pulati,

Shalla, Shoshi, and other tribes
;
they are more independent

and more savage than the Mi-shkodrak, and have never

paid tribute from time immemorial. (4) The Puka group,

known as “ the Seven Baryaks of Puka,” dwell farther to

the east
;
they are nominally administered by a Turkish

kaimakam, who is a mere spectator of their proceedings.

(5) The Malsia Gyakovs, a group of two Catholic and
three Moslem tribes, extend in the direction of Gyakovo,
where they maintain an official representative; they are

entirely exempt from taxation. (6, 7) The Malsia-Lezhs,

who occupy the Alessio highlands, and the Malsia Krues,

who inhabit the region north of Kroia, live in a state of

extreme poverty and pay no tribute
;
the latter are much

addicted to brigandage. To these seven groups, which
are included under the general appellation of Malissori, or

“highlanders,” may be added the Malsia of Dibra, who
extend to the west and north of that town, and form a
large separate group

;
they are notorious for their fierce

lawless character, and maintain themselves by plunder-

ing the Bulgarian peasants in their neighbourhood. In
general the attitude of the Albanians in the north-western
districts towards the Slavonic peasantry may be compared
with that of the Kurds towards the Armenians. In
Central Albania the Mat tribe, which occupies the upper
valley of the Matia, presents an entirely different organ-
ization

;
their district is governed by four wealthy families

possessing hereditary rank and influence. Towards the
south the tribal 'organization becomes looser and is

gradually supplanted by a kind of feudal system
; among

the powerful aristocratic houses may be mentioned the
Vliores at Avlona, who are stated to own 400 square
kilometres of land, and the Toptans at Tirana. The
principal landowners, who reside in fortified houses, are
all Moslems

; their estates are cultivated on the rmtayer
system. Since the time of Ali Pasha, who broke the
power of the local cMeftams, Southern Albania has been
subject to the central Turkish power

; before that period
the mountaineers of SuH and Khimara enjoyed an inde-

pendence similar to that of the Gheg tribes.

The great majority of the Albanians, probably more

than three-fifths, are Moslems. The conversion of the
Christian population to Islam appears to have
taken place during the 16th and 17th centuries.

Like the Cretan Moslems and the Bulgarian Pomaks the
Albanian Mahommedans retain many Christian traditions
and customs ;

it is said that many thousands of them
secretly adhere to their original faith. In the vilayet of

Scutari they form more than 60 per cent, of the popu-
lation; Central Albania is almost entirely Moslem; in
Southern Albania, however, there is a considerable Christian
population, whose limits practically coincide with those of

the Greek-speaking districts. Of the Christian Albanians
(about 480,000) some 100,000 are Catholics, almost all

belonging to the Gheg tribes of the north
; the remainder,

including a small proportion of the Tosks, and nearly all

the Greeks, Slavs, and Vlakhs, are of the Orthodox Church.
The Catholic Ghegs appear to have abandoned the Eastern
for the Western Church in the middle of the 13th century.

Their bishops and priests, who wear the moustache in

deference to popular prejudice, are typical specimens of

the church militant. Some of the Gheg tribes, such as

the Puka, Malsia, Gyakovs, and Malsia Krues, are partly

Catholic, partly Moslem; among fellow - tribesmen the

difference of religion counts for little. The Mirdites are

exclusively Catholic, the Mat-i exclusively Moslem. At
the head of the Catholic hierarchy are the archbishops of

Scutari (with three suffiragans), Prizren, and Durazzo
;
the

mitred abbot of St Alexander is the spiritual chief of

the Mirdites. The Orthodox Church has metropolitans

at Prizren, Durazzo, Berat, lannina, and Kortcha; the

Bulgarian exarchate maintains a bishop at Dibra. Of
the Albanians in Sicily the great majority (44,791) remain
faithful to the Greek Church; in Italy 116,482 follow the

Latin ritual, and 38,192 the Greek. All the Albanians in

Greece belong to the Orthodox Church.

Education is almost non-existent, and the vast majority

of the population, both Christian and Moslem, are totally

illiterate. Instruction in the Albanian language

is prohibited by the Turkish Government for
^

political reasons
;
a single exception has been made in the

case of an American school for girls at Kortcha. There

are Turkish primary and secondary schools in some of the

towns ; in the village mosques instruction in the Koran is

given by the imims, but neither reading nor writing is

taught. The aristocratic Moslem families send their sons

to be educated in Constantinople or Yienna. At Scutari

a college and a seminary are maintained by the Jesuits,

with the aid of the Austrian Government
;
the Eranciscans

have several primary schools, and three lay schools are

supported by the Italian Government : in all these institu-

tions Italian is the language of instruction. There are two
Servian seminaries at ftizren. In Southern Albania there

are Greek schools in the towns and a large Greek gymnasium
at lannina. The priests of the Greek Church, on whom
the rural population depend for instruction, are often

deplorably ignorant. The merchant families of lannina

are well educated
;
the dialect spoken in that town is the

purest specimen of colloquial Greek.

Albania has never had a national history, owing to the

want of unity and cohesion amongst its inhabitants ;
even

the heroic resistance of Skanderbeg to the Turks

(1443-67) can hardly be described as a ^eat
national effort. The surrender of Scutari in

1478 marked the end of Yenetian supremacy in Upper

Albania
;
many of the native Christian defenders of the

town eventually took refuge in the mountains, and became,

it is said, the ancestors of the Catholic Ghegs. notwith-

standing the abandonment of Christianity by a large

section of the population, the authority of the sultans was

never effectively established, and succeeding centuries
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present a record of interminable conflicts between the

tribesmen and the Turks, between the Christians and the

converts to Islam, or between all combined and the tra-

ditional Montenegrin enemy. The decline of the Ottoman

power, which began towards the end of the 17th century,

was marked by increasing anarchy and lawlessness in the

outlying portions of the empire. A Moslem chieftain,

Mehemet of Bushat, after obtaining the pashalik of Scutari

from the Porte, succeeded in establishing an almost inde-

pendent sovereignty in Upper Albania, which remained

hereditary in his family for some generations. In Southern

Albania Ali Pasha of Tepelen {b, about 1750), an able,

cruel, and unscrupulous man, subdued the neighbouring

pashas and chiefs, crushed the Suliotes and Khimarrhotes,

and exercised a practically independent sovereignty from

the Adriatic to the ^gean. He introduced comparative

civilization at lannina, his capital, and maintained direct

relations with foreign powers. Eventually he renounced

his allegiance to the Sultan, but was overthrown by a

Turkish army in 1822. Shortly afterwards the dynasty

of Scutari came to an end with the defeat of Mustafa

Pasha, the last of the house of Bushat. The opposition of

the Albanians, Christian as well as Moslem, to the reforms

introduced by the Sultan Mahmfld II. led to the devasta-

tion of the country and the expatriation of thousands of

its inhabitants. During the next half-century several local

revolts occurred, but no movement of a strictly political

character took place till after the Berlin Treaty (13th July

1878), when some of the Moslems and Catholics combined

to resist the stipulated transference of Albanian territory

to Austria-Hungary, Servia, and Montenegro, and the

Albanian League was formed by an assemblage of chiefs

at Prizren. The movement, which was instigated by the

Porte with the object of evading the provisions of the

treaty, was so far successful that the restoration of Plava

and Gusinye to Albania was sanctioned by the Powers,

Montenegro receiving in exchange the town and district of

Dulcigno. The Albanian leaders, however, soon displayed

a spirit of independence, which proved embarrassing to

Turkish diplomacy and caused alarm at Constantinople

;

their forces came into conflict with a Turkish army under

Dervish Pasha near Dulcigno (November 1880), and
eventually the league was suppressed. A similar agitation

on a smaller scale was organized in Southern Albania to

resist the territorial concessions awarded by the Powers
to Greece. These movements, however, were far from
displaying a genuinely national character. In recent years

attempts have been made by Albanians resident abroad to

propagate the national idea among their compatriots at

home
;
committees have been formed at Brussels, Bucharest,

Athens, and elsewhere, and books, pamphlets, and news-

papers are surreptitiously sent into the country. Unity
of aim and effort, however, seems foreign to the Albanians,

except in defence of local or tribal privileges. The growth
of a wider patriotic sentiment will depend on the spread

of popular education : up to the present no appreciable

progress has been made in this direction.

Albania abounds in ancient remains, which as yet have
been little explored. Fragments of Cyclopean structures

were discovered byHahn at Kretzunista, Axinista,

and other sites in the district of Argyrokastro

;

the walls, partly Cyclopean, of an ancient city

(perhaps Bullis) are visible at Gradista on the Viossa.

The remains of the classical epoch attest the influence of

Boman rather than of Greek civilization. At Pollina, the
ancient Apolloni/a^ are the remnants of a Doric temple, of
which a single column is still standing. A little north of

Preveza are the considerable ruins of Nikopolis, founded
by Octavian to commemorate the victory of Actium. At
Khimara (ancient Chimasra) the remains of an old Greek
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city may still be seen
;

at Santa Quaranta (ancient

OnchesTnos) the walls and towers of a later town are in

good preservation. Pew traces remain of the once cele-

brated Dyrrhachium. The ruins of Pandosia, Ephyra,
Elatea, Phoenike, Buthrotum, Akrolissos, and other towns
may be identified. The most important and interesting

remains, however, are those of Dodona, near lannina, the
seat of the famous oracle of the Pelasgian Zeus, The
ruins, which were excavated by Mr Constantine Carapanos
of Athens in 1875, furnished a rich yield of inscriptions,

statuettes, vases, and other objects. The temple of Zeus
stood in the upper part of a temenos or sacred precinct,

together with two other buildings, one of which was
probably a sanctuary of Aphrodite; the inclosure was
approached by propylsea. A remarkably large theatre is

situated in a neighbouring valley. Por details see Mr
Carapanos’s work, Dodone et ses Buines (Paris, 1878). Of
the mediaeval ruins those of Kroia, the stronghold of

Skanderbeg, are the most interesting.

Albanian is peculiarly interesting as the only sur-

viving representative of the so-called Thraco-Illyrian

group of languages which formed the primitive

speech of the peninsula. It has afforded an
attractive study to philologists, amongst whom may be
mentioned Malte-Brun, Leake, Xylander, Hahn, Miklositch,

and G. Meyer. The analysis of the language presents

great difficulties, as, owing to the absence of literary monu-
ments, no certainty can be arrived at with regard to

its earlier forms and later development. The groundwork,
so far as it can be ascertained, and the grammar are

Indo-European, but a large number of words have been
borrowed from the Latin, or Italian, and Greek, and it is

not always easy to decide whether the mutilated and
curtailed forms now in use repiesent adopted words or

belong to the original vocabulary. There is also a con-

siderable admixture of Turkish and Slavonic words. Not-
withstanding certain points of resemblance in structure

and phonetics, Albanian is entirely distinct from the

neighbouring languages
;
in its relation to early Latin and

Greek it may be regarded as a co-ordinate member of the

Aryan stock. It possesses seven vowels
;
among the con-

sonants are the aspirated d and t, as in Greek, and many
other sounds, such as d, sh, zh (French y), and hard g,

which are wanting in Greek, but exist in the Slavonic

languages. There are three declensions, each with a
defiite and indefinite form; the genitive, dative, and
ablative are usually represented by a single termination

:

the vocative is formed by a final o, as memmo from memme^
“ mother.” The neuter gender is absent. There are two
conjugations

;
the passive formation, now wanting in most

Indo-European languages, has been retained, as in Greek :

thus icerkoAy^ “I seek,” forms kerho-n-em^ “I am sought.”

The infinitive is not found
;
as in Greek, Eumanian, and

Bulgarian it is replaced by the subjunctive with a particle.

The two auxiliary verbs are “I have,” and “I
am.” An interesting and characteristic feature of the

language is the definitive article, which is attached to

the end of the word : e.g,^ mih (“ friend,” amicus)^ mik-u

(‘‘the friend”); Men (“dog”), kein^i; Shhamb^ Shkumh-i.

The suffix-article likewise appears in Eumanian and
Bulgarian, but in no other Latin or Slavonic language.

Another remarkable analogy between the Albanian and
the neighbouring languages is found in the formation of

the future
;
the Albanian do (3rd pers. sing, of dova^ I

will,”) like the Greek is prefixed without change to all

persons of the verb : a similar usage in Servian and
Bulgarian, as well as in Eumanian (especially the Mace-

donian dialect), is peculiar to these languages in the

Slavonic and Latin groups. These and other points

of similarity have led to the conjecture that the primitive

S. L— 33
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Illyrian language may have exerted some kind of influence

on the other idioms of the peninsula. In the absence of

literary culture the Albanian dialects, as might be expected,

are widely divergent; the limits of the two principal

dialects correspond with the racial boundaries of the Ghegs

and Tosks, who understand each other with difiiculty

:

the Albanians in Greece and Italy have also separate

dialects. In writing Albanian the Latin character is

employed by the Ghegs, the Greek by the Tosks ;
neither

alphabet suffices to represent the manifold sounds of the

language, and various supplementary letters or distinguish-

ing signs are necessary. In the use of these no uniform

system has yet been adopted. An alphabet of fifty-two

letters, some presenting ancient Phoenician and Cretan

forms, was found by Hahn in partial use at Elbassan and

Tirana
;

its antiquity, however, has not been established.

The Tosks generally use the Greek language for written

communications. The native folklore and poetry of the

Albanians can hardly compare with that of the neighbour-

ing nations in originality and beauty. The earliest printed

works in Albanian are those of the Catholic missionaries

;

the first book containing specimens of the language was

ANY
the Dictionarium Latino-Epiroticum of Bianchi, printed in
1635. The literature of the last two centuries consists

mainly of translations and religious works written by
ecclesiastics, some of whom were natives of the Albanian
colonies in Italy. The most noteworthy Albanian writer
was Girolamo di Pada {b. 1815), a poet, philologist, and
collector of national folklore. Among his successors may
be mentioned Vincenzo Dorsa and Demetrio Camarda.

Authoiuhes.—Hahn. Alhaneswclie Studien, Jena, 1854.—
Bopp. Ueber das Alhanes%sche. Berlin, 1854.—Fallmerayee.
Das alhanesisdie Element in Gmechenland. Munich, 1864.
CamAnnA. Saqgio di grammatologia eomparata sulla hngua
alhanese. Leghorn, 1865 — Viscountess Stbangforb. The
Eastern Shores of the Adriatic. London, 1865.

—

Tozee. Researches
%n the Highlands of Turkey, London, 1869.

—

Miklosioh. Albants
Forschv/ngen, Vienna, 1870.—C. Meter. “Die Stellung des
Alhanesischen im Kreise der indogerm. Sprachen,” inBeztrage zur
Kunde der %ndogerm. Sjp'rachenj vol. viii. Leipzig, 1883 —Heo-
QUARB. Histoire et description de la Haute Albame ou Guegarie,
Paris, undated.

—

Gopchevioh. Oberalhamen und seme Liga.
Leipzig, 1881.

—

Tajani. De Istoria Albanesi. Salerno, 1886.

—

See also Murray’s “Greece,” ed. 1900, pp. 720-731 and 760-814,
and Blue Book “Turkey,” Ho. 15, Part II. 1886.

(j. n. B.)

Alb^nyy a river of Canada, forming part of the

boundary between Ontario and Keewatin, rises in Lake
St Joseph in (head of lake) long. 91** 25' W. and lat.

50° 55' HT., and falls into James Bay, its total length

being upwards of 500 miles. There are four Hudson’s

Bay Company’s posts on its banks. The Ogoki and
Kenogami rivers are the principal tributaries.

Alba^nyy the capital of New York state, and of

Albany county, U.S.A., situated in 42° 40' N. lat. and
73° 45' W. long, on Hudson river, just below the mouth
of Mohawk river. The mean annual temperature is 49°,

and the annual rainfall is 40 inches. The death-rate, 20*90

per thousand in 1900, is more than that of the country

at large and the average of large cities. The plan of

the city presents considerable regularity, although its

site, rising sharply from the river in bluffs, is by no
means, level. The city is divided into nineteen wards,

and is supplied with water by pumping from Hudson
river and smaller streams, the water-works being owned
by the city. The streets are broad, about half of them
paved, mainly with granite blocks and cobble stones, and
the drainage is fairly good. The fire and police equip-

ment are good. The finest of the many public builffings

is the magnificent new state Capitol, situated at the

summit of State Street Hill. It is built of granite, enclos-

ing a court, and is 300 by 400 feet on its ground plan.

It is not yet entirely completed, but its estimated cost is

$25,000,000 dollars. The city contains many educa-

tional and scientific institutions. It is entered by four

railways—the Boston and Albany, the New York Central

and Hudson Eiver, the Delaware and Hudson, and the

West Shore. It is also the terminus of the Erie and
Champlain canals, and is near the head of navigation on
the Hudson river. These various avenues of communica-
tion give it a large commerce by rail, canal, and river.

Numerous steamboat lines connect it with New York and
other river points. It is a manufacturing city of import-

ance, having in 1890 $17,270,000 invested capital,

employing 15,041 persoixs, and its products were valued

at $25,531,000. The assessed valuation of property, real

and personal, in 1898 was $66,686,000, and the debt of

the municip^ity $3,294,000. The tax-rate, city, county,

and state, was $20.60 per thousand dollars. The popula-

tion in 1880 was 90,758 ;
in 1890 it was 94,923, and in

1900 it was 94,151.

AlbSiny, a city of Georgia, U.S.A., the capital of

Dougherty county, situated in the south-western part

of the state, on Elint river, at an altitude of 232 feet.

It is in the midst of an agricultural region producing

cotton and corn, for which this city serves as a supply

point. It is a railway centre of importance, being entered

by the Plant System, the Georgia and Alabama, the

Central of Georgia, and the Albany and Northern railways.

The population in 1880 was 3216, in 1890 it was 4008,

and in 1900 it was 4606.

Aiba.riy, a municipality in West Australia, on

King George Sound, 352 miles by rail, and 254 miles

by road S.S.E. of Perth, in the county of Plan-

tagenet. It is a port of caU for the Peninsular and

Oriental Company’s and the Orient Company’s steamers

carrying the Australian mails, and also for those of the

Messageries Maritimes and N. G. Lloyd steamers. This

town is the health resort of the state. Its harbour is one

of the finest on the Australian coast, and is well protected

from winds. Defence jsvorks have been carried out at

King George Sound and Princess Boyal Harbour. The

climate is very fine, and a scheme for a pure water supply

is being devised. The Marine Drive, 5J miles in circuit,

was completed in 1898. Mean temperature (six years)

for the year 58*6° F.
;
for February, 66*1° F.

;
for July,

52*6° F. ; rainfall, 35*55 inches. The population in 1881

was 1024 j in 1891, 2665 ; in 1900 about 3250.

Albany, Leopold Georg^e Duncan
Albert, Duke oe, eighth child and youngest son of

Queen Victoria, was born 7th April 1853. The delicacy

of his health seemed to mark him out for a life of retire-
^

ment, and as he grew older he evinced much of the love of

knowledge, the capacity for study, and the interest in

philanthropic and ecclesiastical movements which had

characterized his father, the Prince Consort. He
matriculated at Christ Church, Oxford, in November 1872,

living with his tutor at Wykeham House, St. Giles’s, and

diligently pursued his favourite studies of science, art, and

the modern languages. In 1876, he left the University

with the honorary degree of D.C.L., and resided at Boyton
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House, Wiltshire, and afterwards at Claremont. On
coming of age in 1874, he had been made a Privy

Councillor, and granted an annuity of £15,000. He
travelled on the Continent, and in 1880 visited the United

States and Canada. He was a trustee of the British

Museum, a bencher of Lincoln’s Inn, and continued to

take an active part in the promotion of education and

knowledge generally. Like his father and other members

of his family, he was an excellent public speaker. On
24th May 1881 he was created Duke of Albany, Earl of

Clarence, and Baron Arklow. On 27th April 1882, he

married Helene Frederica Augusta, princess of Waldeck-

Pyrmont, and his income was raised by Parliament to

£25,000. Having gone to the south of France for his

health in the spring of 1884, he was attacked by a fit,

the cause or the consequence of a fall in a club-house

at Cannes, on 27th March, and died very unexpectedly

on the following morning. His death was universally

regretted, from the gentleness and graciousness of his

character, and the desire and ability he had shown to

promote intellectual interests of every kind. He left a

daughter, born in February 1883, and a posthumous son,

born 19tli July 1884, who succeeded to the dukedom of

Albany, and who on 30th July 1900 became duke of Saxe-

Coburg on the death of his uncle. (e. g.)

Albciyi a town of 34,000 inhabitants, on the eastern

coast of Luzon, Philippine Islands, and capital of the

province of Albay. Well built, with good government and

public buildings, it was badly injured by fire in 1900. It

is at the centre of one of the most important hemp-pro-

ducing districts, and ship» large quantities of this product to

Manila. Other exports are rice, Indian corn, sugar, copra,

and cloth made from hemp or from sinamay. It is near the

foot of Mayon volcano, and in the year 1714 was completely

destroyed during a violent eruption. The language is BicoL

Albemarlei Georg^e Thomas Keppei,
SIXTH Eael of (1799-1891), British general, second son

of the fourth earl, was born on 13th June 1799. Educated

at Westminster School, he entered the army as ensign, 14th

Foot, in 1815. He joined his regiment in Belgium, and took

part in the Waterloo campaign and the march to Paris, joined

the second battalion in Corfu andwas transferred to the 22nd
Foot, with which he served in Mauritius and at the Cape,

returning home in 1819, when he was appointed equerry

to the duke of Sussex. Promoted to a lieutenancy in the

24th Foot, he was transferred to the 20th Foot, and went

to India, where he was aide-de-camp to the marquis of

Hastings until his resignation in 1823, when Keppel

returned to England, travelling overland through Persia,

Moscow, and St Petersburg. He published in 1825 an
account of his travels, entitled Journey from India to

England. He was aide-de-camp to the Marquess Wellesley,

lord-lieutenant of Ireland, for two years, was promoted

captain in the 62nd Foot, studied in the senior department

of the Eoyal Military College at Sandhurst, and in 1827

obtained a half-pay unattached majority. He did not

again serve on full pay, but rose to be a general. In
1829 he visited the seat of the Eusso-Turkish war and
was with the British fleet in Turkish waters. In 1832 he

was returned in the Whig interest to the first reformed

parliament as member for East Norfolk, and sat until

1835. He was private secretary to the premier, Lord
John Eussell, in 1846, and M.P. for Lymington from 1847
to 1849. He succeeded to the title on the death of his

brother in 1851. He died in 1891, and was buried at

Quiddenham, Norfolk. He wrote an account of a Journey
across the Balhoms^ Memoirs of the Marquis of Rocking-

hxim^ and an autobiography entitled Fifty Years of My
Life. (e. h. y.)

ALBERT 251

Albert, formerly Ajn’CRB, a town of France, arron-

dissement of Peronne, department of Somme, 16 miles

N.E. by E. of Amiens, on railway from Paris to Amiens,
The town stands on a branch of the Ancre, which here

forms a pretty cascade. There are large and important

engineering establishments of every kind. Population

(1881), 5374; (1891), 5941
; (1896), 6433, (comm.) 6651.

Albert, Frederick Augustus, King of
Saxony (1828 ), was born 23rd April 1828, being the

eldest son of Prince Johann, who succeeded to the throne in

1854. His education was, as is usual with German princes,

to a great extent military, but he attended lectures at the

university of Bonn. His first experience of warfare was
in 1849, when he served as a captain in the campaign of

Schleswig-Holstein against the Danes. "When the war of

1866 broke out, Saxony, which had for many years under
the ministry of Beust adopted an anti-Prussian policy,

was the most active ally of Austria. The crown x^rince

was given the command over the army
;
no attempt was

made to defend Saxony, but the Saxons fell back into

Bohemia and effected a junction with the 1st Austrian

army corps under Clam-Gallas. They took a prominent

part in the battles by which the Prussians forced the line

of the Iser and in the disastrous battle of Gitschin. The
crown prince, however, succeeded in effecting the retreat

in good order, and in the decisive battle of Koniggratz he
held the extreme left of the Austrian position. The
Saxons maintained their post with great tenacity, but were
driven back after many hours’fighting. During these opera-

tions the crovm prince won the reputation of a thorough

soldier
;
after peace was made and Saxony had entered the

North German Confederation, he was placed in command
of the Saxon army, which had now become the 12th army
corps of the North German army, and in this x^osition

carried out the necessary reorganization. He was a firm

adherent of the Prussian alliance. On the outbreak of war

in 1870 he again commanded the Saxons, who were in-

cluded in the 2nd army under Prince Fiederick Charles, his

old opponent. At the battle of Gravelotte they formed the

extreme left of the German army, and with the Prussian

guard carried out the attack on St Privat, the final and

decisive action in the battle. In the reorganization of

the army which accompanied the march towards Paris

the crown prince was given a separate command over the

4th or army of the Meuse, consisting of the Saxons,

the guards, and the 4th army corps; he was succeeded

in his former post by his brother Prince George, who had

served under him in Bohemia. He took a leading part

in the operations which preceded the battle of Sedan, the

4th army being the pivot on which the whole army
wheeled round in pursuit of MacMahon

;
and the actions of

Busancy and Beaumont on 29th and 30th August were

fought under his directions
;
in the battle of Sedan itself,

with the troops under his orders, he carried out the cir-

cumvention of the French on the east and north. His

conduct in these engagements won for him the complete

confidence of the army, and during the siege of Paris his

troops formed the north-east section of the investing force.

After the conclusion of the armistice he was left in com-

mand of the German army of occupation, a position which

he held till the fall of the Commune. On the conclusion

of peace he was made an inspector-general of the army and
field-marshal. On the death of his father on 29th October

1873 he succeeded to the throne. His reign has been un-

eventful, and he has taken little public part in political

affairs, but his advice and experience have been constantly

used in military matters. In 1897 he was appointed arbi-

trator between the claimants for the principality of Lippe.

King Albert married in 1853 Carola, daughter of Prince
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Gustavus of Yasa, and grand-danghter of tiie last king of

Sweden of the house of Holstein. (j. w. hb.)

Albert Nyan2:a Albert Edward
Nyanza^ the two western reservoirs of the White Nile,

lying north and south in the great Central African rift-

valley, near its north end. When the northern lake,

Albert Nyanza, was first reached by Sir Samuel Baker, it

was thought to extend southwards far beyond the equator

—farther, in fact, than the southern end of Albert

Edward Lake, which does not reach to 1° S. In 1875

Stanley reached the arm of a lake, situated on the equator,

which he thought to be Albert Nyanza, but which the

voyages of Gessi and Mason on the latter lake in 1876 and

1877 proved to be distinct.

The true position and form of Albert Edward Nyanza
were made known by Stanley’s journey of 1888-89, while

its contours have since been determined with greater

exactness by Stuhlmann (1891) and Grogan and Moore

(1899). The lake, which lies at an altitude of about

3200 feet, is roughly elliptical in outline, with a length of

50 miles and maximum breadth of about 30 miles, the

area approximating to 1000 square miles. The arm above

alluded to is practically an independent lake (Euisamba)

running to the north-east and connected by a narrow

channel with the main lake. A swampy plain, traversed

by the Ruchuru and other streams, extends to the south

of the lake, and must once have been covered by its waters.

On the east a wide space intervenes between the eastern

wall of the rift-valley and the present shore of the lake,

two distinct terraces being clearly defined. The vegeta-

tion (Euphorbias, (fee.) on the lower of these is of small

size and seems to be of recent origin. Near the lake, pits

of fire and huge jets of smoke still testify to the presence

of volcanic activity. On the west the waU. of the rift-

valley runs close to the lake, but on the north a barren

level plain comes between the lake and the southern spurs

of the Ruwenzori range. On this plain, separated by a

narrow neck of land from Lake Albert Edward, is a crater-

like depression occupied by a shallow salt lake. The salt,

which has a reddish tint, is exported to great distances.

The main feeder of Lake Albert Edward, the Ruchuru,

rises on the north side of the volcanoes north of Lake Kivu
{q.v,)* On reaching the level plain 15 miles from the

lake its waters become brackish, and the vegetation on

its banks is scanty. The reedy marshes near its mouth
form a retreat for a primitive race of fishermen. Lake
Ruisamba, the shores of which are generally high, is fed

by streams from the east of Mount Ruwenzori. At the

north-west corner of the larger lake issues the Isango or

Semlild, at first a small stream, but gradually increased

to a large river by streams from the Ruwenzori range

on the eastern side of the rift-valley. Before entering

Albert Nyanza, in V 5' N., it traverses a plain once

covered by the latter lake, forming marshes inhabited by
another tribe of fishermen, the Wanyabuga. The shores of

Lake Albert Edward are partitioned between British East

Africa and the Congo Free State, the dividing line being

here the 30th meridian of east longitude. Just east of

that line the British post of Fort George was established

on the north shore by Lugard in 1891.

Lake Albert lies at an altitude of about 2100 feet. Its

extreme length is about 100 miles, and its general breadth

somewhat over 20, the area being approximately 2000
square miles. It is shut in both on the east and west by
plateau escarpments, which for the most part approach
the shores closely. Near the south end a plain, saline in

places, with a width of some 7 miles, intervenes on the

west between the plateau and the lake. At this part

there are signs that the lake is shrinking, Nyamsasi,
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which was an island at the time of Stanley’s visit in 1889
having since become a peninsula. Farther north, from
Kahoma to Mahagi, the hills descend abruptly to the
water, rocky headlands alternating with semicircular

beaches. Near the coast the water is in places very
shallow, owing to the sediment brought down by mountain
torrents, and reeds have been seen growing 2 miles from
the shore. The gorges cut in the plateau escarpment
produce magnificent timber. This plateau—a sparsely-

inhabited rolling upland 2000 to 3000 feet above the
lake (the Blue Mountains of Baker)—falls again steeply

on the west to the Congo Basin, its maximum width being
about 20 miles. The greater part of the shores of Lake
Albert fall to British East Africa (Uganda Protectorate),

hut the stations established at Kibero on the east and Mswa
on the west have been abandoned, owing to their unhealthi-

ness. The extreme north-west portion has been leased to

the Congo Free State during King Leopold’s lifetime, and
of this a strip 15 miles wide, reaching the lake at Mahagi,
will eventually revert to the state. (e. he

)

Alberta.. See North-West Territories.

Albertina. See Oraetge River Colony.

AIbi, chief town of department Tarn, France, 423
miles S. of Paris, on railway from Carmaux to Castel-

naudary. The Park of Rochegude, gift of the admiral of

that name, contains a fountain adorned with 13th-century

carvings. On the Vigan, a fine promenade, is a statue of

the navigator La Perouse, who was born here. Manufac-
tures of umbrellas and hats, the latter forming a con-

siderable branch of industry, have become important.

Population (1881), 14,729; (1891), 14,219; (1896), 14,983,

(comm.) 18,750.

Albina.| formerly a city of Multnomah county,

Oregon, U.S.A., annexed to Portland in 1891. It is on

the east bank of the Willamette river, not far from

its mouth, in the north-western part of the state. The
population in 1880 was 123; in 1890 it was 5129; in

1900 (see Portland).

AlboXi a town of Spain, in the province of Almeria,

42 miles N.N.E of Almeria, It owes its prosperity to

woollen, spart, and flour industries, and to the wine, olive

oil, and spart produced in the surrounding fertile country,

where also live stock is abundant, especially sheep, goats,

and mules. Population (1897), 10,313. Albox was
originally an Arab town, Box. An earthquake almost

entirely destroyed it in 1563, and it had to be rebuilt in

great part.

Albrecht, Frederick Rudolph, Archditke
OFAttstria (1817-1895), eldest son of theArchduke Charles

who defeated Napoleon at Aspern, was born on 3rd August

1817 at Vienna. He began his military career at the age

of twenty, and after holding several minor posts, was in

1844 appointed commander of the forces in Upper and

Lower Austria. It was his duty therefore to maintain

order during the disturbances of 1848, and at the out-

break of revolution in Vienna during the month of March
he was in command of the troops who came into collision

with the rioters. Owing to the collapse of the Govern-

ment it was impossible to repress the disturbances, and he

was relieved from a post which brought much unpopularity

and was not suitable to be held by a member of the

imperial family. Like so many others of the Austrian

military he spent the summer of 1848 in the army of

Italy, under Radetzky, and though he was given no com-

mand he fought with distinction as a volunteer in the

battles of Santa Lucia and Pastrengo. In the campaign

of 1849 he was placed in command of the second division,

which was in the vanguard of the army, and he gained
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great credit for the resolution with which, at the battle of

Novara, he held his ground against the superior forces

of the enemy. From 1851 to 1860 he commanded the

forces in Hungary, a post of great political difficulty.

In 1859 and 1864 he was sent on important military

and diplomatic missions to Berlin. When war became

imminent in 1866 the archduke, who had now been made

field-marshal, was placed in command of the Austrian

army in Italy. With an army of about 130,000 he had

to keep in check the Italian forces of nearly double the

number. In the short campaign which followed he dis-

played the highest military qualities; leaving only a

small force to watch the army which was advancing from

the Po, with 75,000 men he attacked 130,000 Italians,

who under the command of the king had crossed the

Mincio, and at the battle of Custozza (23rd June) defeated

them with the loss of 8000 men and fourteen cannon. The

result of this battle was that both the Italian armies had

to retreat, and the archduke was able to send 50,000 men
to reinforce the northern army, when, after being defeated

by the Prussians, it fell back on Vienna. The Italians,

moreover, had to give up the hope of obtaining from

Austria any territory except Venetia. On 10th July the

archduke was summoned to Vienna to take command of

the combined forces which were being collected to defend

the capital, but peace was made before further hostilities
|

took place. From this time he was chiefly occupied with

the reform and reorganization of the Austrian army
;
he

was made inspector-general of the forces in 1868. In

1870 he conducted the military negotiations preparatory

to an alliance vflth France, which, however, was not con-

cluded. He married, in 1844, Hildegarde, daughter of

Ludwig, first king of Bavaria, who died in 1864. He died

himself 18th February 1895, leaving two daughters. His

only son died in childhood, and his nephew. Archduke

Frederick (born 1856), inherited his great possessions.

(j. w. He)

Albuquerquei a city of New Mexico, U.S.A.,

the capital of Bernalillo county, situated in the central

part of the territory, on the east bank of the Bio Grande,

in 35" 05' N. lat. and 106" 38' W. long., at an altitude

of 4950 feet. The streets extend in a regular plan over

a plain sloping gently to the river. It is the connecting

point of two main lines of the Atchison, Topeka, and

Santa Fe railway system. The old Mexican town of

Albuquerque, which antedates American jurisdiction over

the region, lies about two miles north-west of the modern
town, with which it is connected by a street railway.

The population of the new town in 1890 was 3785, and
in 1900 it was 6238 ;

of the old Mexican town, 1733 in

1890, and 1191 in 1900.

Alburyi a town in Australia, New South Wales, in

the county of Goulburn; it stands on the border of

Victoria and on the right bank of the Murray river, here

spanned by two bridges, one carrying the roadway, the

other the double railway
;
386 miles by rail from Sydney.

The Murray is navigable for small steamers from tins

town to its mouth, a distance of 1800 miles. Altitude

572 feet. Mean rainfall (23 years) 26*39 inches. Popu-
lation (1881), 5715; (1891), 5447; (1901), 5820.

Alcala de HenareSi a city of Spain, 17 mdes
E.N.E. of Madrid. Population, 8745. After the transfer

of the university to Madrid the Government turned most
of the principal buildings erected by Cardinal Cisneros in

the 16th century into a dep6t for the archives of various

state departments. Here, too, are kept very complete

and curious documents of the Inquisition, showing all its

workings from the 15th to the 19th century.
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Alcala de Los Gazules, a towm of Spain,
province of Cadiz, 32 miles E. by S. of Cadiz. It has a

splendid climate, and the soil in the surrounding districts

is very fertile. There is a prosperous cork industry. It

was originally a Moorish town, as its name indicates.

Population (1897), 10,027.

AlcamOi a town of Sicily, Italy, in the province of

Trapani, 24 miles S.W. from Palermo. It stands 837 feet

above sea-level, and produces wine. It was originally a
Saracenic town, and was made Christian by the Emperor
Frederick II. in 1233. Population (1881), 37,697 ; (1901),
51,811.

Alcestcr, a market -town and railway station,

under a rural district council, in the south-western
parliamentary division of Warwickshire, England, on
the Alne, 15 miles W.S.W. of Warwick. A Homan
Catholic school chapel, a hospital for infections diseases,

and a reading room have been erected. The manufacture
of needles has declined

;
in the town there are implement

works, cycle works, and a brewery. Aiea, 1626 acres.

Population of rural district (1901), 11,392.

Alcester, Frederick Beauchamp
Paget Seymouri Baron (1821-1895), British

admiral, son of Colonel Sir Horace Beauchamp Seymour,
and cousin of Francis George Hugh Seymour, 5th Marquis
of Hertford, was born on 12th April 1821. Entering the

navy in 1834, he served in the Mediterranean and the

Pacific, was for three years flag-lieutenant to his uncle Sir

George Seymour, and was promoted to he commander in

1847. He served in Burma as a volunteer in 1852 ;
was

made a captain in 1854 ;
took the Meteor ironclad battery

out to the Black Sea and home again in 1856; was captain

of the Pelorus on the Australian station from 1857 to

1863, and commanded the naval brigade in New Zealand
during the Maori war, 1860-61, for which he was made a
C.B. He became a rear-admiral in 1870; in 1871-72^he

commanded the flying squadron; was a lord of the Admiralty

in 1872-74, and commanded the Channel fleet, 1874-76.

On 31st December 1876 he was made a vice-admiral; a
K.C.B. on 2nd June 1877. In 1880-83 he was commander-
in-chief of the fleet in the Mediterranean, and in 1880 had
also the chief command of the European squadron sent to

the coast of Albania as a demonstration to compel the Porte

to cede Dulcigno to Montenegro. On 24th May 1881 he
was made a G.C.B., and on 6th May 1882 was promoted
to the rank of admiral. In July 1882 he commanded at

the bombardment of Alexandria and in the subsequent

operations on the coast of Egypt, for which service he was
raised to the peerage as Baron Alcester of Alcester in the

county of Warwick, received a parliamentary grant of

.£25,000, the freedom of the city of London, and a sword
of honour. On his return from the Mediterranean he
was for a couple of years again at the Admiralty, and in

1886 he was placed on the retired list. For the next

nine years he lived chiefly in London, but latterly his

health was much broken, and he died on 30th March
1895. He was unmarried, and the peerage became
extinct. (j. k. l.)

Alcocki Sir Rutherford (1809-1897), British

consul and diplomatist, was the son of Dr Thomas Alcock,

who practised at Ealing, near London, and himself followed

the medical profession. In 1836 he became a surgeon in

the marine brigade which took part in the Carlist war,

and gaining distinction by his services was made deputy

inspector-general of hospitals. He retired from this

service in 1837, and seven years later was appointed consul

at Foochow in China, where, after a short official stay at

Amoy, he performed the functions, as he himself expressed
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itj everything from a lord chancellor to a sheriffs officer.”

Foochow was one of the forts opened to trade by the

treaty of 1842, and Mr Alcock, as he then was, had to

maintain an entirely new position with the Chinese

authorities. In so doing he was eminently successful,

and earned for himself promotion to the consulate at

Shanghai. Thither he went in 1846, and made it an

especial part of his duties to superintend the establish-

ment and laying out of the British settlement, which has

developed into such an important feature of British com-

mercial life in China. In 1858 he was appointed consul-

general in the newly-opened empire of Japan, and in the

following year was promoted to be minister plenipoten-

tiary. In those days residence in Japan was surrounded

with many dangers, and the people were intensely hostile

to foreigners. In 1860 Mr Alcock’s native interpreter was

murdered at the gate of the Legation, and in the following

year the Legation was stormed by a body of Bonins,

whose attack was repulsed by Mr Alcock and his staff.

Shortly after this event he returned to England on leave.

Already he had been made a C.B. (1860), and in 1862 he
was made a knight commander of the order. Two years

later he returned to Japan, and after a yearns further

residence he was transferred to Peking, where he repre-

sented the British Government until 1871, when he
retired. But though no longer in official life his leisure

was fully occupied. He was for some years president of

the Koyal Geographical Society, and he served on many
commissions. He was twice married, ffirst in May 1841

to Henrietta Mary, daughter of Charles Bacon, Esq., who
died in 1853, and secondly (8th July 1862) to the widow
of the Eev. John Lowder, who died on 13th March 1899.

He was the author of several works, but the one by which
he will be known is The Capital of the Tycoon, which
appeared in 1863. He died in London on 2nd November
1897. (e. k. d.)

Aicott, Amos Bronson (1799-1888), Ameri-

can educationalist and writer, was born in Wolcott,

Connecticut, 29th November 1799, His father was a

farmer and mechanic, Joseph Chatfield Alcox, whose
ancestors, then bearing the name of Alcocke, had settled

in eastern Massachusetts in early colonial days. The
external events in Amos Bronson AlcotPs long life were,

for the most part, simple and unimportant. Self-educated

in youth, and early thrown upon his own resources, he
began to earn his living by peddling books and merchan-
dise in Virginia, afterward teaching in that state and in

other southern states. Determined to devote himself to

educational work, in 1828 he opened, in Boston, a school

which became locally famous because of his original

methods; his plan being to develop self-instruction on
the basis of seh-analysis, with an ever-present desire on his

own part to stimulate the child's personality. The feature

of his school which attracted most attention, perhaps,

was his scheme for the teacher receiving punishment, in
certain circumstances, at the hands of an offending pupil,

whereby the sense of shame might be quickened in the

mind of the errant child. The school was not pecuniarily

successful, although Alcott had won the affection of some
of his pupils, and his educational experiments had
challenged the attention of students of pedagogy. After a
visit to England, in 1842, he founded, with two English
associates, at “Fruitlands,” in the town of Harvard,
Massachusetts, a communistic experiment at farm-living

and nature-meditation, as tending to develop the best

powers of body and soul' This speedily came to naught,
and Alcott subsequently took up his home near Emerson,
in Concord, Massachusetts, and spoke, as opportunity
offered, before the ^‘lyceums” then common in various

0 T T
parts of the United States, or addressed groups of hearers
as they invited him. These “ conversations,” as he called
them, were more or less informal talks on a great range
of topics, spiritual, aesthetic, and practical, in which
he emphasized the ideas of the school of American
Transcendentalists led by Emerson, who was always his

supporter and discreet admirer. He dwelt upon the
illumination ^of the mind and soul by direct communion
with tlfe Creative Spirit; upon the spiritual and poetic
monitions of external nature; and upon the benefit to
man of a serene mood and a simple way of life. As
regards the trend and results of Alcott's philosophic

teaching, it must be said that, like Emerson, he was some-
times inconsistent, hazy, or abrupt. But though he
formulated no system of philosophy, and seemed to show
the influence now of Plato, now of Kant, or of German
thought as filtered through the brain of Coleridge, he was,
like his American master, associate, and friend, steadily

optimistic, idealistic, individualistic. The teachings of

William Ellery Channing, a little before, as to the sacred

inviolability of the human conscience— anticipating the

later conclusions of Martineau—really lay at the basis of

the work of most of the Concord Transcendentalists and
contributors to The Dial, of whom Alcott was one. In
Ms last years, living in a serene and beautiful old age in

his Concord home, where every comfort was provided by
his daughter Louisa (g^.u), Alcott was gratified at being

able to become the nominal, and at times the actual, head
of a Concord summer school of philosophy, in which—^in

a rudely-fashioned building next his house—^thoughtful

listeners were addressed, during a part of several succes-

sive summer seasons, on many themes in philosophy,

religion, and letters. Of Alcott's published works the

most important is Tablets (1868) ;
next in order of merit

is Concord Days (1872). His Sonnets cmd Canzonets,

1882, are chiefly interesting as an old man's experiments

in verse. He left a great and symmetrical collection of

personal jottings and memorabilia, most of which remain

unpublished. He died in Boston, 4th March 1888.

(c. P. E.)

Alcottf Louisa. May (1832-1888), during the

last quarter of the 19th century the favourite American
author of juvenile stories (especially for girls), was the

daughter of Amos Bronson Alcott, and though of New
England parentage and residence, was born in German-
town, Pennsylvania, 29th November 1832. She began
work at an early age as teacher and writer, and was an
amateur nurse in army hospitals during the civil war of

1861-65. Her newspaper letters, collected as Hospital

Sketches (1863), displayed some power of observation and
record ; while Moods, a novel (1864), despite its uncer-

tainty of method and of touch, indicated the possibility

that Miss Alcott might develop into a strong novelist of

character, with a sympathetic insight into the deeper

springs of vital action. She soon turned, however,

to the rapid production of stories for girls, and, with

the exception of the cheery tale entitled Work (1873),

and the anonymous novelette A Modem Mephistopheles

(1877), wMch attracted little notice, she did not return

to the more ambitious fields of the novelist. Her success

dated from the appearance of the first series of Little

Women: cyr, Meg, Jo, Beth, and Amy (1868), in wMch,
with unfailing humour, freshness, and lifelikeness, she

put into story form many of the sayings and doings of

herself and her sisters. Little Men (1871) similarly

1
treated the character and ways of her nephews, in that

house in Concord, Massachusetts, in which Miss Alcott's

industry had now established her parents and other mem^
bers of the Alcott family

; but most of her later volumes,
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An Old Fashioned Girl, Aunt Jds Scrap Bag (6 volTimes),

Rose in Bloom, he., followed in the line of Little

Women, of which the author's large and loyal public

never wearied. Her natural love of labour, her wide-

reaching generosity, her quick perception, and her fond-

ness for sharing with her many readers that cheery humour

which radiated from her personality and her books, led

her to produce stories of a diminishing value, and at

length she succumbed to overwork, dying in Boston 6th

March 1888, two days after the death of her father in the

same city. Miss Alcott's early education had partly been

given by the naturalist Thoreau, but had chiefly been in

the hands of her father; and in her girlhood and early

womanhood she had fully shared the trials and poverty

incident to the life of a peripatetic idealist. In a news-

paper sketch entitled “ Transcendental Wild Oats,” after-

wards reprinted in the volume Silver Bitchers, she narrated,

with* a delicate humour, which shows what her literary

powers might have been if freed from drudgery, the

experiences of her family during an experiment towards

communistic “plain living and high thinking” in the
'

town of Harvard, Massachusetts, in 1843. The story of

her career has been fully and frankly told in Mrs Ednah
I). Cheney's Louisa May Alcott : her Life, Letters, and
Journals (1889), one of the most noteworthy of American

biographies, considered as an unconsciously pathetic record

of a cheery woman’s life-sacrifice for the support and

comfort of her relatives. (c. f. e.)

Alcoy^ a town of the province of Alicante, Spain.

It has much grown in importance owing to its manu-

factures, in which that of linen must be included. Hew
private and public schools, a chamber of commerce, town

hall, barracks, hospital, institute, and casinos have been

built and the churches repaired. It has been frequently

the scene of strikes and popular disturbances. Popu-

lation (1897), 30,118.

Alcyonaria. See Anthozoa.

Aidaril a river of Asiatic Eussia, East Siberia, a right

bank tributary of the Lena, rises in the southern parts

of the high plateau of East Siberia, flows mostly over

desert highlands for 1160 miles H.E., H., and N.W., and
joins the Lena 120 miles below Yakutsk. There are a

few settlements in its lower course. The Aldan Range is

the name given to the part of the Stanovoi border range

which faces the Sea of Okhotsk.

Aldeburg'hi or Aldborough, a municipal borough

(1885), market-town, and railway -station in the Wood-
bridge parliamentary division of Suffolk, England, on the

coast, 24 miles E.N.E. of Ipswich. A small 16th-century

moot-hall, restored in 1855, is used for corporation meet-

ings. The church of St Peter and St Paul was restored in

1882 and 1891. A jubilee hall has been erected. There
is an excellent golf course. Area, 1972 acres. Popular

tion(1881), 2106; (1891), 2159; (1901), 2405.

Aidershoti a town and parish of England, 35 miles

S.W. of London by rail, in the Basingstoke parliamentary
division of Hampshire, situated one mile from the

Basingstoke Canal. A mere village tOl 1855, when
Aldershot Camp was established, the town was *in 1857
erected into a local government district, and in 1894 was
created an urban district. The ancient parish church was
restored in 1891, There are a theatre and a cottage

hospital (1897). Area of urban district, 4178 acres.

Popuktion(1881), 20,155; (1891), 25,595; (1901), 30,974.
Military Depot.—“ Camp ” is no longer a suitable name

for the military buildings at Aldershot. The wooden
huts erected in 1855, which formed the North and South
Camps, were not calculated to last many years, and it

became necessary to replace them with permanent build-

ings. A commencement was made in 1881, and under
the Barracks Act, 1890, and the Military Works Acts of

1897 and 1899, large sums were provided for completing

the work. Although a few wooden bmldings remain for a
time, the expenditure of nearly £1,800,000 thus piovided
has made Aldeishot, at the commencement of the 20th
century, by far the largest assemblage of permanent bar-

racks, as well as the greatest training station for troops,

in the British Empire.

Tke Old North Camp is now named Marlborough Lines, vith a

thiee-batteiy field artilleiy bariack and five infantiy battalion
barracks called after Marlborough’s victories—Blenheim, Mal-
pUquet, Oudenarde, Ramillies, and Tournay. South Camp is

now named Stanhope Lines, after Mi. Stanhope, secretaiy of
state for war when the Barracks Act, 1890, vas passed and the
reconstiuction commenced in earnest. They contain banacks for

the Eoyal Engineers and Army Service Coips north of the General
Parade, which stretches east and west, and four infantiy battalion
barracks south of it, with a fifth at the east, called Albuera,
Barossa, Corunna, Maida (Sicily), and Mandoia (Egypt), after

battles of the wars with France, 1793-1815, in which Wellington
did not command. There are also barracks for the Royal Army
Medical Corps. The old peimanent baiiacks have been lenarned
Wellington Lines, with bairacks for three cavalry regiments,

west, east, and south ; for three batteiies of horse and three

batteries of field artillery
;
and for three infantry battalions called

Badajos, Salamanca, and Talavera, after Wellington’s victories in

the Peninsula. For the sick there are the Connaught Hospital
in Marlborough Lines, the Cambridge Hospital in Stanhope
Lines, and the Union Hospital in Wellington Lines, besides the
Louise Margaret Hospital for ^\omen and children alongside Cam-
bridge Hospital, and the infection hospital on the isolated Thorn-
hill, half for men and half for women and children. The build-

ings in Wellington Lines, for the most part completed about

1857, are in some respects not up to the modern standard, but
those in Stanhope and Marlborough Lines may be regarded as

typical examples of modern barracks and hospitals.

The drainage of the station is all modern and of the best

description, and the sewage is disposed of on a sewage farm
worked by an expert, under the direction of the War Department,
with the primary object of meeting all sanitary requirements, not

ofmaking a profit. The water-supply is partly iiom the Aldershot
Water Company, and partly from springs and reservoirs collecting

water from a reserved area of War Department property. The
lighting of Wellington Lines is by gas, and Stanhope and Marl-
borough Lines are lighted by electricity.

Most of the barracks are large enough to accommodate not

only the units they are constructed for, but also detachments of

soldiers from other stations who are going through courses of

instruction. Including these detachments and the large number
of soldiers’ wives and children for whom quarters are provided,

the population of the station may at times reach a total of 24,000,

with 4000 or more horses.

Besides the regimental buildings there are a large number of

buildings for garrison purposes, in addition to the hospitals

already mentioned
;
such as quarters and offices for general, staff,

and departmental officers, with the warrant and non-commissioned
officers employed under them

;
the supply depot with abattoir and

bakery, whence the garrison is supplied with rations both of food

and forage ; the ordnance stores, where are kept all kinds of

military stores and mobilization equipment, barrack stores for

furniture and bedding, engineer shops and stores for services

performed by the Royal Engineers, the balloon establishment

for the manufacture of military balloons, the vaccine establish-

ment for the production of calf-lymph for the army, the military

prison, fire brigade stations, five churches, recreation grounds for

officers and men, schools for the literary instruction of adults and
chil^en, and especially those military technical schools which
form one of the chief features of Aldershot as a training station.

These technical schools are as follows ; army cookery school, for

training cooks who shall not only cook for soldiers, but also teach

them to cook for themselves
;
army gymnastic school, for^ the

gymnastic instruction of the iioops at Aldershot, and especially

for training instructors for other stations ; Army Service Cor;gs

school, for instruction of Army Service (Dorps officers in their

duties; army signalling school, for training signallers; army
veterinary school, for training of officers and men, the latter as

farriers ; ballooning school, for instruction and training of officers

and men in the management of balloons ;
mounted infantry

school, for instruction of officers and men in the duties of mounted
infantry, the whole training of which force is carried out at

Aldershot ; training school for Royal Army Medical Corps, for

training officers and men for their duties in hospital and fi^d.

The work of these schools is, however, only a small part of the
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military training afforded at Aldersliot : there still remain those

very important branches for which Aldershot was originally

started, and for the carrying out of which a considerable extent

of land is essential, viz., musketry, company training, recon-

naissance, and field days. For these purposes a large tract of

land was puichased between 1864 and 1860, and since then

additional property has been acquired from time to time, so

that at present it extends, though with many interruptions,

over an area about 9i miles in extreme length by 7| miles in

extreme width. In addition to this there is the land at Sand-

hurst and the Staff College, about miles distant, and at

Wolmer Forest, 12 miles distant. The musketry practice of the

troops at Aldershot is carried out at the Ash ranges, 2 miles east

of the barracks, while the Pirbright ranges, alongside those of the

National Rifle Association at Bisley, are utilized by the house-

hold cavalry and guards, who are encamped there in succession.

Suitable land, within an easy march of the barracks, is utilized

for company, battalion, and brigade training of infantry, while

the mounted branches work over a wider area, and the engineers

carry out their practices where most convenient. For field days

of the three arms—cavalry, artilleiy, and infantry—the whole of

the War Department property is available.

Besides the troops in barracks, during the drill season there is

often a considerable force in camp, both regular troops from other

stations, and militia and volunteers. Some sixty camping grounds
have been specially prepared for them, so that, including the

regular garrison, sometimes as many as 40,000 troops have been
concentrated at the station for traimng and manoeuvres.

(h, Lo
)

Aldrich, Thomas Bailey (1836 ),

American author, was born in Portsmouth, New Hamp-
shire, on the 11th November 1836; his birthplace being

the “ Rivermouth ” of several of Ms longer and shorter

stories, wMle the Piscataqua river, the Isles of Shoals,

and other scenes familiar to Ms boyhood, are frequently

commemorated in Ms prose and verse. His early life

—

partly described in Ms Story of a Bad Boy (1869), in

wMch “ Tom Bailey ” is the juvenile hero—^was spent in

business offices in New Orleans and New York, until Ms
literary tastes led Mm to become a contributor to various

newspapers in the latter city. Between 1856 and 1859

he was on the staff of the New York Home Journal^ then

edited by the once popular poet N. P. Willis
;
while during

a part of the civil war he was editor-in-chief of the N&w
York Illustrated Hews^ the most graphic of the pictorial

recorders of that conflict. These journalistic experiences

brought him into close relations with Stedman, Stoddard,

Taylor, WMtman, the sculptor Launt Thompson, and
many others of the younger writers and artists of the

‘^sixties,” some of whom essayed to set up a mild Bohemia
in the American metropolis. In later years he edited the

eclectic (and, for a time, illustrated) weekly Every Saturday,

Boston, between 1870 and 1874, and The Atlantic Monthly
for nine years, beginning with 1881, Aldrich’s successive

books of verse, cMefly The Ballad of Bahie Bell (1856),
Fampinea, and Other Foeim (1861), Flcmer and Thorn
(1876), Friar Jeromds Beautiful Booh (1881), Thirty-six

Lyrics and Twelve Sonnets (1881), Mercedes and Later
Lyrics (1883), Wyndham Towers (1889), and the collected

editions of 1865 and 1882, showed Mm to be a poet of

lyrical skill, dainty touch, and felicitous conceit, the

influence of Herrick being constantly apparent. He has
repeatedly essayed the long narrative or dramatic poem,
but seldom with success, save in such earlier work as

Garnaut Hall in the 1865 collection. But no American
poet has shown more skill in describing some single

picture, mood, conceit, or episode. The best tMngs he
has written are such lyrics as Hesperides,” “ When the

Sultan goes to Ispahan,” “ Before the Bain,” “ Nameless
Pain,” “The Tragedy,” “Seadrift,” “Tiger-Lilies,” “The
One White Rose,” “Palabras Carinosas,” “Destiny,” or

the eight-line poem “ Identity,” which did more to spread
AldricMs reputation than any of Ms writing after the

“Bahie Bell” of 1856. Beginning with the collection of

stories entitled Marjorie Daw and Other People (1873),

—ALEPPO
Aldrich applied to Ms later prose work that minute care
in composition which had previously characterized Ms
verse—taking a neat, new, or salient situation, and setting
it before the reader in a pretty combination of kindly
realism and reticent humour. In the novels of Prudence
Palfrey (1874), The Queen of Sheba (1877), and The
Stillwater Tragedy (1880), there is more rapid action;
but the Portsmouth pictures in the first-named are elabor-

ated with the affectionate touch shown in the shorter
humorous tale, A Rivermouth Rornance, In An Old Town
by the Sea (1893), the author’s birthplace was once more
commemorated in plainer colours, while travel and descrip-

tion are the theme of the chapters entitled From Fonha-
pog to Pesth (1883), though the portrayals are stiU those
of a poet and humorist.

Aleardi, Aleardo, Count (1812-1878), Italian

poet, was born at Verona, 4th November 1812, and,thus
soon after his birth became an Austrian subject. Inspired

from Ms cradle with a hatred of the foreigner, he found
himself disqualified for the position in the public service

to wMch his rank would have entitled him, and unable

to publish his patriotic verses. Arnaldo da Rocca, a
narrative poem, nevertheless appeared in 1842, and the

revolutionary year 1848 made an opening for Ms Letters a
Maria. He took an active part in the popular uprising,

and was for some time imprisoned. In 1856 he produced
the finest of his pieces, an ode to the maritime cities of

Italy, and in 1858 a poem on Ms own misfortunes. After

the expulsion of the Austrians from Lombardy he returned

to Verona, published his poems in a collected edition,

became professor at the Academy of Fine Art, member of

the Italian Parliament, and eventually senator. He died

on 17th July 1878. Aleardi’s warmth of patriotic feeling

hardly finds adequate expression in his poetry
;

it is Ms
merit to excel in description, but his fault to substitute

description for action.

Alefl. See New Caledonia.

AlemtejOy a southern province of Portugal, meas-

uring 155 miles long from N. to S., and 60 miles in mean
breadth, with an area of 9425 square miles, and population

393,054 ;
density, 41*7 inhabitants to the square mile. The

horses in this province embrace the Alter breed, the finest in

the kingdom. Marble is found, and there are copper and

iron mines. Mineral waters exist at Aljustrel, Cahego de

Vide, Mertola, Ouguella, Portalegre, Souzel, and Vimieiro*

Cloth is manufactured at Portalegre and pottery at

Estremoz. The only port is Villa Nova de MiHontes.

There are meteorological stations at Evora, Beja, and

Campo Maior.

AleppOi (1) a vilayet of Asiatic Turkey, in Northern

Syria. The mountain districts, wMch occupy nearly half

the area, are rich in mineral wealth, and the large inland

plains are fertile but uncultivated. Mineral springs are

numerous. Nearly all the external trade passes through

Alexandretta
;
the average annual value of the exports for

1896-98 was ^1,075,453, and of iinports£2,014,012. Popu*

lation, 995,800 (Moslems and Ansarieh, 792,400; Chris-

tians, 183,400 ;
Jews, 20,000). (2) The cMef town of the

vilayet, situated near the edge of the Syrian desert, in a

fertile valley, almost enclosed by limestone Mils, through

which runs the Koweik (Chalus). Its former importance

and rapid recovery from repeated disaster were due to its

position on the caravan route to Baghdad, Persia, and

India. Its large trade led to the establishment of a

British consulate and factory in the reign of Ehzaheth.

The opening of the sea route to India affected its prosperity,

but it is stiU the emporium of Northern Syria, and con-

nected with its port Alexandretta by a carriage road (96



A L E S S AN D R I A— A L E X AN D E R 11. 257

miles). Aleppo was a place of importance 2000 years b.c.,

and is mentioned in Egyptian and Assyi-ian inscriptions.

It was enlarged and called Beroea by Seleucus Nicator, but

tbe old name afterwards reasserted itself under the form

Haleb, It was rebuilt after an earthquake in the 12th

century by the famous Ndr ed-Dln, and was closely con-

nected with the history of Saladin and his successors. The
town has always retained its Arab character, and the

Christians and Jews have their own quarters. Population,

129,000 (Moslems, 98,000; Christians, 23,000; Jews,

8,000). It is the seat of a British consulate.

AleSSa.nciria.j chief town of the Italian province

of the same name, situated almost entirely upon the

right bank of the river Tanaro, slightly to the west of its

confluence with the Bormida. It is distant 57 miles from

Turin by rail. The population numbers 70,000, half

living in the city proper and half in the suburbs. Ales-

sandria is therefore divided into two municipal districts,

the one within, the other outside the walls. It is the

headquarters of the second army corps. From a military

point of view its importance is great, its citadel being

considered one of the principal bulwarks of Italy and

the strategic key of Piedmont. The interior of the

cathedral was recently restored in Bramantesque style, ac-

cording to designs by Count Mella. Among public buildings

are the provincial and municipal palaces, the civil hospital,

lately remodelled in accordance with modern hygienic

exigencies, the synagogue, the lunatic asylum, the episcopal

seminary, the library, and the municipal theatre. The
cattle market with its vast roofing and pens is the most
important in Italy. Education is provided for by a royal

lyceum-gymnasium, by a technical school and an institute,

and by a normal female school. In regard to charitable

institutions Alessandria is provided with a foundling

hospital, a refuge for mendicants, and several asylums and
hospitals. More than 50 mutual benefit associations pro-

vide for the insurance of the working classes, while an im-

portant savings bank testifies to the thrift of the population.

The principal monuments are statues to the liberal states-

man Urbano Kattazzi, to Andrea Vochieri, and to the

Alessandrians who fell during the Eisorgimento. The
chief manufactures are furniture-making, hat-making, and
iron-smelting. Trade is favoured by the circumstance that

the town stands at the converging point of several valleys,

rich both in industrial and agricidtural products, (a. fe.)

Aleutian Islands. See Alaska.

Alexander II. (1818-1881), emperor of Eussia,

eldest son of Nicholas L, was born on 29th April 1818.
His earlylife gave little indication of his subsequent activity,

and up to the moment of his accession in 1855 no one ever

imagined that he would be known to posterity as a great

reformer. In so far as he had any decided political con-

victions, he seemed to be animated with that reactionary

spirit which was predominant in Europe at the time of his

birth, and continued in Eussia to the end of his father’s

reign. In the period of thirty jjears during which he was
heir-apparent, the moral atmosphere of St Petersburg was
very unfavourable to the development of any originality of

thought or character. It was a time of government on
martinet principles, under which all -freedom of thought
and all private initiative were as far as possible suppressed
vigorously by the administration. Political topics were
studiously avoided in general conversation, and books or
newspapers in which the most keen-scented press-censor
could detect the least odour of political or religious free-

thinking were strictly prohibited. Criticism of existing
authorities was regarded as a serious offence. The common
policeman, the insignificant scribe in a public office, and
even the actors in the imperial ” theatres, were protected

against public censure as efiectually as the Government
itself

;
for the wdiole administration was considered as one

and indivisible, and an attack on the humblest representa-
tive of the imperial authority was looked on as an indirect
attack on the fountain from which that authority flowed.
Such was the moral atmosphere in which young Alexander
Nicolae\dtch grewui) manhood. He received the educa-
tion commonly given to young Eussians of good family at
that time—a smattering of a great many subjects, and a
good practical acquaintance with the chief modern European
languages. Like so many of his countrymen he displayed
great linguistic ability, and his quick ear caught up even
peculiarities of dialect. His ordinary life was that of an
officer of the Guards, modified by the ceremonial duties
incumbent on him as heir to the throne. Nominally he
held the post of director of the military schools, but he
took little personal interest in military affairs. To the
disappointment of his father, in whom the military instinct
was ever predominant, he showed no love of soldiering.

Alexander II.

(From a photograph hy IV. <& D. Downey, Londoyi,)

and gave evidence of a kindliness of disposition and a
tender-heartedness which were considered out of place

in one destined to become a military autocrat. These

tendencies had been fostered by his tutor Zhukovski, the

amiable, humanitarian poet, who had made the Eussian

public acquainted with the literature of the German
romantic school, and they remained with him all through

life, though they did not prevent him from being severe

in his official position when he believed severity to be

necessary. In 1841 he married the daughter of the Grand
Duke Ludwig II. of Hesse, Maximilienne Wilhelmine

Marie, thenceforward known as Maria Alexandrovna, who
bore him six sons and two daughters. He did not travel

much abroad, for his father, in his desire to exclude from

Holy Eussia the subversive ideas current in Western

Europe, disapproved foreign tours, and could not con-

sistently encourage in his own family what he tried to

prevent among the rest of his subjects. In the years,

however, immediately preceding his accession, he was

entrusted vdth several missions to the courts of Berlin and

Vienna. On 2nd March 1855, during the Crimean war,

he succeeded to the throne on the dea& of his father.

S.L— 33
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The first year of the new reign was devoted to the

prosecution of the war, and, after the fall of Sebastopol,

to negotiations for peace. Then began a period of radical

reforms, recommended by public opinion and carried out

by the autocratic power. The rule of Nicholas, which

had sacrificed all other interests to that of making Eussia

an irresistibly strong military power, had been tried by

the Crimean war and found wanting. A new system

must, therefore, be adopted. All who had any pretensions

to enlightenment declared loudly that the country had

been exhausted and humiliated by the war, and that the

only way of restoring it to its proper position in Europe

was to develop its natural resources and to reform

thoroughly all branches of the administration. The

Government found, therefore, in the educated classes a

new-born public spirit, anxious to assist it in any work of

reform that it might think fit to undertake. Fortunately

for Eussia the autocratic power was now in the hands of

a man who was impressionable enough to be deeply influ-

enced by the spirit of the time, and who had sufficient

prudence and practical common-sense to prevent his being

carried away bythe prevailing excitement into the dangerous

region of Utopian dreaming. Unlike some of his prede-

cessors, he had no grand, original schemes of his own to

impose by force on unwilling subjects, and no pet crotchets

to lead his judgment astray
;
and he instinctively looked

with a suspicious, critical eye on the panaceas which more
imaginative and less cautious people recommended. These

traits of character, together with the peculiar circumstances

in which he was placed, determined the part which he was
to play. He moderated, guided, and in great measure

realized the reform aspirations of the educated classes.

Though he carefully guarded his autocratic rights and
privileges, and obstinately resisted all efforts to push him
farther than he felt inclined to go, he acted for several

years somewhat like a constitutional sovereign of the Con-

tinental type. At first he moved so slowly that many of

the impatient, would-be reformers began to murmur at the

unnecessary delay. In reality not much time was lost.

Soon after the conclusion of peace important changes were

made in the legislation concerning industry and commerce,

and the new freedom thus accorded produced a large

number of limited liability companies. At the same time

plans were formed for constructing a great network of

railways, partly for the purpose of developing the natural

resources of the country, and partly for the purpose of

increasing its powers of defence and attack. Then it was
found that further progress was blocked by a great obstacle,

Bmattcipa-' existence of serfage; and Alexander II.

tionottbe showed that, unlike Ms father, he meant to
serfs. grapple boldly with the difficult and dangerous

problem. Taking advantage of a petition presented by
the Polish landed proprietors of the Lithuanian provinces,

praying that their relations with the serfs might be

regulated in a more satisfactory way—^meaning in a way

'

more satisfactory for the proprietors—^he authorized the

formation of committees “ for ameliorating the condition

of the peasants,” and laid down the principles on wMch
the amelioration was to be effected. This was a decided

step, and it was followed by one still more significant.

Without consulting his ordinary advisers, his Majesty

ordered the minister of the interior to send a circular to

the provincial governors of European Eussia, containing a

copy of the instructions forwarded to the governor-general

of Lithuania, praising the supposed generous, patriotic in-

tentions of the Lithuanian landed proprietors, and suggest-

ing that perhaps the landed proprietors of other provinces

might express a similar desire. The hint was taken, of

cQurse, and in all provinces where serfage existed emanci-

pation committees were formed. The deliberations at once

raised a host of important, thorny questions. The eman-
cipation was not merely a humanitarian question capable
pf being solved instantaneously by imperial ukaz. It
contained very complicated problems affecting deeply
the economic, social, and political future of the nation.

Alexander II. had little of the special knowledge required
for dealing successfully with such problems, and he had
to restrict himself to choosing between the different

measures recommended to him. The main point at

issue was whether the serfs should become agricultural

labourers dependent economically and administratively on
the landlords, or should be transformed into a class of

independent communal proprietors. The emperor gave
his support to the latter project, and the Eussian peasantry
accordingly acquired rights and privileges such as are

enjoyed by no other peasantry in Europe. In the numerous
other questions submitted to him he began by consulting

carefully the conflicting authorities, and while leaning as

a rule rather to the side of those who were known as

“Liberals,” he never went so far as they desired, and
always sought some middle course by which conflicting

interests might be reconciled. On the 3rd of March 1861,

the sixth anniversary of his accession, the emancipation

law was signed and published. Other reforms followed

in quick succession during the next five or six years

:

army and navy organization, a new judicial administration

on the French model, a new penal code and a greatly

simplified system of civil and criminal procedure, an

elaborate scheme of local self-government for the rural

districts and the large towns, with elective assemblies

possessing a restricted right of taxation, and a new rural

and municipal police under the direction of the minister

of the interior. These new institutions were incomparably

better than the old ones which they replaced, but they

did not work such miracles as inexperienced enthusiasts

expected. Comparisons were made, not with the past, but

with an ideal state of things which never existed in Eussia

or elsewhere. Hence arose a general feeling of disappoint-

ment, which acted on different natures in different ways.

Some of the enthusiasts sank into a sceptical, reactionary

frame of mind
;
while others, with deeper convictions or

capable of more lasting excitement, attributed the failure

to the fact that only half-measures and compromises had

been adopted by the Government. Thus appeared in the

educated classes two extreme groups : on the one hand,

the discontented Conservatives, who recommended a return

to a more severe disciplinarian regime

;

and on the other,

the discontented Eadicals, who would have been satisfied

with nothing less than the adoption of a thoroughgoing

socialistic programme. Between the two extremes stood the

discontented Moderates, who indulged freely in grumbling

without knowing how the unsatisfactory state of things

was to be remedied. For some years the emperor, with

his sound common-sense and dislike of exaggeration, held

the balance fairly between the two extremes; but long

years of uninterrupted labour, anxiety, and disappoint-

ment weakened his zeal for reform, and when radicalism

assumed more and more the form of secret societies and

revolutionary agitation, he felt constrained to adopt severe

repressive measures.

The revolutionary agitation was of a very peculiar kind.

It was confined to a section of the educated classes, and

emanated from the universities and higher technical schools.

At the beginning of the reform period there had been much

enthusiasm for scientific as opposed to classical education.

Eussia required, it was said, not classical scholars, but

practical, scientific men, capable of developing her natural

resources. The Government, in accordance with

this view, had encouraged scientific studies

tmtfl it discovered to its astonishment that there was some
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inyisterioufe connexion between natural science and revolu-

tionary tendencies. Many of the young men and women,

who were supposed to be qualifying as specialists in the

various spheres of industrial and commercial enterprise,

weie in reality devoting their time to considering how
human society in general, and Bussian society in particular,

could be reconstructed in accordance with the latest physio-

lo^ncal, biological, and sociological principles. Some of

these young people wished to put their crude notions

immediately into practice, and as their desire to make
gigantic socialist experiments naturally alarmed the Govern-

ment, their activity was opposed by the police. Many of

them were arrested and imprisoned or exiled to distant

provinces, but the revolutionary work was continued with

unabated zeal. Thus arose a struggle between the youth-

ful, hot-headed partisans of revolutionary physical science

and the zealous ofiicial guardians of political order—

a

struggle which has made the strange term Nihilism a

familiar word not only in Eussia but also in Western

Europe. The movement gradually assumed the form of

terrorism, and aimed at the assassination of prominent

officials, and even of the emperor himself, and the natural

result vras that the reactionary tendencies of the Govern-

ment were strengthened.

In foreign ^Dolicy Alexander II. showed the same qualities

of character as in internal affairs, ever trying prudently to

steer a middle course. When he came to the
Foreign

throne, a i^eace policy was imposed on him by
^

circumstances. The Crimean war was still going

on, but as there was no doubt as to the jSnal issue, and
the country was showing symptoms of exhaustion, he con-

cluded i3eace with the Allies as soon as he thought the

national honour had been satisfied. Prince Gortchakoff

could then declare to Europe, La Russie ne houde pas ;

die se recueille ”
j
and for fifteen years he avoided foreign

complications, so that the internal strength of the country

might be developed, while the national pride and ambition

received a certain satisfaction by the expansion of Bussian

influence and domination in Asia. Twice, indeed, during

that period the chancellor ran the risk of provoking war.

The first occasion was in 1863, when the Western Powers
seemed inclined to interfere in the Polish question, and
the Bussian chancery declared categorically that no inter-

ference would be tolerated. The second occasion was
during the Franco-German war of 1870-71, when the

Cabinet of St Petersburg boldly declared that it considered

itself no longer bound by the Black Sea clause of the

Treaty of Paris. On both these occasions hostilities were
averted. Not so on the next occasion, when Bussia aban-

doned her attitude of recioeillement. When the Eastern

Question was raised in 1875 by the insurrection of Herze-

govina, Alexander II. had no intention or wish to provoke
a great European war. No doubt he was waiting for an
opportunity of recovering the portion of Bessarabia which
had been ceded by the Treaty of Paris, and he perceived

in the disturbed state of Eastern Europe a possibility of

obtaining the desired rectification of frontier, but he hoped
to effect his purpose by diplomatic means in conjunction
with Austria. At the same time he was anxious to obtain
for the Christians of Turkey some amelioration of their

condition, and to give thereby some satisfaction to his

own subjects. As autocratic ruler of the nation which
had long considered itself the defender of the Eastern
Orthodox faith and the protector of the Slav nationalities,

he could not remain inactive at such a crisis, and he
gradually allowed himself to drift into a position from
which he could not retreat without obtaining some tangible
result Supposing that the Porte would yield to diplomatic
pressure and menace so far as to make some reasonable
concessions, he delivered his famous Moscow speech, in
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which he declared that if Europe w^ould not secure a better

position for the o^q^ressed Slavs he would act alone. The
diplomatic pressure failed, and war became inevitable.

During the campaign he displayed the same perseverance

and the same moderation that he had shown in the emanci-
pation of the serfs. To those who began to despair of

success, and advised him to conclude peace on almost any
terms so as to avoid greater disasters, he turned a deaf
ear, and brought the campaign to a successful conclusion

;

but when his more headstrong advisers urged him to insist

on terms which would p)robably have produced a conflict

with Great Britain and Austria, he resolved, after some
hesitation, to make the requisite concessions. In this reso-

lution he wras influenced by the discovery that he could not
rely on the expected support of Germany, and the discovery

made him waver in his devotion to the German alliance,

which had been the main pivot of his foreign policy
j
but

his 23ersonal attachment to the Em]Deror William prevented
him from ado2)ting a hostile attitude towards the eminre
he had helped to create.

The patriotic excitement produced by the w^ar did not
weaken the revolutionary agitation. The struggle between
the Terrorists and the 2>olice authorities became more and
more intense, and attempts at assassination became more
and more frequent. Alexander II. succumbed by degrees

to the mental dep)re&&ion ^iroduced originally by the

disappointments which he exjDerienced in his home and
foreign policy

;
and in 1880, when he had reigned twenty-

five years, he entrusted to Count Loris -Melikof a large

share of the executive power. In that year the empress
died, and a few weeks afterwards he married secretly a

Princess Dolgoruki, with whom he had already entertained

intimate relations for some years. Early in 1881, on the

advice of Count Loris-Melikof, he determined to try the

effect of some moderate liberal reforms on the revolutionary

agitation, and for this j;)ur];)o&e he caused an ukaz to be
preioared creating special commissions, composed of high
officials and private personages who should prepare reforms

in various branches of the administration. On the very

day on which this ukaz was signed—13th March 1881

—

he fell a victim to a Nihilist plot. When driving in one
of the central streets of St Petersburg, near the Winter
Palace, he was mortally wounded by the explosion of some
small bombs, and died a few hours afterwards.

(d. m. w.)

Alexa.llder III. (1845-1894), emperor of Bussia,

second son of Alexander II., was bom on 10th March 1845.

In natural disposition he bore little resemblance to his soft-

hearted, liberal-minded father, and still less to his refined,

philosophic, sentimental, chivalrous, yet cunning grand-uncle
Alexander I., who coveted the title of “the first gentleman
of Europe.” With high culture, exquisite refinement, and
studied elegance he had no sympathy, and never affected

to have any. Indeed, he rather gloried in the idea of

being of the same rough texture as the great majority of

his subjects. His straightforward, abrupt manner savoured

sometimes of gruffness, while his direct, unadorned
method of expressing himself harmonized well with his

rough-hewn, immobile features and somewhat sluggish

movements. His education was not fitted to soften these

pecuharities. During the first twenty years of his life he
had no prospect of succeeding to the throne, because he
had an elder brother, Nicholas, who seemed of a fairly

robust constitution. Even when this elder brother showed
symptoms of delicate health it was believed that his life

might be indefinitely prolonged by proper care and atten-

tion, and precautions had been taken for the succession

by his betrothal with the Princess Dagmar of Derqnark.

In these circumstances the greatest solicitude was devoted
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to the education of Nicholas as cesareTitch, Vhereas

Alexander received only the j^erfunctory and inadequate

training of an ordinary grand duke of that period, which

did not go much beyond primary and secondary instruc-

tion, practical acquaintance with French, EngKsh, and

German, and a certain amount of drill. When he became

heir-apparent by the death of his elder brother in 1865,

he began to study the principles of law and administration

under Professor Pod^donostsef, who did not succeed in

awakening in his pupil a love of abstract studies or j)ro-

longed intellectual exertion, but who influenced the

character of his reign by instilling into his mind the belief

that zeal for Eastern Orthodoxy ought, as an essential

factor of Russian patriotism, to be specially cultivated by

every right-minded Tsai'. His elder brother when on his

deathbed had expressed a wish that his affianced bride,

Princess Dagmar of Denmark, should marry his successor,

and this wish was realized on 9th November 1866. The

union proved a most happy one and remained unclouded

to the end. During those years when he was heir-

apparent—1865 to 1881—he did not play a prominent

Alexander lit.

part in public affairs, but he allowed it to become known
that he had certain ideas of his own which did not

coincide with the principles of the existing Government.
He deprecated what he considered undue foreign influence

in general, and German influence in particular, and he
longed to see the adoption of genuine national principles

in ail spheres of official activity, with a view to realizing

his ideal of a homogeneous Russia— homogeneous in

language, administration, and rehgion. With such ideas

and aspirations he could hardly remain permanently in

cordial agreement with his father, who, though a good
patriot according to his lights, had strong German
sympathies, often used the German language in his private

relations, occasionally ridiculed the exaggerations and
eccentricities qf the Slavophils, and based his foreign

policy on the Prussian alliance. The antagonism first

appeared publicly during the Franco-German war, when
the Tsar supported the Cabinet of l^erlin and the cesare-

vitch did not conceal his sympathies with the French. It

reappeared in an intermittent fashion during the years

1875-79, when the Eastern Question produced so much
excitement in all ranks of Russian society. At first the

cesarevitch was more Slavophil than tlie^ Government, but
Jus ^pUegmatie nature preserved him from many of the

D E R III
exaggerations indulged in by others, and any of the
prevalent popular illusions he may have imbibed were soon
dispelled by personal observation in Bulgaria, wffiere he
commanded the left wing of the invading army. The
Bulgarians had been represented in St Petersburg and
Moscow not only as martyrs but also as saints, and a very
little j)ersonal experience sufficed to correct the error. Like
most of his brother officers he could not feel any very

great affection for the little brothers,’’ as the Bulgarians

were then commonly called, and he ^vas constrained to

admit that the Turks were by no means so black as they

had been painted. He did not, however, scandalize the

believers by any public expression of his opinions, and did

not indeed make himself conspicuous in any way during

the campaign. Never consulted on
2
)olitical questions, he

confined himself to his military duties, and fulfilled them
in a conscientious and unobtrusive manner. After many
mistakes and disappointments, the army reached Constan-

tinople and the treaty of San Stefano was signed, but
much that had been obtained by that important document
had to be sacrificed at the Congress of Berlin. Prince

Bismarck failed to do what was confidently expected of him.

In return for the Russian support, which had enabled him
to create the German empire, it was thought that he
would help Russia to solve the Eastern Question in

accordance with her own interests, but to the surprise and
indignation of the Cabinet of St Petersburg he confined

himself to acting the part of “ honest broker ” at the

Congress, and shortly afterwards he ostentatiously con-

tracted an alliance with Austria for the express purpose of

counteracting Russian designs in Eastern Europe. The
cesarevitch could point to these results as confirming the

views he had expressed during the Franco-German war,

and he drew from them the practical conclusion that for

Russia the best thing to do was to recover as quickly as

possible from her temporary exhaustion and to prepare for

future contingencies by a radical scheme of military and

naval reorganization. In accordance with this conviction,

he suggested that certain reforms should be introduced.

During the campaign in Bulgaria he had found by painful

experience that grave disorders and gross corruption

existed in the military administration, and after his return

to St Petersburg he had discovered that similar abuses

existed in the naval department. For these abuses, several

high-placed personages—among others two of the grand

dukes—were believed to be responsible, and he called his

father’s attention to the subject. His representations were

not favourably received. Alexander II. had lost much of

the reforming zeal which distinguished the first decade of

Ms reign, and had no longer the energy required to under-

take the task suggested to him. The consequence was that

the relations between father and son became more

strained. The latter must have felt that there would be

no important reforms until he himself succeeded to the

direction of affairs. That change was much nearer at hand

than was commonly supposed. On 13th March 1881,

Alexander II. was assassinated by a band of Nihilists, and

the autocratic power passed to the hands of his son.

In the last years of his reign, Alexander II. had been

much exercised by the spread of Nihilist doctrines, and the

increasing number of anarchist conspiracies, and for some

time he had hesitated between strengthening the hands of

the executive and making concessions to the widespread

political aspirations of the educated classes. Finally he

decided in favour of the latter course, and on the very day

of his death he signed an ukaz, creating a number of

consultative commissions which might have been easily

transformed into an assembly of notables. Alexander III.

determined to adopt the opposite policy. He at once

! canqeRed the ukaz before it was published, and in the
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manifesto announcing liis accession to tlie throne he let it

he very clearly understood that he had no intention of

limiting or weakening the autocratic power which he had

inherited from his ancestors. Nor did he afterwards show

any inclination to change his mind. All the internal

reforms which he initiated were intended to correct what

he considered as the too liberal tendencies of the previous

reign, so that he left behind him the reputation of a

sovereign of the retrograde type. In his opinion Eussia

was to be saved from anarchical disorders and revolution-

ary agitation, not by the parliamentary institutions and

so-called liberalism of Western Europe, but by the three

principles which the elder generation of the Slavophils

systematically recommended—nationality, Eastern Ortho-

doxy, and autocracy. His political ideal was a nation con-

taining only one nationality, one language, one religion,

and one form of administration
;
and he did his utmost to

prepare for the realization of this ideal by imposing the

Russian language and Russian schools on his German,

Polish, and Finnish subjects, by fostering Eastern Ortho-

doxy at the expense of other confessions, by persecuting the

Jews, and by destroying the remnants of German, Polish,

and Swedish institutions in the outlying provinces. In

the other provinces he sought to counteract what he con-

sidered the excessive liberalism of his father’s reign. For

this purpose he clipped the feeble wings of the Zemstvo,

an elective local administration resembling the county and
parish councils in England, and placed the autonomous

administration of the peasant communes under the super-

vision of landed proprietors appointed by the Government.

At the same time he sought to strengthen and centralize

the imperial administration, and to bring it more under

his personal control. In foreign affairs he was emphatic-

ally a man of peace, but not at all a partisan of the

doctrine of peace at any price, and he followed the

principle that the best means of averting war is to be well

prepared for it. Though indignant at the conduct of

Prince Bismarck towards Russia, he avoided an open

rupture with Germany, and even revived for a time the

Three Emperors’ Alliance. It was only in the last years

of his reign, when M. Katkoff had acquired a certain

iafluence over him, that he adopted towards the Cabinet

of Berlin a more hostile attitude, and even then he confined

himself to keeping a large quantity of troops near the

German frontier, and estabhshing cordial relations with

France. With regard to Bulgaria he exercised similar

self-control. The efforts of Prince Alexander and after-

wards of M, Stamboloff to destroy Russian influence in the

principality excited his indignation, but he persistently

vetoed all proposals to intervene by force of arms. In
Central Asian affairs he followed the traditional policy of

gradually extending Russian domination without provoking

a conflict with Great Britain, and he never allowed the belli-

cose partisans of a forward policy to get out of hand. As a
whole his reign cannot be regarded as one of the eventful

periods of Russian history
;
but it must be admitted that,

under his hard, unsympathetic rule, the country made
considerable progress. He died at Livadia on 1st November
1891, and was succeeded by his eldest son, Nicholas 11.

(d. m, w.)

Alexarndei* or Battenberg (1857-1893), first

Prince of Bulgaria, was the second son of Prince

Alexander of Hesse and the Rhine by his morganatic
marriage with Julia, Countess von Hauke. The title of

Battenberg, derived from an ancient residence of the
grand - ducal family of Hesse, was conferred, -with the
prefix DwcTdaucht or “ Serene Highness,” on the countess
and her descendants in 1858. Prince Alexander, who
\va8 bom 5th April 1857, was nephew of the Tsar Alex-
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ander 11., who had married a sister of Prince Alexander
of Hesse ; his mother, a daughter of Count Moritz von
Hauke, had been lady-in-waiting to the Tsaritsa. In his

boyhood and early youth he was frequently at St Peters-

burg, and he accompanied his uncle, who was much
attached to him, during the Bulgarian campaign of 1877,
When Bulgaria under the Berlin Treaty was constituted

an autonomous principality under the suzerainty of Turkey,
the Tsar recommended his nephew to the Bulgarians as

a candidate for the newly- created throne, and Prince
Alexander was elected prince of Bulgaria by unanimous
vote of the Grand Sobranye, 29th April 1879. He was
at that time serving as a lieutenant in the Prussian life-

guards at Potsdam. Before proceeding to Bulgaria, Prince
Alexander paid visits to the Tsar at Livadia, to the courts

of the Great Powers, and to the Sultan
;
he was then con-

veyed on a Russian warship to Yarna, and after taking the
oath to the new constitution at Tirnova {8th July 1879) he
repaired to Sofia, being everywhere greeted with immense
enthusiasm by the people. (For the political history of

Prince Alexander’s reign, see Bulgaria.) Without any
previous training in the art of government, the young
prince from the outset found himself confronted with
difficulties which would have tried the sagacity of an
experienced ruler. On the one hand he was exposed to

numberless humiliations on the part of the representatives

of official Russia, who made it clear to him that he was
expected to play the part of a roi faineant

;

on the other

he was compelled to make terms with the Bulgarian poli-

ticians, who, intoxicated with newly-won liberty, prosecuted

their quarrels with a crude violence which threatened to

subvert his authority and to plunge the nation in anarchy.

After attempting to govern under these conditions for

nearly two years, the prince, with the consent of the Tsar
Alexander III., assumed absolute power (9th May 1881),
and a suspension of the ultra-democratic constitution for

a period of seven years was voted by a specially convened
assembly (13th July). The experiment, however, proved
unsuccessful

;
the Bulgarian Liberal and Radical politi-

cians were infuriated, and the real power fell into the

hands of two Russian generals, Soboleff and Kaulbars,

who had been specially despatched from St Petersburg.

The prince, after vainly endeavouring to obtain the recall

of the generals, restored the constitution with the concur-

rence of all the Bulgarian political parties (18th September
1883). A serious breach with Russia followed, which was
widened by the part which the prince subsequently played

in encouraging the national aspirations of the Bulgarians.

The revolution of Philippopolis (18th September 1885),

which brought about the union of Eastern Rumelia with
Bulgaria, was carried out with his consent, and he at once

assumed the government of the revolted province. In the

anxious year which followed, the prince gave evidence of

considerable military and diplomatic ability. He rallied

the Bulgarian army, now deprived of its Russian officers,

to resist the Servian invasion, and after a brilliant victory

at Slivnitza (19th November) pursued King Milan into

Servian territory as far as Pirot, which he captured (27th

November). Although Servia was protected from the

consequences of defeat by the intervention of Austria,

Prince Alexander’s success sealed the union with Eastern

Rumelia, and after long negotiations he was nominated

governor-general of that province for five years by the

Sultan (5th April 1886). This arrangement, however,

cost him much of his popularity in Bidgaria, wMle dis-

content prevailed among a certain number of his officers,

who considered themselves slighted in the distribution of

rewards at the close of the campaign. A military con-

spiracy was formed, and on the night of the 20th August

‘the prince was seized in the palace at Sofia, and com-
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pelled to sign Ms abdication ;

he was then hurried to the

Danube at Eakhovo, transported on his yacht to Eeni,

and handed over to the Eussian authorities, by whom he

was allowed to proceed to Lemberg. He soon, however,

returned to Eulgaria, owing to the success of the counter-

revolution led by Stamboloif, which overthrew the provi-

sional government set up by the Eussian party at Sophia.

But his position had become untenable, partly owing to an

ill-considered telegram which he addressed to the Tsar on

his return
j
partly in consec^uence of the attitude of Prince

Bismarck, who, in conjunction with the Eussian and

Austrian Governments, forbade him to punish the leaders

of the military conspiracy. He therefore issued a mani-

festo resigning the throne, and left Bulgaria on the 8th

September 1886. He now retired into private life. A
few years later he married Fraulein Loisinger, an actress,

and assumed the style of Count Hartenau (6th February

1889). The last years of his life were spent principally

at Gratz, where he held a local command in the Austrian

army. Here, after a short illness, he died on the 23rd

October 1893. His remains were brought to Sofia,

where they received a public funeral, and were eventually

deposited in a mausoleum erected in his memory. Prince

Alexander possessed much charm and amiability of manner

;

he was tall, dignified, and strikingly handsome. His

capabilities as a soldier have been generally recognized by

competent authorities. As a ruler he committed some

errors, but his youth and inexperience and the extreme

difficulty of his position must be taken into consideration.

He was not without aptitude for diplomacy, and his in-

tuitive insight and perception of character sometimes

enabled him to outwit the crafty politicians by whom he

was surrounded. His principal fault was a want of tenacity

and resolution
;

his tendency to unguarded language un-

doubtedly increased the number of his enemies.

The literature relating to Prince Alexander’s reign is still scanty.

See Drandae. Le Piince Alexandre de Battenberg en Bvilgarie.

Pans, 1884.

—

Koch. Fii^rst Alexander wn Bulgarien, Darm-
stadt, 1887.

—

Matveyev. Bulgarien nacli dem Berliner Congress^

Petersburg, 1887.

—

Boitechiee. “Prince Alexander of Batten-
terg,” in Fortnightly BevieWj January 1894.

(j D B
)

Alexa.ncler| king of Servia (1876 ),
was born

14th August 1876. He succeeded to the crown on 6th

March 1889, when his father, King Milan, abdicated and
proclaimed him king of Servia under a regency until he
should attain his majority at eighteen years of age. King
Alexander on 13th April 1893, being then in his seven-

teenth year, made his notable coup (Fetat and took the

royal authority into his own hands. After a banquet on
that day he made a stirring appeal to the army, pro-

claimed his majority, and dismissed the regents and their

ministry. His action was popular, and was rendered
still more so by his appointment of a Eadical ministry.

In May 1894 King idexander, by another coup

abolished the constitution of 1889 and restored that of

1869, thus reinstating King Milan and Queen Natalie in

their constitutional rights as members of the royal house
of Obrenovitch. His attitude during the Turco-Greek
war of 1897 was one of strict neutrality. In 1898 he
appointed his father commander-in-chief of the Servian

army, and from that time, or rather from his return to

Servia in 1894 until 1900 ex-King Milan was regarded
as the de facto ruler of the country. But on 21st July
1 900 King Alexander publicly betrothed himself to

Madame Draga Maschin, a widow, formerly a lady-in-

waiting to Queen Natalie. The projected union aroused
great opposition at first, and ex-Eng Milan resigned his

post, an example followed by all the government officials
\

the marriage, however, was duly celebrated on 5th August,

and the king’s firmness in tfie matter greatly strengthened

Ms position, which was made even more secure by the

death of his father shoitly afterwards.

Alexander, William (1824
), Protestant

Archbishop of Armagh and Primate of all Ireland, was born
at Londonderry 13th April 1824, and educated at Tonbridge
Grammar School and at Exeter and Brasenose colleges, Ox-
ford. After holding several livings in the north of Ireland

he was made bishop of Derry and Eaphoe in 1867, and was
elevated to the primacy in 1896. An eloquent preacher and
theauthor of numerous theologicalworks, he is best known to

literature as a master of dignified and animated verse. His
poems were collected in 1887 under the title of St Augut-
ti7ids Holiday^ and other Foems, His wife, who died in

1895, was also known as a writer of graceful poetiy, and par-

ticularly for her hymn “There is a Green Hill far away.”

Alexandra, Queen. See Edward VII.

Alexandretta, or IsXANDERfiN {Alexandria ad
Issum), the principal port of the Aleppo viMyet, founded by
Alexander in memory of the battle of Issus. The town
was formerly unhealthy, but since the drainage of the

marshes and the provision of a better water - supply, its

sanitary condition has greatly improved and trade is

increasing. Population, 8000 (Moslems, 5500
;

Christians,

2500). It is the seat of a British vice-consulate. See

Aleppo.

Alexandria, the chief seaport and, next to Cairo,

the largest city in Egypt. It suffered severely during the

revolt of Axabi Pasha in June and July 1882, when, both

before and after the bombardment of the forts by the

British fleet, great disorders broke out in the town. On
11th June over 400 Europeans were massacred by the

fanatical Mahommedans, and on the night following the

bombardment (11th July) incendiary riots caused great

loss of life and property, for which Egypt had eventually

to raise £9,000,000 to meet the claims for compensation

made cMefly by Europeans. Since then it has been

visited by two epidemics of cholera (1883 and 1897).

Nevertheless under the British occupation it has recovered

its former commercial and industrial prosperity, as shown
by the rapid increase of the population, which rose from

213.000 in 1882 to 320,000 in 1897, including over

46.000 Europeans, chiefly Greeks and Italians, and about

100 English families. Most of the foreign trade of Egypt
passes through this seaport, the imports and exports of

which advanced from £5,000,000 and £13,000,000

respectively in 1881 to £9,945,000 and £15,068,000 in

1899. The vessels entered were 3305 of 1,192,000 tons

in 1881, and 2805 of 2,414,674 tons in 1899; the clear-

ances for the corresponding years being 3250 of 1,304,000

tons and 2758 of 2,389,058 tons. In 1899 the British

entries were 747 of 1,150,231 tons, and clearances 741 of

1,139,698 tons. Alexandria was the first Egyptian town

provided with a municipal council, on which the govern-

ment, the foreign merchants, and natives are represented.

A great deal has been done to improve the town, wMch is

provided with several new thoroughfares, electric light,

and electric tramways, wMle the suburb of Eamleh has

been greatly enlarged, and is now occupied chiefly by

English residents. A new quay and promenade, extensive

wharves and graving dockB are also being constructed,

while a projected channel 30 feet deep and 300 wide will

enable large vessels to enter the port at all times.

Amongst the scientific and literary establishments are the

Egyptian institute, an athenseum, with courses of lectures,

a public library, and an archaeological museum. In the

last-mentioned, founded in 1893, are now safely housed

the antiquities, especially Greek and Eomau, which are
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from time to time brought to light in the district. During

the excavations near Pompey's column in 1900 some

inonum*ental ruins were exposed, which have by some

a,rchseologi&ts been identified with the foundations of the

great temple of Serapis. Alexandria is held by a British

garrison of about 1000 men, including a battalion of

infantry and artillery, under a British major-general.

AieX3.riClri£i, a town in Bumania, situated in a

rich grain-producing country, near the Danube, between

PtOshi-de-Vede and Zimnitza. It was founded by Prince

Alexander Couza. Population (1900), 13,675.

Alexa.nciriai, a district town of Russia, government

of Kherson, 93 miles S.W. of Poltava, on the Ingulets,

vdth tanneries, tallow-houses, and soap and candle works.

Population (1897), 14,002.

AlexaLndria, a manufacturing town of Dumbarton-

shire, Scotland, situated on the right bank of the river

Leven, opposite Bonhill, by rail 19J miles W.KW. of

Glasgow. It contains the largest of the five Turkey red

dyeing establishments recently amalgamated under one

company. The public buildings include a public hall, the

mechanics’ institute library, an institute for men, with library

and recreation rooms, and a similar institution for women.
Population in 1881, 6173; 1891, 7796; 1901, 8392.

Alexandria is in the parish of Bonhill, with the town of
|

which name it is connected by a bridge which replaced in
j

1898 one bought three years earlier by the County Council

fi'om the Smollett family. Population of Bonhill town in

1901, 3922; of Bonhill parish, 14,581.

Alexandria,, a city of Virginia, U.S.A., situated

in 38° 48' N. lat. and 77° 02' W. long. Though within

the limits of Alexandria county, it^ is independent of

county government, is divided into four wards, and is

entered by the Pennsylvania and the Southern railways,

and by electric railway from Washington, with which
it is also connected by ferry. The Civil War checked its

growth, and the powerful rivalry of Washington, only

seven miles distant, has held it almost at a standstill for

a generation. The Chesapeake and Ohio Canal, which
formerly extended to this place, now ends at Washington.
The population in 1880 was 13,659, in 1890 it was
14,339, and in 1900 it was 14,528.

Alexandria, a city of Madison county, Indiana,

U.S.A., a little north-east of the centre of the state, at the

intersection of the Cleveland, Cincinnati, Chicago, and
St Lduis and the Lake Erie and Western railways. It

has had a rapid growth, the population increasing from
715 in 1890 to 7221 in 1900.

Alexandria, a town of Louisiana, TJ.S.A., capital

of Rapides Parish, on the south bank of the Red river, in

the central part of the state, in a region devoted to the

cultivation of sugar-cane and cotton. The population in

1890 was 2861 ; in 1900 it was 5648,

Alexandropol, or Axexandrapol (Turkish
Guleri)^ a Russian town, fortress, and fortified camp in

Transcaucasia, government of Erivan, near the junction
of the Arpachai with the Aras, 30 miles by rail E.N.E.
of Kars. It has an extensive fortified military camp, and
six spacious caravanserais, besides considerable silk trade.

Population (1885), 22,670; (1897), 32,020.

Alexandrovsk, the name of several towns in

Russia; (1) New settlement of the government of Ar-
changel, in the military harbour of Catherine (Ekater-
ininsk), on the Norman coast, 5 miles from the mouth of
Kola Bay and 26 miles from Kola. It is a naval station.

(2) District and town south of Ekaterinoslav, near the left

bank of the Dnieper, below its rapids, and on the railway
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to Sebastopol. It has great store -houses. Population

(1897), 1 6,393. Opposite it is the island of Khortitsa, upon
which was the renowned Sich (or Syech) of the Zaporogue
Cossacks. All its neighbourhood is strewn with kurgaQis

(tumuli). (3) Russian village and fort, on the coast of

the maritime province in Gulf De Castries, opposite Sak-
halin island. It has a good harbour, hospital, and
government store-houses, and trade with America.

Alexandrovsk-Grushevskay^ a Cossack
viRage of Russia, province of the Don, 5 miles N.W. of

Novocherkask, in the centre of the Grushevskiya anthra-

cite mines. The stock of coal of the latter is estimated
at 16,000,000 tons. About 645,000 tons are now ex-

tracted every year by about 13,100 workmen. Popula-
tion of the village, 16,250 in 1897.

AlfbrtvillOy a town, arrondissement of Sceaux,

department of Seine, 4 miles E.S.E. of Paris, at the conflu-

ence of the Seine and the Marne. India-rubber goods are

manufactured, boat-building is carried on, and there are

forges and rolling-mills. Population (1891), 7735
; (1896),

11,410, (comm.) 11,614.

Alfred Ernest Albert, Duke of Edinburgh,
and Duke of Saxe-Coburg and Gotha, (1844-1900),
second son and fourth child of Queen Victoria, was born
at Windsor Castle, 6th August 1844. In 1856 it was
decided that the prince, in accordance with his own wishes,

should enter the navy, and a separate establishment was
accordingly assigned to him, with Lieutenant Sowell, R.E.,

as governor. He passed a most creditable examination
for midshipman in August 1858, and being appointed to

the Burgalus, at once began to work hard at the practical

part of his profession. In July 1860, while on this ship,

he paid an official visit to the Cape, and made a very

favourable impression both on the colonials and on the

native chiefs. On the abdication of Otho, king of Greece,

in 1862, Prince Alfred was chosen by the whole people to

succeed him, but political conventions of long standing

rendered it impossible for the British Government to

accede to their wishes. The prince therefore remained

in the navy, and was promoted lieutenant 24th February

1863, and captain 23rd February 1866, being then

appointed to the command of the Galatea, On attaining

Ms majority in 1865, the prince was created duke of

Edinburgh and earl of Ulster, with an annuity of £15,000
granted by Parliament. While still in command of the

Galatea, the duke started from Plymouth, 24th January

1867, for his voyage round the world. On 11th June
1867 he left Gibraltar and reached the Cape on 24th

July, and landed at Glenelg, South Australia, on 31st

October. Being the first royal prince to visit Australia,

the duke was received with the greatest enthusiasm.

During his stay of nearly five months he visited Ade-
laide, Melbourne, Sydney, Brisbane, and Tasmania; and
it was on his second visit to Sydney that, while at-

tending a public picnic at Clonfert in aid of the

Sailors’ Home, an Irishman named O’Farrell shot him
in the back with a revolver. The wound was fortunately

not dangerous, and witMn a month the duke was able

to resume command of his ship and return home. He
reached Spithead on 26th June 1868, after an absence of

seventeen months. The duke’s next voyage was to India,

where he arrived in December 1869. Both there and at

Hong Kong, which he visited on the way, he was the first

British prince to set foot in the country. The native

rulers of India vied with one another in the magnificence

of their entertainments during the duke’s stay of three

months. On 23rd January 1874 the marriage of the

duke to the Grand Duchess Marie Alexandrovna, only
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daughter of Alexander II., emperor of Eus>sia, was cele-

brated at St. Petersburg, and the bride and bridegroom

made their public entry into London on 12th March. The

duke still devoted himself to his profession, showing com-

plete mastery of his duties and unusual skill in naval

tactics. He was promoted rear-admiral, 30th December

1878; vice-admiral, 10th November 1882; admiral, 18th

October 1887; and received his baton as admiral of the

Fleet, 3rd June 1893. He commanded the -Channel Fleet,

1883-84; the Mediterranean Fleet, 1886-89; and was

commander-in-chief at Devonport, 1890-93. He always

paid the greatest attention to his official duties, and was

most efficient as an admiral.

On the death of his uncle, Ernest II., duke of Saxe-

Coburg and Gotha, 22nd August 1893, the vacant duchy

fell to the duke of Edinburgh, for the Prince of Wales had

renounced his right to the succession. At first regarded

with some coldness as a foreigner,” he gradually gained

Q-M
•

popularity, and by the time of his death, 30th July 1900,
he had completely won the good opinion of his subjects.

The duke was exceedingly fond of music, and an excellent

violinist, and took a prominent part in establishing the
Koyal College of Music. He was also a keen collector of

glass and ceramic ware, and his collection, valued at half

a million of marks, was presented by his widow to the

“Veste Coburg,” near Coburg. When he became duke
of Saxe-Coburg he surrendered his English allowance of

.£15,000 a year, but the £10,000 granted in addition by
,
Parliament on his marriage he retained in order to keep
up Clarence House. The duke had one son, who died un-

married, 6th February 1899, and four daughters. The third

daughter, Princess Alexandra Louisa Olga Victoria, married
the hereditary Prince Ernest of Hohenlohe-Langenburg,
who became regent of the duchy of Coburg during the

minority of the deceased duke’s nephew, the young duke of

Albany, to whom the succession fell. (g. f,

ALG^.

Classifl^

cation.

The Latin word Alga seems to have been the equivalent

of the English word seaweed,” and probably stood for

any or all of the species of plants which form the “ wrack ”

of a seashore. When the word Algae” came to be employed

in classification as the name of a class, an arbitrary limita-

tion had to be set to its signification, and this was not

always in keeping with its original meaning. The absence

of differentiation into root, stem, and leaf, which prevails

among seaweeds, seems, for example, to have led Linnaeus

to employ the term in the Genera Plantarum for a sub-

class of Gryptogamia, the members of which presented

this character in a greater or less degree. Of the fifteen

genera included by Linnaeus among Algae, not more than

six, viz. :

—

Ghara^ FumSy Ulva, and Conferva, and in part

Tremella and Byssus, would to-day, in any sense in which

the term is employed, be regarded as Algae. The excluded

genera are distributed among the Liverworts,

Lichens, and Fungi
;
but notwithstanding the

great advance in knowledge since the time of

Linnaeus, the difficulty of deciding what limits to assign to

the group to be designated Algce still remains. It arises

from the fact that AJgae, as generally understood, do not

constitute a homogeneous group, suggesting a descent from

a common stock. Among them there exist, as will be

seen hereafter, many well-marked but isolated natural

groups, and their inclusion in the larger group is generally

felt to be a matter of convenience rather than the expression

of a belief in their close inter-relationship. Efforts are

therefore continually being made by successive writers to

exclude certain outlying sub-groups, and to reserve the term
Algm for a central group reconstituted on a more natural

basis within narrower limits.

It is perhaps desirable, in an article like this, to treat of

Algae in the widest possible sense in which the term may
be used, an indication being at the same time given of the

narrower senses in which it has been proposed to employ it.

Interpreted in this my, the place of Algae in the vegetable

kingdom may be shown by means of a table :

—

{Myxomycetes
Thallophyta \ Fungi

Gryptogcmia - {Algcs

Bryophyta
Fteridophyta

TheVegetableJ
Kingdom

devoid, like the rest of the Thallophyta, of differentiation

into root, stem, and leaf ;
but, unlike other Thallophyta,

possessed of a colouring matter, by means of which they

are enabled, in the presence of sunlight, to make use of

the carbonic acid gas of the atmosphere as a source of

carbon. It is true that certain Bryophyta {Marchantiace(jB,

Anthocerotece) possess a thalloid structure similar to that of

Thallophyta, and are at the same time possessed of the

colouring matter of the Green Algae. Their life-cycle,

however, the structure of the reproductive organs, and
their whole organization proclaim them to be Bryophyta,

(See Muscinejs, ninth ed., and Bryophyta.) On the

other hand certain undoubted animals {Stentor, Hydra,
BonelKci) are provided with a green colouring matter by
means of which they make use of atmospheric carbonic

acid. A more important consideration is the occasional

absence of this colour in species, or groups of species, with,

in other respects, Algal affinities. Such aberrant forms are

to be regarded in the same light as Guscuta and Orohan-

chmem, for example, among Phanerogams. As these

non-green plants do not cease to be classed with other

Phanerogams, so must the forms in question be retained

among AJgse. In all cases the loss of the colouring matter

is associated with an incapacity to take up carbon from so

simple a compound as carbonic acid.
^

Further discussion of the general characters of Algae

wiU be deferred in order to take a brief survey of the sub-

divisions of the group. For this purpose, there will be

adopted the classification of Algae into four sub-groups,

founded on the nature of the colouring matters present in

the plant :

—

1. CYAiiroPHYCE-®, or Blue-green Algae,

2. Chlorophyce-®, or Green Algae.

3. PHiEOPHYCEiE, Or Brown Algae.

4. EHODOPHYCEiB, or Bed Algae.

The merits and demerits of this system will appear during

the description of the characters of the members of the

several subdivisions.

1. Cyakophtceje.^*^—

T

his group derives its uatne from the

circumstance that the cells contain in addition to the green

colouring matter, chlorophyll, a blue-green colouring matter to

which the term phycocyanin has been applied. To the eye, how-

ever, members of this group present a greater variety of colour

AJgae in this wide sense may be briefly described as the

aggregate of those simpler forms of plant hfe usually

^ Includes (exclusive of Bacteriaceae) :

—

* 1. Ooccogoiuce—^2 families, 29 genera, 253 species.

2, HorrrwgoTiecB—6 families, 59 genera, 701 species.

(Engler and pyantPs
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than those of any other—yellow, brown, olive, red, purple, violet

and variations of all these being known. They
undoubtedly represent the lowest grade of Algal life,

dlvisiotts. distribution rivals that of the Green Algae,

They occur in the sea, in fresh water, on moist earth, on damp
rocks, and on the bark of trees. Certain species are regularly

found in the intercellular spaces of higher plants ; such are

species of Nostoc in the thallus of Anthoceros, the leaves of Azolla,

and the roots of Cycads. Many of them enter into the structure of

the lichen-thallus, as the so-called gonidia. It is remarkable that
species belonging to the OsciUatoriaceoB are known to flourish in
hot springs, the temperature of which rises as high as 85° G.

The thallus may be unicellular or multicellular. When uni-

cellular, it may consist of isolated cells, but more commonly the

cells are held together in a common jelly {Ohroococcacecs) derived

from the outer layers of the cell-wall. The multicellular species

consist of filaments, branched or unbranched, which arise by the
repeated division of the cells in parallel planes, no formation of
mucilage occurring in the dividing walls. Suclt filaments may
not give rise to mucilage on the lateral surface either, in which case

they are said to be free
;
when mucilage does occur on the lateral

w all, it appears as the sheath surrounding either the single fila-

ment, or a sheaf of filaments of common origin. The mucilage
may also form an embedding substance similar to that of Chroo-
coccacecD, in which the fi.laments lie parallel or radiate from a com-
mon centre {RivulaHacecc). The cells of the filament may be all

alike, and growth may occur equally in all parts {Oscillator'hacex)
;

or certain cells (heterocysts) may becomemarked off by their larger

size and the transparency of their contents ; in which case growth
may still be distributed equally throughout {Nostoc)^ or the filament
may be attached where the heterocyst arises, and grow out at the
opposite extremityinto a fine hair {Jlimolariacece), An African form
{Ca7nptothri3c)f devoid of heterocysts and hair-like at both extremi-
ties, has recently been described. Branching has been described
as “ false and “ true.’" The former arises when a filament in a
sheath, either in consequence of growth in length beyond the
capacity of the sheath to accommodate it, or because of the decay
of a cell, becomes interrupted by breaking, and the free ends slip

past one another. “True ” branching arises only by the longitu-

dinal division of a cell of a filament and the lateral outgrowth of
one of the cells resulting from the division {Sirosi^phonacece),

The nature of the contents of the cells of Cyanophycece has
given rise to considerable controversy. The cells are for the most
part exceedingly minute, and are not easy to free from their

colouring matters, so that investigation has been attended with
great difficulty. Occupying as these Algae do perhaps the lowest
grade of plant life, it is a matter of interest to ascertain whether
a nucleus or chromatophore is differentiated in their cells, or
whether the functions and properties of these bodies are diffused

through the whole protoplast. It is certain that the centre of the
cell, which is usually non-vacuolated, is occupied by protoplasm
of different properties from the peripheral region

;
and Jischer has

fuither established the fact that the peripheral mass, which is a
hollow sphere in spherical cells, and either a hollow cylinder or
barrel-shaped body in filamentous forms, must be regarded as the
single chromatophore of the Cyanophyceous cell. But whether
the central mass is anything more than protoplasm laden with
the products of assimilation still remains uncertain. Among
other contents of the cell, fatty substances and tannin are known.
A curious adaptation seems to occur in certain floating forms,
in the presence of a gas-vacuole, which may be made to vary
its volume with varying pressure. There is evidence that the
dividing wall of filamentous forms is deeply pitted, as is’ found to
be the case in Red Algae. Reproduction is chiefly effected by the
vegetative method. Asexual reproductive cells are not infrequent,
but sexual reproduction even in its initial stages is unknown.
Kor is motility by mejins of cilia known in the group. In the
unicellular forms, cell-division involves multiplication of the
plant. In all the multicellular plants of this group which have
been adequately investigated, vegetative multiplication by means
of what are known as hormogonia has been found to occur. These
are short segments of filaments consisting of a few cells which
disengage themselves from the ambient jelly, if it he present, in
virtue of a peculiar creeping movement which they possess at this
stage. After a time they come to rest and give rise to new
colonies. True reproduction of the asexual kind occurs, however,
in the formation ofsporangia, particularlyinthe ChaTncesiphonacece,

Here the contents of certain cells break up endogenously into a
great number of spores, which are distributed as a fine dust.
Resting spores are ^so known. In these cases, certain cells of a
colony of unicellular plants or of the filaments of multicellular
plants enlarge greatly and thicken their wall. When unfavour-
able extcmal conditions supervene and the ordinary cells become
atrophied, these cells persist and reproduce the plant with the
return of more favourable conditions. The OseiUatoriacece are
capable-of a peculiar oscillatory movement, which has earned for
them their name, and which enables them to moVe through con-
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siderable distances. It is not clear how the movement is effected,
though it has frequently been the subject of careful investigation.
With the Cyanophycece must be included, as their nearest allies,

the Bacteriaceoe, Notwithstanding the absence of chloiophyll,
and the consequent parasitic or saprophytic habit, Bacteriacecc
agree in so many morphological features with Cyanophycece that
the affinity can hardly be doubted.
They are, however, not further considered here, since they

are separately dealt with in this work. (See Bacteriology.)
2. CHLorwOPHYCE^.^—This group includes those Algae in which

the green colouring matter, chlorophyll, is not accompanied by a
second colouring matter, as it is in other groups. It consists of
three subdivisions :

—

ConjugatCBy JSuchlorophycece, and Characece.
Of these the first and last are relatively small and sharply-defined
families, distinguished from the second family, which forms the
bulk of the^ group, by characters so diverse that their inclusion
with them in one larger group cau only be justified on the ground
of convenience. Euchlorophycece are made up in their turn of
three series of families :

—

Protococcales^ Confervales, and Siphonales.
Chlorophyceoe include both marine and freshwater plants. Con-
jugatcej ProtococcaleSj and Characece are exclusively freshwater

;

Confervales and Sipho7iaUs are both freshwater and marine, but
the latter group attains its greatest development in the sea. Some
Chlorophyceoe are terrestrial in habit, usually growing on a damp
substratum, however. Trentepohlia grows on rocks and can sur-
vive considerable desiccation. Phycopeltis grows on the surface of
leaves, Phyllohium and Phyllosiphon in their tissues. Gomoiitia
is a shell-boring Alga, JOermatophyton grows on the carapace of
the tortoise, and Tnchophilm in the hairs of the sloth. Certain
Protococcales and Confervales exist as the gonidia of the lichen-
thallus.

The thallus is of more varied structure in this group thau in
any other. In the simplest case it may consist of a single cell,

which may remain free during the whole or the greater part of its

existence, or he loosely aggregated together within a common
mucilage, or be held together by the adhesion of the cell-walls
at the surface of contact. These aggregations or colonies, as they
are termed, may assume the form of a plate, a ring, a solid sphere,
a hollow sphere, a perforate sphere, a closed net, or a simple or
branched filament. It is not easy in all cases to draw a dis-
tinction between a colony of plants and a multicellular indi-
vidual. In a Volwx sphere, for example, there is a marked
protoplasmic continuity between all the cells of the colony. The
Ulyacece^ the thallus of which consists of laminae one or more cells

thick, or hollow tubes, probably represent a still more advanced
stage in the passage of a colony into a multicellular plant. Here
there is some amount of localization of growth and distinction of
parts. It is only in such cases as Volvox and Ulvacece that there
is any pretension to the formation of a true parenchyma within
the limits of the Chlorophyceoe. In the whole series of the
Confervales, the thallus consists of filaments branched or un-
branched, attached at one extremitjr, and growing almost wholly
at the free end. The branches end in fine hairs in Chcetophoracece,

In Coleochoetaceoe the branches are often welded into a plate,

simulating a parenchyma. In all Conjugatoc and most Proto-
coccales, and in the bulk of the Confervales, the thallus consists

ofa cell or cells, the protoplast of which contains a single nucleus.
In Eydrodictyaceoe, Cladophoraceoe, SphoeropUcLceoe, and Gonwnti-
acecB this is no longer the case. Instead of a single relatively large
nucleus, each cell is found to contain many small nuclei, and is

spoken of as a coenocyte. This character becomes still more pro-

nounced in the large group of the Siphonales. Valoniacece and
Dasycladacece are partially septate, but elsewhere no cellulose parti-

tions occur, and the thallus is more or less the continuous tube from
which the group is named. Yet the Siphonaceous Algaemay assume
great variety of fonn and reach a high degree^ of differentia-

tion. Protosiphon and JBotrydimn, on the one hand, are minute
vesicles attached to muddy surfaces by rhizoids

; Caulerpa, on
the other, presents a remarkable instance of the way in which
much the same external morphology as that of cormophytes has
been reached by a totally different internal structure. Many
Siphonales are encrusted with lime like CoralUna among Red Algse.

Penidllus is brush-like, Halimeda and GymopoUa axe jointed,

Acetabularia has much the same external form as an expanded
Coprinns, Neormris simulates the fertile shoot of Eguisetum with
its densely-packed whorled branches, and in Mzcrodictyon,

Anadyomene, Struvea, and Boodlea the branches, spreading in

one plane, become bound together in a more or less close network.

^ Chlorophyceae include :

—

1. Confervoideae—12 families, 77 genera, 1021 species.

2. Siphonese—9 families, 26 genera, 271 species.

8. l^otococcoidese—2 families, 90 genera, 842 species.

4. Conjugatae—2 families, 33 genera, 1296 species.

(De Toui*s SyUoge Atgamrn.)

5. Charace8e^2 families, 6 genera, 181 species.

(Engler and PxantTs PlanzenfmiMim)^

S. L— 34
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CharaceoB are separated from other Chlorophycece by a long^ inter-

val, and present the highest degree of dilferentiation of parts

known among Green Algae. Attached to the bottom of pools by

means of rhizoids, the thallus of Gharacecs grows upwards by

means of an apical cell, giving off whorled appendages at regular

intervals. The appendages have a limited growth; but in connexion

with each whorl there arise, singly or in pairs, branches which have

the same unlimited growth as the main axis. There is thus a

close approach to the external morphology of the higher plants.

The streaming of the protoplasm, known elsewhere among Chloro-

phyceoB, is a conspicuous feature of the cells of Gharacece.

The Chlorophycece excel ail other groups of Algae in the magni-

tude and variety of form of the chlorophyll-bodies. In Ulva and

Mesocarpus the chromatophore is a single plate, which in the

latter genus places its edge towards the incident light ;
in

SpirogyrcL they are spiral bands embedded in the primordial

utricle ;
in Zygnema, they are a pair of stellate masses, the rays

of which branch peripherally; in (Edogonium they are longi-

tudinally - disposed anastomosing bands
;

in Desmids plates

with irregular margins
;
in Gladophora polyhedral plates

;
in

Vaucheriarrdmit& elhptical bodies occurring in immense numbers.
Embedded in the chromatophore, much in the same way as the

nucleus is embedded in the cytoplasm, are the pyrenoids. Un-
known in Gyanophyceoe and PhoeophycccBi known only in JBangiacece

and Nemalion among Rhodophycece, they are of frequent occurrence

among Ghlorophycece^ excepting Gharacece. Sometimes several

pyrenoids occur in each chloroplast,as in Mesocarpus and Spirogyra;

sometimes only an occasional chloroplast contains pyrenoid at

all, as in Gladophora. The pyrenoid seems to be of proteid nature

and gelatinous consistency, and to arise as a new formation or by
division of pre-existing pyrenoids. When carbon-assimilation is

active, starch-granules crowd upon the surface of the pyrenoid

and completely obscure it from view.

Special provision for vegetative multiplication is not common
among Ghtorophycece, Talonia and Gaulerpa among Biphonales

detach portions of their thallus, which are capable of independent
growth. In Gaulerpa no other means of multiplication is as yet
known. In GharcLceoe no fewer than four methods of vegetative

reproduction have been described, and the facility with which
buds and branches are in these cases detached has been adduced
as an evidence of affinity with Bryophyta, which, as a class, are

distinguished by their ready resort to vegetative reproduction.

With regard to true reproduction, which is characterized by
the formation of special cells, the group Euahlorophyceae is

characterized by the production of zoospores
;
that is to say, cells

capable of motility through the agency of cilia. Such ciliary

motion is known in the adult condition of the cells of Volvocaceoe,

but where this is not the case the reproductive cells are endowed
with motility for a brief period. The zoospore is usually a

pyriform mass of naked protoplasm, the beaked end of which
where the cilia arise is devoid of colouring matter. A reddish-

brown body, known as the eyespot, is usually situated near the
limits of the hyaline portion, and in the protoplasm contractile

vacuoles similar to those of lower animals have been occasionally

detected. The movement of the zoospore is effected by the
lashing of the ciHa, and is in the direction of the beak, while the
zoospore slowlj^ rotates on its long axis at the same time.
Usually two cilia are present ; in Botrydium and Rydrodictyon
only one is present ; in certain species of Gladophora four; in Easy-
cladtbs a chaplet, and in (Edogoniv/m a ring ofmany ciha. The so-

called zoospore of Vaucheriais a ccenocyte covered over with paired
cilia corresponding in position to nuclei lying below. In all

other cases, zoospores are uninucleate bodies. Zoospores arise in
cells of ordinary size and form termed zoosporangia. In unicel-
lular forms {Sphcerella) the thallus becomes transformed into a
zoosporangium at the reproductive stage. In the zoosporangia
of (Edogonium^ Tetraspora, and Goleochcete, the contents become
transformed into a single zoospore. In most cases repeated
division seems to take place, and the final number is represented
by some power of two. In coenocytic forms the zoospores would
seem to arise simultaneously, probably because many nuclei are
already present. The escape of zoospores is effected by the
degeneration of the sporangial wall {Ohoetophora), or by means of
a pore (Gladophora)

,

or a slit (Pediastrum), or a circular fracture
((Edogonium). Zoospores are oftwo kinds :—(1) Those which come
to rest and germinate to form a new plant ; these are asexual
and are pospores proper. (2) Those which are incapable of
crmination of themselves, but fuse with another cell, the pro-
uct giving rise to a new individual

; these are sexual and are
zoogametes. When two similar zoogametes fuse, the process is
conjugation, and the product a zygospore. Usually, however,
only one of the fusing cells is a zoogamete, the other gamete
being a much larger resting cell. In such a case the zoogamete is
male, is called an antherozoid or spermatozoid, and arises in an.
antheridium

; the larger gamete is an oosphere and arises in an
oogonium. The fusion is now known as fertilization, and the
prod,iict is an oospore. Reproduction by conjugation ik also

known as isogamy, by fertilization as oogamy. When zoospores
come to rest, a new cell is formed and germination ensues at
once. When zygospores and oospores are produced a new cell-

wall is also formed, but a long period of rest ensues. All in-
vestigation goes to show that an essential part of sexual union is

the fusion o± the two nuclei concerned. It is interesting to know,
on the authority of Oltmanns, that when the oosphere is forminf^
in the oogonium of Vaucheria^ there is a retrocession of all the
included nuclei but one. That the antherozoid of VaucheHa con-
tains a single nucleus had been inferred before.

Erom a comparison of those Euchlorophyceoe which have been
most closely investigated, it appears probable that sexual repro-
ductive cells have in the course of evolution arisen as the result of
specialization among asexual reproductive cells, and that in turn
oogamous reproduction has aiisen as the result of differentia-

tion of the two conjugating cells into the smaller male gamete
and the larger female gamete. It would further appear that
oogamous reproduction has arisen independently in each of the
three main groups of Euchlorophyceoe, viz.

,
ProtococcaleSy Siphon-

ales^ and Gonfervales. Thus among Volmcaceoe^ a family of Proto-
coccales, while in some of the genera ( Sphondylomorvm)^
no sexual union has as yet been observed, in others (Pandorina,
Chlorogonium, Stephanospheera, Sphcerellcu) conjugation of similar
gametes takes place, in others still (Phacotus^ Eudorina^ Volvox)
the union is of the nature of fertilization. No other family of
Protococcales has advanced beyond the stage of isogamous repro-
duction. Again, among Siphonales only one family

( Vauchei iaceoe)

has reached the stage of oogamy, although an incipient heterogamy
is said to occur in two other families (Qod%aGecB, Bryopsidaceoe).

Elsewhere among Siphonales^ in those cases where reproductive
cells are known, the reproduction is either isogamous or asexual.

Among Gonfervales there is no family in which sexual reproduc-

tion—isogamy or oogamy—is not known to occur among some of

the component species, and as many as four families (uylindro-

capsacecB, Sphceropleacece, CEdogomacece, Coleochcetaceoc) are oogam-
ous. On these, as well as other grounds, Gonfervales are regarded
as having attained to the highest rank among Euchlorophycecc.

Although the phenomena attending isogamous and oogamous
reproduction respectively are essentially the same in all cases,

slight variations in both instances appear in different families,

attributable doubtless to the independent origin of the process in

different groups. Thus, although isogamy consists in tyincal cases

of a union of naked motile gametes by a fusion which begins at the
beaked ends, and results in the formation of an immotile spherical

zygote surrounded by a cell-wall, in Leptosira it is noticeable

that the fusion begins at the blunt end
;
in a species of Chlamydo-

monas the two gametes are each included in a cell-wall before

fusion ; and in many cases the zygote retains for some time

its motility with the double number of cilia. Again, in oogamous
reproduction, while in general only one oosphere is differentiated

in the oogonium, in Sphxroylea several oospheres arise in each

oogonium ; and while the oospheres usually contract away from
the oogonial wall, acquiring for themselves a new cell-wall after

fertilization, in Goleochoete the oosphere remains throughout in

contact with the oogonial wall. The oosphere is in all cases

fertilized while still within the oogonium, the antherozoids being

admitted by means of a pore. There is usually distinguishable

upon the surface of the oosphere an area free from chlorophyll,

known as the receptive spot, at which the fusion with the

antherozoid takes place ; and in many cases, before fertilization,^

a small mucilaginous mass has been observed to separate itself off

from the oosphere at this point and to escape through the

pore. In Goleochoete the oogonial wall is drawn out into a

considerable tube, which is provided with an apical
_

pore,

and this tube has a somewhat similar appearance to the imper-

forate trichogyne of Florideoe to be hereafter described. In

certain species of (Edogonium minute male plantlets, known as

dwarf males, become attached to the female plant in the neigh-

bourhood of the oogonia, thus facilitating fertilization.
^

Indeed

the genus (Edogonium exhibits a high degree of specialization in

its reproductive system, considering that its thallus has not

advanced beyond the stage of an unbranched filament.

Many Euchlorophyceoe are endowed with both asexual and

sexual reproduction. Such are Goleochoete, (Edogonium, Cylin-

drocapsa, Vlothrix, Vaucheria, Volvox, kc. In others only the

asexual method is yet known. When a species resorts to

both methods, it is generally found that the asexual method
prevails in the early part of the vegetative period, and the

sexual towards the close of that period. This is in conson-

ance with the facts already mentioned that zoospores germin-

ate forthwith, and that the sexually - produced cell or zygote

enters upon a period of rest. It is known that zoogame fces,

which usually conjugate, may, when conjugation fails, ger-

minate directly (Sphierella), In rare cases the oosphere has

been known to germinate without fertilization ((Edogonium,

Gylindrocapsa). The germination of a zygospore or oospore is

effected by the rupture of an outer cuticularized exosporium ;
then
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the cell may protrude an inner wall, the endosporinm, and grow

out into the new plant ( Vaucheria)^ or the contents may break

up into a first brood of zoospores.^ It is held that in Coleochoete

a parenchyma results from the division of the oospore, from each

cell of which a zoospore arises.

Reproduction is also etf^ected among Euchlorophycece by means
of aplanospores and akinetes.^ Aplanospores would seem to

represent zoospores arrested in their development
;

without

reaching the stage of motility, they germinate within the spor-

angium. Akinetes are ordinary thallus cells, which on account

of their acquisition of a thick wall are capable of surviving un-

favourable conditions. Both aplanospores and akinetes may
germinate with or without the formation of zoospores at the initial

stage.

Among Conjugate reproduction is effected solely by means of

conjugation of what are literally aplanospores. Among those

Desmidiaceos, which live a free life, two plants become surrounded

by a common mucilage, in which they lie either parallel {Glos-

ienum) or crosswise (Cosmarium). Gaps then appear in the

apposed surfaces, usually at the isthmus
; the entire protoplasts

cither pass out to melt into one another clear of the old walls, or

partly pass out and fuse without complete detachment from the old

w'alls. Among colonial Desmidiaoeos^ the break-up of the filament

is a preliminary to this conjugation
;
otherwise the process is the

same. The zygospore becomes surrounded with its own wall,

<jonsisting finally of three layers, the outer of which is furnibhed

with spicular prominences of various forms. In Zijgnemaceoe there

is no dissolution of the filaments, but the whole contents of one
cell pass over by means of a conjugation-tube into the cavity of a

cell of a neighbouring filament, where the zygospore is formed by
the fusion of the two protoplasts. In these cases the activity of

one of the gametes, and the passivity of the other, is regarded

as evidence of incipient sex. In Sirogonium there is cell-

division in the parent-cell prior to conjugation; and as two
segments are cut off in the case of the active gamete, and only

one in the case of the passive gamete, there is a corresponding
|

difference of size, marking another step in the sexual differentia- '

tion. In Zygogonium, although no cell-division takes place, the

gametes consist of a portion only of the contents of a cell, and this

is regularly the case in MesocarpacecB^ which occupy the highest

grade among CoTijugatoe. Some Zygnemaceoe and Mesocarpaoecs

form either a short conjugating tube, or none at all, but the fila-

ments approach each other by a knee-like bend, and the zygospore

is formed at the point of contact, often being partially contained

within the walls of the parent-cell. It would seem that in some
cases the nuclei of the gametes remain distinct in the zygospore

for a considerable time after conjugation. It is probable that in

all cases nuclear fusion takes place sooner or later. In Zyg-
ne'inacece and Mesocarjpacecs the zygospore, after a period of rest,

germinates, to form a new filamentous colony ; in Desmidiacecs its

contents divide on germination, and thus give rise to two or more
Desmids. Gametes which fail to conjugate sometimes assume
the appearance of zygospores and germinate in due course. They
are known as azygospores.
The reproduction of Cfiaraceoi is characterized by a pronounced

oogamy, the reproductive organs being the most highly differ-

entiated among Chlorophyeeos. The antheridia and oogonia are

formed at the nodes of the appendages. The oogonium, seated on
a stalk cell, is surrounded by an investment consisting of five

spirally-wound cells, from the projecting ends of which segments
are cut off, constituting the so-called stigma. The oosphere is

not differentiated within the wall of the oogonium, but certain

cells known as wovdungszellen^ the significance of which has given
rise to much speculation, are out off from the basal portion of the
parent-cell during its development. The antheridia arc spherical,

orange-coloured bodies of very complex structure. The anthero-
zoid is a spirally-coiled thread of protoplasm, furnished at one
ond with a pair of cilia. It much more resembles the antherozoids
of Bryophyta and certain Pteridophyta than any known among
other Algae. The fertilized egg charged with food reserves rests for

a considerable period, surrounded by its cortex, the whole having
assumed a reddish-brown colour. On germination it gives rise to
.a row of cells in which short (nodal) and long (internodal) cells

alternate. From the first node arise rhizoids
;
from the second a

lateral bud, which becomes the new plant. This peculiar product
of germination, which intervenes between the oospore and the
.adult form, is the proembryo. It will be remembered that in
Musd the asexual spore somewhat similarly gives rise to a
protonema, from which the adult plant is produced as a lateral

bud. The proembryonic branches of CharacecR^ one of the means
-of vegetative reproduction already referred to, are so called because
they repeat the characters of the proembryo.

Before leaving the ChZorop'hyceiB, it should he mentioned that
the genus Volvox has been included by some zoolomsts (Butschli,

^ example) among Flagellaia ; on the other hand, certain green
Mageilaia^ such as Euglma^ are included by some botanists (for

Example, van Tieghem) among unicellular plants. A similar

uncertainty exists with reference to certain groups of PkaophyLCos^
and the matter will thus arise again.

3. Phjsophyce-e.^—

T

he PkoBOphycece are distinguished by the
possession of a brown colouring matter, pliycophsein, in addi-
tion to chlorojihyll. They consist of the following groups :

—

Fucaaece, Phceosporecc^ Dictyotaceca, Gryptonionadacccc, Fet’idinacecc,

and DiatoinacecG, Of these the first three include multicellular

plants, some of them of great size ;
the last three are uni-

cellular organisms, with little in common with the rest except-
ing the possession of a brown colouring matter. Fucacece and
FftoBosporecG are doubtless closely allied, and to these DtUyotaceon
may be joined, though the relationship is less close. They consti-

tute the Fiiph(eophycecB, and will be dealt with in the first place.

Euphaophycece are almost exclusively marine, growing on rocks
and stones on the coast, or epiphytic upon other Algae. In tidal

seas they range from the limits of high water to some distance
beyond the low-water line. On the British coasts zones are

observable in passing from high- to low-water mark, characterized

hy the prevalence of different species, thus :

—

Pelvetia canalicu-

lata, Fucils platycarpus^ Fucus vesiciUosus, AsGOphyllwn %odosum,
Fucus serratus, Laminana digitata. Some species are minute
filamentous plants, requiring the microscope for their detection

;

others, like Zessonidj are of considerable bulk
;
or, like Macro-

cystiSf of enormous length. In FutcacecBt Dictyotaceos^ and Laiiii-

nariacem and SphacGlariacecBi among PluGOsporem^ the thallus

consists of a true parenchyma; elsewhere it consists of free

filaments, or filaments so compacted together, as in Cutleriacerc

and Desmarestiacece, as to form a lalse paienchyma. In Fucacece

and Laminariacece the inner tissue is differentiated into a con-

ducting system. In LaminariaGece the inflation of the ends of

conducting cells gives rise to the so-called trumpet-hyphse. In
Nereocystis and Mdcrocystis a zone of tubes occurs, which present

the appearance of sieve-tubes even to the eventual obliteration of

the perforations by a callus. While there is a general tendency

in the group to mucilaginous degeneration of the cell-wall, in

Laminaria digitata there are also glands secreting a plentiful

mucilage. Secondary growth in thickness is effected by the

tangential division of superficial cells. The most fundamental
external differentiation is into holdfast and shoot. In Lami-
nariacece secondary cylindrical props arise obliquely from the base

of the thallus. In epiphytic forms the rhizoids ot the ej)iphyte

often penetrate into the tissue of the host, and certain epiphytes

are not known to occur excepting in connexion with a certain

host ; but to what extent, if any, there is a partial parasitism in

these cases has not been ascertained. In filamentous forms there

is a differentiation into branches of limited and branches of un-

limited growth {Sphacelaria). In Laminariacex there is a dis-

tinction of stipe and blade. The blade is centrally -ribbed in

Alaria and laterally -ribbed in Macrocxjstis. It is among the

SargassacecB that the greatest amount of external differentiation,

rivalling that of the higher leafy plants, is reached. A charac-

teristic feature of the more massive species is the occurrence of

air-ve&icles in their tissues. In Fucus vesiculosus they arise in

lateral pairs
;
in AscopJiyllum they are single and median ; in

Macrocystis one vesicle arises at the base of each thallus segment

;

in Sargassum and Salidrys the vesicles arise on special branches.

They serve to buoy up the plant when attached to the sea-bottom,

and thus light is admitted into the forest-like growths of the gre-

garious species. When such plants are detached they are enabled

to float for great distances, and the great Sargasso Sea of the North

Atlantic Ocean is probably only renewed by the constant addition

of plants detached from the shores ot the Caribbean Sea and Gulf

of Mexico.
.

Growth in length is effected in a variety of ways. In Jhetyota,

SpTiacelariacecef and Fucacece there is a definite apical cell. In

the first it is a biconvex lens, from which segments are continually

cut off parallel to the posterior surface ;
and in the second an

elongated dome, from which segments are cut off hy a transverse

wall. While, however, in JDictyota the product of the subsequent

division in the segment enlarges with each subdivision, the divi-

sions in the cylindrical segment of Ephacelariacece are such that

the whole product after subdivision, however many cells it may
consist of, does not exceed in bulk the segment as cut off from

the apical cell. In Dictyotaceoe the apical cell occasionally divides

^ Phaeophyceae include :

—

1. CydosporiTLOB {Fuceuxoe)—4: families, 32 genera, 34/ species.

2. TetrasporiTKB {Dictyotcccece)—! family, 17_ genera, 130 species.

3. Phceozoo^orinece {Phceo^orece)—24 tamilies, 143 genera, 571

species.
{De Toni's Sylloge AlgarumJ)

4. Peridmiedes—^ families, 32 genera, 167 species.

5. OryptmnowjudacecB (including Chrysem^mdemm^^'d frmilias, ZS

mera, 50-60 species.
, .

6. JBadUariales (LHatoiiuicece)—about 150 genera, and 5000 speciesi

fossil and recent.
(Engler and Ihrantl’s Pflaris^faemd^^*)
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longitudinally, and thus the dichotomous branching is provided

for. In some Sphofcdariojccce branches may appear at their incep-

tion as lateral protuberances of the apical cell itself. In Fucaccm

an apical cell is situate at the surface of the thallus in a slit-like

depression at the apex. From this cell segments are cut off in

three or four lateral oblique planes.

A peculiar manner of gro’ivth in length is that to which the

term trichothallic has been applied. It may readily be observed

that in the hair-like branches of jEIctocarpaceco^ the point at which

most rapid division occurs is situate near the base of the hair.

In DesTmrestia and Arthrooladia, for example, it is found that

the thallus ends in a tuft of such hairs, each of them growing by

means of an intercalated growing point. In these cases, however,

the portions of the hairs behind the growing region become

agglutinated together into a solid cylindrical pseudo-parenchy-

matous axis. In Outleria the laminated thallus is formed in the

same way. The intercalated growing region of Laminaria affords

an example of another variety of growth in PIiccophycecG. While
the laminated portion of the thallus is being gradually worn off

in our latitudes during the autumnal storms, a vigorous new
growth appears at the junction of the stipe and the blade, as the

result of which a new piece is added to the stipe and the lamina

entirely renovated.

Both asexual and sexual reproduction occur among Bnphceo-

phyoem. Fumceoe are marked by an entire absence of the asexual

method. The sexual organs—oogonia and antheridia—are borne

on special portions of the thallus iu cavities known as conceptacles.

Both organs may occur in one conoeptacle, as in Felvetia^ or each

may be confined to one eonceptacle or even one plant, as in Fucv,%

VBsiculosus. The oogonia arise on a stalk cell from the lining

layer of the cavity, the contents dividing to form
^

eight

oospheres as in Fmas, four as in Ascophyllum, two as in Fel-

mtia, or one only as in Halidrys. It would seem that eight

nuclei primarily arise iu all Fucacece^ and that a number cor-

responding to the number of oospheres subsequently formed is

reserved, the rest being discharged to the periphery, where they
may be detected at a late stage. On the maturation of the
oospheres the outer layer of the oogonial wall ruptures, and the

oospheres, still surrounded by a middle and inner layer, pass out
through the mouth of the eonceptacle. Then usually these

layers successively give way, and the spherical naked oospheres

float free in the water. The antheridia, which arise in the con-

ceptacular cavity as special cells of branched filaments, are

similarly discharged whole, the antherozoids only escaping when
the antheridia are clear of the eonceptacle. The antherozoids are

attracted to the oospheres, round each of which they swarm in

great numbers. Suddenly the attraction ceases, and the oosphere
io fertilized, probably at that moment, by the entry of a single

autherozoid into the substance of the oosphere
;
a cell - wall is

formed thereupon, in some cases in so short an interval as five

minutes. Remarkable changes of size and outline of the oosphere
have recently been described as accompanying fertilization in Sali-
drys. Probably the act of fertilization in plants has nowhere been
observed in such detail as in Fucacece, IHctyotaceoB resemble Fih
cacecR in their pronounced oogamy. They differ, however, in being
also asexually reproduced. The asexual cells are immotile spores
arising in fours in sporangia from superficial cells of the thallus.

In Dikyota the oospneres arise singly in oogonia, crowded together
in sori on the surface of the female plant. The antheridia have
a similar origin and grouping on the male plant. Until the recent
discovery by Williams of motility, by means of a single ciUum,
of the antherozoids of Dictyota and Taonia, they were believed
to be immotile bodies, like the male cells of red seaweeds. In
Lictyota the unfertilized oosphere is found to be capable of under-
going a limited number of divisions, but the body thus formed
appears to atrophy sooner or later.

Of the small family of the Tilopteridacece our knowledge is as
yet inadequate, but they probably present the only case of pro-
nounced oogamy among Fhceosporece. They are filamentous forms,
exhibiting, however, a tendency to division in more than one
plane, even in the vegetative parts. The discovery by Brebner
of the specific identity of Saplospora ylohosa and ScapJiospora
speciosa marks an important step in the advance of our knowledge
of the group. Three kinds of reproductive organs are known

:

first, sporangia, which each give rise to a single tetra-, or multi-
nucleate non-motile, probably asexual spore

; second, pluriloculax
sporangia, which are probably antheridia, generating antherozoids

;

and third, sporangia, which are probably oogonia, giving rise to
single uninucleate non-motile oospheres. FTo process of fertiliza-

tion has as yet been observed.

The GwtUriacefz exhibit a heterogamy in which the female
sexual cell is not highly specialized, as it is in the groups already
described. From each loQule of a plurilocular sporangium there
is set free an oosphere, which, being furnished with a pair of
ciSUa, swarms for a time. In similar organs on separate plants

,
the rsiuch smaller antherozoids arise. Fertilization has been*
ol^serred at Naples ; but it apparently depends on climatic con-
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ditions, as at Plymouth the oospheres have been observed to ger-
minate parthenogenetically. The asexual organs in the case of
Outleria multifida arise on a crustaceous form, Aglaozonia reptans,
formerly considered to be a distinct species. They are unilocular,
each producing a small number of zoospores.

The possession of two kinds of reproductive organs, unilocular
and plurilocular sporangia, is general among the rest of the
Fhemsponoe. Bornet, however, called attention in 1871 to the
fact that two kinds of plurilocular sporangia occurred in certain
species of the genus Fetoearpus—somewhat transparent organs of
an orange tint producing small zoospores, and also more opaque
organs of a darker colour producing relatively larger zoospores.
On the discovery of another such species by Buffham, Batteis
in 1892 separated the three species, Fctocatpus secundus, F.
fenestratus^ F, Lelelii^ together with the new species, into a
genus, Giffordia^ characterized by the possession of two kinds of
plurilocular sporangia. The suspicion that a distinction of sex
accompanied this difference of structure has been justified by the
discovery by Sauvageau of undoubted fertilization in Giffordia
secunda and G. fenestrata. The conjugation of similar gametes,
arising from distinct plurilocular sporangia, uas observed by
Berthold in Fctocarpus siliculosus and Scytosiplion lomentarius-
in 1880 ; and these observations have been recently confirmed in
the case of the former species by Sauvageau, and in the case of
the latter by Kuckuck. In these cases, however, the potential
gametes may, failing conjugation, germinate directly, like the
zoospores derived from unilocular sporangia. The assertion of
Areschoug that conjugation occurs among zoospores derived from
unilocular sporangia, in the case of Dictyosiphon Jiippwroides,

is no doubt to be ascribed to error of observation. It would thus
seem that the explanation of the existence of two kinds of
sporangia, unilocular and plurilocular, among Fhceosporece^ lies in

the fact that unilocular sporangia are for asexual reproduction,
and that plurilocular sporangia are gametangia—potential or real.

It must, however, be remembered that so important a generaliza-

tion is as yet supported upon a somewhat narrow base of observ’a-

tion. Moreover, for the important family of the Laminariaeeoe
only unilocular sporangia are known to occur

;
and for many

species of other families, only one or other kind, and in some
cases neither kind, has hitherto been observed. The four species

—

Fctocarpus siliculosus, Giffordia secunda, Outleria multijida, and
JECaplospora globosa—^may be taken to represent, within the Fkceo-

sporece, successive steps in the advance from isogamy to oogamy.
The PeridiniacecB have been included among Flagellata under

the title of Dinoflagellata, The majority of the species belong
to the sea, but many are found in freshwater. The thallus is

somewhat spherical and unicellular, exhibiting a distinction

between anterior and posterior extremities, and dorsal and ventral

surfaces. The wall consists of a basis of cellulose, and in some
cases readily breaks up into a definite number of plates, fitting

into another like the plates of the carapace of a tortoise
;

it is,

moreover, often finely sculptured or coarsely ridged and flanged.

Two grooves are a constant feature of the family, one running
transversely and another longitudinally. In these grooves lie

two cilia, attached at the point of meeting on the dorsal surface.

The protoplast is uninucleate and vacuolate, and contains

chromatophores of a brownish colour. It is not clear that the

brown colouring matter which is added to chlorophyll is identical

with phycophsein
;
two varieties of it have been termed phyco-

pyrrin and peridinine. Certain species, such as Gymnodinium
spirale, are colourless and therefore saprophytic in their method
of nutrition. Multiplication takes place in some cases by the

endogenous formation of zoospores, the organism having come
to rest

;
in others by longitudinal division, when the organism is

still motile. No method of sexual reproduction is known with
certainty.

The Oryptomonadacece also are unicellular, and live free or in

colonies. Each cell contains a flattened chromatophore of a

brown or yellow colour. Eydrurus forms a branched gelatinous

colony attached to stones in monntain streams. Chro7)iophyton

form an eight -celled colony. Both plants multiply solely by
means of zoospores. The Oryptomonadece and Ohromulineoe are

motile through the ^eater part of their life, Cryptomonas, vhen
dividing in a mucilage after enoystment, recalls the condition

in Gloeocystis. In Synura and OhromuUna the cells form a

spherical motile colony, recalling Volvocaceoe. OhromuUna
is uniciliate and is contained in a hyaline capsule. Like the

Feridiniacece, the CTyptomonadacece have been included among
Flagellata, They have no close affinity with Fuphoeophycecc,

Such colonial forms as Hydrurus and Fhceocystis are supposed,

however, to indicate a stage in the passage to the multicellular

condition.

IHcdomcccece have long been recognized as plants. Together-

with Feridiniacece they constitute the bulk of marine plankton,

and thus play an important part in the support of marine animal
• life. They exhibit striking adaptations in these circumstances-

the floating habit. (See Diatomace.®, ninth ed.)
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4^ Rhodophtce^, or FLOEiPEis.^—The members of this group

are characterized by the possession of a red colouring-matter,

phycoerythrin, in addition to chlorophyll. There is, however, a

considerable amount of difference in the shades of red which mark
different species. The brightest belongs to those species which

grow near low-water mark, or under the shade of larger Algae at

higher levels; species which grow near high-water mark are

usually of so dark a hue that they are easily mistaken for brown
seaweeds. Bhodophyccoc are mostly marine, but not exclusively

so. Thorea, L&mcmca^ Tuomeya^ Stemcladia, Bcbtrachospermum,,

BalUaiiia, are genera belonging entirely to fresh water; and
Bangia, ChaTitTansia, Oaloglossa, Bostrychia, and Belesseria

contain each one or more fresh-water species. Most of the larger

species of marine MTiodophycece are attached by means of a disc

to rocks, stones, or shells. Many are epiphytic on other Alg^e,

more especially the larger Fhceophycece and Mhodophycece. As
in the case of epiphytic brown seaweeds, the rhizoids of the

epiphyte often penetrate the substance of the supporting Alga.

Some Red Algse find a home in the gelatinous substance of Blustra,

Alcyonidium, and other polyzoa, only emerging for the forma-

tion of the reproductive organs. Some are perforating Algae and
burrow into the substance of molluscan shells, in company with
certain Green and Blue-green Algse. Some species belonging to

the families JSquamaHacece and Corallinacece grow attached

through their whole length and breadth, and are often encrusted

•with lime. The forms which grow away from the substratum

vary greatly in external configuration. In point of size the

largest cannot rival the larger Brown Algae, while the majority

require the aid of the microscope for their investigation.

No unicellular BhodopJiyceoe are known, although a flagellate

organism, Rhodomonas, has recently been described as possessed

of the same red colouring-matter. If the sub-group, BmigmceoSy

be excluded, they may be said to consist exclusively of

branched filaments. Growth in these cases takes place by means
of an apical cell, from which successive segments are cut off by
means of a transverse wall. The segment so cut off does not
usually divide again by means of a transverse wall, nor indeed

by a longitudinal wall which passes through the organic axis

of the cell. New cells may be cut off laterally, which become
the apical cells of branches, When the new cells grow no
further, but constitute a palisading round the central cell

covering its whole length, the condition is reached which
characterizes the species of Polysiphonia, the “siphons^* of

which may be regarded as one-celled branches. To the law that

no subsequent transverse division takes place in segments cut
off from the apical cell, there seem to be two exceptions ; first,

the calcareous genus CoralUna^ in the pliable joints of which
intercalated division occurs

;
and, second, the Nitophyllem, in

which, moreover, median longitudinal division of axial cells is

said to occur. Like the Fungi, therefore, the Red Algje consist

for the most part of branched filaments, even where the thallus

appears massive to the eye, and, as in the case of Fungi, this fact

is not inconsistent with a great variety of external morphology.
In the great majority the thallus is obviously filamentous, as in
some species of Ccdlithamnion, In other species of that genus
an apparent cortication arises by the downward growth of

rhizoids, which are retained within the gelatinous wall of the
axial cells. In Batrachospermum the whole system of branches
are retained within a diffluent gelatinous substance derived from
the outer layers of the cell-walls. In other cases the mucilage is

denser and the branches more closely compacted {BCehMnthora).
In such cases as Lcnmnea^ the terminal cells of the lateral

branches form a superficial layer which has all the appearance
of a parenchyma when viewed from the surface. In Champia
and allied genera, the cylindrical axis is due not to the deriva-
tives of one axial filament, but of several, the growth of which
is co-ordinated to form a septated tube. The branching of the
thallus, whichmeetstheeye in all these cases, isdueto the unlimited
growth of a few branches. When such a lateral branch over-
tops the main axis whose growth has become limited, as in Bloca-
mium and JDasya^ a sympodium is formed. For the most part the
branching is monopodiaL Besides the differentiation into holdfast
and shoot, and into branches of limited and branches of unlimited
growth, there appear superficial structures of the nature of hairs.

These are for the most part long, thin-walled, unicellular, and
•colourless, and arise from the outer cells of the pseudo-cortex,
or from the terminal cells of branches when the filaments are
free. AmAng Rhodomelacecs^ hair-like structures of a higher
order are known. These arise from the axial cell, and are multi-
cellular and branched. They soon fall off, and it is from the

^ These include t—
1. Bunguwcce—4 families, 9 genera, 58 species.

2. NemdvmiTm—4 families, 33 genera, 343 species.

8. QigaHininece—3 families, 54 genera, 409 species.

4. —4 families, 92 genera^ 602 species.

(Be Toni's SyUoge Algarum,)
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persistent basal cell that the branches of unlimited growth arise.

Upon them also the reproductive organs arise in this family. It
is not surprising, therefore, that they have been regarded as the
radiments of leaves. In Iridcsa the thallus is au entire lamina

;

in CallopkylUs a lobed lamina
;
in Dehsseria it is provided with

midrib and veins, simulating the appearance of a leaf of the
higher plants

; in Constant inea the axis remains cylindiical, and
the lateral branches assume the form of leaves. In the compact
thalli a secondary development often takes place by the growth
of rliizoid-like internal filaments. They present a hypha-like
appearance, running longitudinally for considerable distances.

It is not difficult in such compact species to distinguish between
superficial cells, whose chief function is assimilation, subjacent
cells charged 'with reserve material, and a core of tissue engaged
in the convection of elaborated material from pait to part.

An interesting feature of tlie minute anatomy of JEufloridece,

as the Red Algse, exclusive of the Bangiacece, have been
termed, is tlie existence of the so-called Floridean pit. When
a cell divides it is found that there remains in the middle
of the new wall a single large circular pit, w^hich persists
throughout the life of the cells, becoming more and more con-
spicuous w ith the progress of the thickening of the wall. These
pits serve to indicate the genetic relationship of adjacent cells,

when they form a compact pseudo-parenchyma, notwithstanding
the fact that somewhat smaller secondary pits appear later

between any contiguous cells. Protoplasmic continuity has been
observed in the delicate membrane closing the pit.

Vegetative multiplication occurs only sparingly in RhodopJiyccce.

Melohesia callithwmnioides gives rise to multicellular propagula

;

Gh'iJUhsia corallma is said to give rise to new individuals, by
detaching portions of the thallus from the base of which new
attachment organs have already aiisen. The spores of Mono-
spom axe by some regarded as unicellular propagula. Repro-
duction is both asexual and sexual. It is noteworthy that
although all the members of the group are aquatic no zoospores
are produced, a negative character common to them and the Blue-
green Algse. As a rule the asexual cells and the male and female
sexnal cells arise upon different plants, so that the si)ecies may
be said to be trioecious. Numerous exceptions, however, occur.

Thus iu LenKmeacccB asexual spores are unknown
; in Batracho-

spermum, Bonmniaisonia, and Polysiphonia byssoides both kinds
of sexual cells appear on the same plant

;
and in some cases

the asexual cells may occur in conjunction with either the male
or female sexual cells. The asexual cells are termed tetraspores

on account of the usual occurrence of four in each sporangium.
What may be termed monospores, bispores, and octospores,

however, are not unknown. The sporangia may be terminal or
intercalated. When they are confined to special branches, such
branches are spoken of as stichidia. The tetraspoies may ariibe

by the simultaneous division of the contents of a sporangium,
when they are arranged tetraliedrally, or they may arise by
two successive divisions, in w'hich case the arrangement may
be zonate when the spores are in a row, or cruciate when the
second divisions are at right angles to -the first, or tetrahedral

when the second divisions are at right angles to the first and
also to one another. Tetraspores aie at first naked, but soon
acquire a cell-wall and germinate without a period of rest. The
male sexual cells are produced singly in the terminal cells of

branches. They are spoken of as spennatia. Great numbers of

antheridia are usually crowded together, when the part is

distinguishable by the absence of the usual red colour. In
Bolysiphonia thej' cover the joints of the so-called leaves

;
in

Chondria they arise on flattened discs
; in the more massive forms

they arise in patches on the ordinary surface
;
in a few cases

{Gfraoilaria, Corallina, Galaataitra) they lino the vs’alls of
conceptacle-like depressions. The female sexnal cell is repre-

sented by the contents of a cell which is terminal on ordinary

or specialized branches. This is the earpogonium ; it consists

of a ventral portion which contains a nucleus, but in which no
oosphere is differentiated, and an elongated tubular portion known
as the trichogyne, into which the eytoxfiasm extends. Fertilization

is effected by the passive convection of a spermatium from the an-

therxdium to the trichogyne, to which it adheres, and to which it

passes over its nucleus through an 6pen communication set up at

the point of contact. The nucleus then passes down the tricho-

gyne and fuses with that of the egg. This fusion has been
observed by Wille in Nemalion multijidim, and by Schmidle in

Bat/rachospeTTmxm. It is singular that in the last-named species

two nuclei occur regularly in the spermatium. The ventral por-

tion of the earpogonium may he imbedded deep in the thallus in

the massive species
;
the trichogyne, however, always reaches the

surface. The first effect of fertilization is the occlusion of the

trichogyne from the fertilized earpogonium. The subsequent*

course of development is characteristic of the Morid&oe- The
earpogonium germinates forthwith, drawing its nourishment

almost wholly from the parent plant. The ultimate product

in all eases is a number of carpospores, but before this stage
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is reached the development is different in different sub-groups.

In Batrachospermum filaments arise from the carpogonium on

all sides ; in ChantTa/nsia and 8(J^n<x>ictl on one side only ; in

Hdnimthora the filaments are enclosed in a dense mucilage ; in

N^emalwn, prior to the formation of the filaments, a sterile

segment is cut off below. In all these cases, however, the end-

ceiis of the filaments each give rise to_ a carpospore, and the

acro-regate of such sporiferous filaments is a cystocarp. Again,

in 'the family of the Gelidiace^, the single filament arising from

the carpogonium grows back into the tissue and preys upon the

cells of the axis and larger branches, after which the end-cells

give rise to carpospores and a diffused cystocarp is formed. In

the whole group of the Grijptonenviales the parasitism becomes

more marked still. The filaments arising from the carpogonia

grow into long thin tubes, which fuse with special cells rich in

protoplasm contents
;
and from these points issue isolated tufts

of sporogenous filaments, several of which may form the product

of one fertilized female cell. In iVaccaria, one of the Gdid%c^tcBi

it is observable that the ooblastema filament, as the tube arising

from the fertilized carpogonium has been called, fuses completely

with a cell contiguous to the carpogonium before giving rise to

the foraging filaments already referred to. This is also the case

among Cryptonemiales. In a whole series of Red Algae, the

existence of a highly-specialized auxiliary ceil in the neighbour-

hood of the carpogonium is a characteristic feature. In the

G%gartinales it is already differentiated previous to fertilization ;

in Ehodymeniahs it arises subsequent to fertilization.
^
In the

G%garhnales, the filaments which arise from the auxiliary cell

may spread and give rise to isolated tufts of sporogenous

filaments, as in the Cryptonemiales. In the BhodyTnemales a

single tuft arises directly from the auxiliary cell. The earpo-

spores are in all cases bright red naked masses of protoplasm

when first discharged. They soon acquire a cell-wall, and
germinate without a period of rest. When the cystocarps or

segments of cystocarps are formed in the substance of a thallus,

the site is marked merely by a swelling of the substance. When
the cystocarp is produced externally, it may form a herry-like

mass without an envelope, in which case it is known as a favella.

In Mhodomlaceoe there is a special urn-shaped envelope sur-

rounding the sporogenous filaments. This is a ceramidium.

The attachment of the cell of an ooblastema filament to a

cell of the thallus may be effected by means of a minute pore,

or the two cells may fuse their contents into one protoplasmic

mass. In the latter case, and especially where the union is with
a special auxiliary cell, it is of importance to know what
happens to the nuclei of the fusing cells. Schmitz was of

opinion that m the cases of open union there occurred a fusion

of nuclei similar to that which occurs in the sexual union of two
cells. He founded his generalization to a large extent upon the

observation that in Glceosiphonia capiUaris two cells completely

fuse, and that only one nucleus can he detected in the fused mass.

Oltmanns has recently reinvestigated the pheno-

mena in this plant, among others, and has shown
that the nucleus of the cell which is being preyed

upon recedes to the wall and gradually atrophies.

The nucleus of the ooblastema filament domi-
nates the mass, and from it all the nuclei of the

carpospores are thus derived. There thus seems
to he no justification for believing, as Schmitz
taught, that a second sexual act occurs in the

life-cycle of these Floridece.

The Banq%ales are a relatively small group of

Red Algas, to which much of the description now
given does not apply. Structurally they are

either a plate of cells, as in Porphyra, or fila-

ments, s^^iuxBangia. 4‘here is no exclusive apical

growth, and the cells divide in all directions.

The characteristic pit is also absent. Sexual and
asexual reproduction prevail. The male cell is a
spermatium, hut the female cell hears no such
receptive trichogyne as occurs in other Ehodo-
phycece. After fertilization the equivalent of the
oospore divides directly to form a group of carpospores. There
is thus a certain resemblance to Bufloridece, but sufficient

difference to necessitate their being grouped apart. Fertilization

by means of non-motile spermatia and a trichogyne are known
among the Fungi in the families Oollemaceoe and Ldboulbeniaceoe.

After this survey of the four groups comprised under
Algae, it is easier to indicate the variations in the limits

of the class as defined by different authorities.

To consider the CymiopkycecB first, either the

marked contrast in the method of nutrition of

the generally colourless Ba^termcem to that of the hlue-

green Cyanophycem is regarded as sufficient ground

for excluding Bdcteriacece from Algae altogether, notwith-

standing their acknowledged morphological affinity with
CyaTiopkyceoe, or, in recognition of the incongruity of

effecting such a separation, the whole group of the

Schizophyta—that is to say, the Gyanophycece in the
narrow sense, together with BacteriacecB^ is included or

excluded together. Again, while Conjugatoe may be
shut out from Ohlorc^hycece as an independent group
co-ordinate with them in rank, the Characece constitute

so aberrant a group that it has even been proposed to

raise them as Charophyta to the dignity of a main
division co-ordinate with Thallophyta, Similarly, while

DiatomacecB may be excluded from among PhcBophycece,

though retained among Algse, the Gryptomonadaeece and
Peridiniacece, like Euglena and other ChlorophycecB, may be

excluded from Thallophyta and ranged among the Flagel-

late Protozoa. (See Pjbotozoa.) It is doubtful, however,

whether the conventional distinction between plants and
animals will continue to be urged ; and the suggestion of

Haeckel that a class Protista should be established to receive

the forms exhibiting both animal and plant affinities has

much to recommend it on phylogenetic grounds. To
adopt a figure, it is probable that the sources from which

the two streams of life—animal and vegetable—spring

may not be separable by a well-defined watershed at all,

but consist of a great level upland, in which the water-

ways anastomose. Finally, while Ghlorophyceoe and Phoso-

phycecB exhibit important affinities, the Phodophyceoe are so

distinct that the term Algae cannot be made to include

them, except when used in its widest sense.

It has been well said that the attempt to classify plants

according to their natural affinities is an attempt to con-

struct for them the genealogical tree by which

their relationships can be traced. Algae are,

however, so heterogeneous a class, of which the constituent

groups are so inadequately known, that it is at present

futile to endeavour thus to exhibit their pedigree. A
synoptical representation of the present state of know-

ledge would be expressed by a network rather than by a

tree. The following table is an adaptation of a scheme

devised by Klebs, and indicates the inter-relationships of

Protozoa Peridiniacocc IJiatomaceoe

l^CryptomoTvadaceae—Hydrurcbceoe—EuPHiEOPHYCE-ffi

Flagellcuta y
pTotommtigina . . .! \...Bactermcece Thoreacece

I

Cyanophtce-e
I
..BangicLceoe-—'Ex floridly

Fugierwz

ChloroTnoTtadince

VolvQcaceoB

Pleurococcaceo&^Endosphceraceoe

Tetra>sporaceoe- Uhaceoe-

'''CONJUGAliE .SiPHOXALES

-CONFGIIVALES 1 .. . ..CKARACEiE

Umits of
the Algse.

I
V

FtJNGfl BrYOPHYI’A

the various constituent groups. The area included in the

thick boundary line represents Algae in the widest sense

in which the term is used, and the four included areas

the four main subdivisions. A continuous line indicates a

close affinity, and a dotted line a doubtful relationship.

In comparing Algae with the great Archegoniate series

which has doubtless sprung from them, it is natural to

inquire to what extent, if any, they present evi-

dence of the existence of the marked alternation

of generations which dominates the life-history

of the higher plants. Turning first to the

Rhodophycece, both on account of the high place which
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they occupy among Algse and also the remarkable uni-

formity in their reproductive processes, it is clear that, as

is the case among Archegoniatce, the product of the sexual

act never germinates directly into a plant which gives

rise to the sexual organs. Even among BangiacecB the

carpospores arise from the fertilized cell by division, while

in all other Rhodophycece the oospore, as it may be

called, gives rise to a filamentous structure, varying greatly

in its dimensions, epiphytic, and to a large extent parasitic

upon the egg-bearing parent plant, and in the end giving

rise to carpospores in the terminal cells of certain branches.

There is here obviously a certain parallelism with the case

of Bryophyta, where the sporogonium arising from the

oospore is epiphytic and partially parasitic upon the female

plant, and always culminates in the production of spores.

Not even Ricda^ with its rudimentary sporogonium, has so

simple a corresponding stage as Bangia^ for, while there is

some amount of sterile tissue in Ricciaj in Bangia the

oospore completely divides to form carpospores. Excluding

Bangiacece^ however, from consideration, the Eujiaridece

present in the product of the development of the oospore

like Bryophyta a structure partly sterile and partly fertile.

There is, nevertheless, this important difference between

the two cases. While the spore of Bryophyta on germi-

nation gives rise to the sexual plant, the carpospore of the

Alga may give rise on germination to a plant bearing a

second sort of asexual cells, viz., the tetraspores, and the

sexual plant may only be reached after a series of such

plants have been successively generated. It is possible,

however, that the tetraspore formation should be regarded

as comparable with the prolific vegetative reproduction of

Bryophyta^ and in favour of this view there is the fact

that the tetraspores originate on the thallus in a different

way from carpospores with which the spores of Bryophyta
are in the first place to be compared ; moreover, in certain

Rermlionales the production of tetraspores does not occur, 1

and the difficulty referred to does not arise in such cases.

Altogether, it is difficult to resist the conclusion that

Flmddeoe present in a modified form the same fundamental

phenomenon of alternation of generations as prevails in the

higher plants. Among PhcBcphycece it is well known that

the oospore of Fucacece germinates directly into the sexual

plant, and there is thus only one generation. Moreover, it is

known that the reduction in the number of chromosomes
which occurs at the initiation of the gametophyte generation

in Pteridophyta occurs in the culminating stage of FucuSy

where the oogonium is separated from the stalk-cell, so that,

unless it be contended that the Fucm is really a sporophyte

which does not produce spores, and that the gametophyte
is represented merely by the oogonium and antheridium,

there is no semblance of alternation of generation in this

case. The only case among Phceophyceae which has been
considered to point to the existence of such a phenomenon
is CutlerioL Here the asexual cells are borne upon the

so-called Aglaozonia reptans and the sexual cells upon the

plants known as Cutleria, The spores of the Aglaozonia
form are known to give rise to sexual plants, and the
oospore of Gutleria has been observed to grow into

rudimentary Aglaozonia. It is probable, however, that
there is nothing more here than strongly contrasted

growth-forms. Among Chlorophyceoe^ it is often the case

that the oospore on germination divides up directly to
form a brood of zoospores. In ColeochcBte^ this seems to
be preceded by the formation of a minute parenchymatous
mass, in each cell of which a zoospore is produced. In
Bphasroplea^ it is only at this stage that zoospores are
formed at all; but in most cases, such as (Ed^gonium^
Ulothrixj ColeochcBte, similar zoospores are produced again
and again upon the thallus, and the product of the oospore
may be regarded as merely a first brood of a series. It

has been held by some, however, that the first brood
corresponds to the sporophyte generation of the higher
plants, and that the rest of the cycle is the gametophyte
generation. Were the case of Sphoeroplea to stand alone,

the phenomenon might perhaps be regarded as an alter-

nation of generations, but still only comparable with
the case of Bangia^ and not the case of the FloridecB.

But it is difficult to apply such a term at all to those

cases in which there intervene between the oospore and
the next sexual stage a series of generations, the zoospores
of which are all precisely similar.

The difficulty of tracing the relationships of Algae is

largely due to the inadequacy of our knowledge ot the

conditions under which they pass through the

critical stages of their life-cycle. Of the thou-

sands of species which have been distinguished,

relatively few have been traced from spore to spore, as

the flowering plants have been observed from seed to seed.

The aquatic habit of most of the species and the minute

size of many of them are difficulties which do not exist

in the case of most seed-plants. From the analogy of

the higher plants observers have justly argued that when
they have seen and marked the characters of the repro-

ductive organs they have found the plant at the stage

when it exhibits its most noteworthy features, and they

have named and classified the species in accordance with
these observations. While even in such cases it is obvious

that interesting stages in the life of the plant may escape

notice altogether, in the cases of those plants the repro-

duction of which is unknown, and which have been named
and placed on the analogy of the vegetative parts alone,

there is considerable danger that a plant may be named as

a distinct species which is only a stage in the life of

i

another distinct and perhaps already known species. To
take an example, Lenmnea and Batrachospermum are

FloridecB which bear densely-whorled branches, but which,

on the germination of the carpospore, give rise to a laxly-

filamentous, somewhat irregularly branched plant, from

which the ordinary sexual plants arise at a later stage.

This filamentous structure has been attributed to the

genus Chantransia, which it greatly resembles, especially

when, as is said to be the case in Batrachospermum^ it

bears similar monospores. The true Ckantransia^ how-

ever, bears its own sexual organs as well as monospores.

To the specific identity of Haplospora glohosa and Scapho-

spora speciosa^ and of Cutleria mvltijida and Aglaozonia

reptans^ reference has already been made. Again, many
Green Algae — some unicellular, like Sphaerella and
Chlamydomonas

;

some colonial forms, like Yolvox and
HoTTnotila; some even filamentous forms, like Ulothrix

and Stigeoclonium—are known to pass into a condition

resembling that of a Palmella^ and might escape identifi-

cation on this account.

It is, on the other hand, a danger in the opposite sense

to conclude that all Chantransia species are stages in

the life-cycle of other plants, and, similarly, that all

irregular colonial forms, like Palmella, represent phases

in the life of other Green Algae. Long ago, Kutzing went

so far as to express the belief that the lower Algae were all

capable of transformations into higher forms, even into

moss-protonemata. Later writers have also thought that

in all four groups of Algae transformations of a most

far-reaching character occur. Thus Borzi finds that

Protoderma viride passes through a series of changes so

varied that at different times it presents the characters of

twelve different genera. Chodat does not find so general

a polymorphism, but nevertheless holds that Raphidium

passes through stages represented by Protococcus^ Char-

acium^ Bacbylococms^ and SdoMum. Klebs has, however,

recently canvassed the conclusions of both these investi-
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gators
;
and as the result of Hs own observations declares

that Algae, so far from being as polymorphic as they have

been described, vary only within relatively narrow limits,

and present on the whole as great fixity as the higher

plants. It certainly supports his view to discover, on

subjecting to a careful investigation Botrydium grwnu-

latvm, a Siphonaceous Alga whose varied forms had been

described by Eostafinski and Woronin, that these authors

had included in the life-cycle, stages of a second Alga

described previously by Kiitzing, and now described afresh

by Klebs as Brotosiphon hotryoides. In Botrydium the

chromatophores are small, without pyrenoids, and oil-drops

are present; in Protosiphon the chromatophores form a net-

work with pyrenoids, and the contents include starch.

Klebs insists that the only solution of such problems is

the subjection of the Algse in question to a rigorous

method of pure culture. It is interesting to learn that

Senn, pursuing the methods described by Klebs, has con-

firmed Ohodafs observation of the passage of Eaphidium
into a i)ac<y^ococcws-stage,althoughhe was unable to observe

further metamorphosis. He has also seen Pleurococms

mridis dividing so as to form a filament, but has not

succeeded in seeing the formation of zoospores as described

by Chodat, While, therefore, there is much evidence of a

negative character against the existence of an extensive

polymorphism among Algae, some amount of metamor-

phosis is known to occur. But until the conditions

under which a particular transformation takes place have

been ascertained and described, so that the observation

may be repeated by other investigators, scant credence is

likely to be given to the more extreme polymorphistic

views.

In comparison with the higher plants. Algae exhibit so

much simplicity of structure, while the conditions under

which they grow are so much more readily

controlled, that they have frequently been the

subject of physiological investigation with a view

chiefly to the application of the results to the study of the

higher plants. (See Physiology of Plants). In the

literature of vegetable physiology there has thus accumu-

lated a great body of facts relating not only to the pheno-

mena of reproduction, but also to the nutrition of Algae.

With reference to their chemical physiology, the gelatiniza-

tion of the cell-wall, which is so marked a feature, is doubt-

less attributable to the occurrence along with cellulose of

pectic compounds. There is, however, considerable variation

in the nature of the membrane in different species ; thus the

cell-wall of (Edogonium, treated with sulphuric acid and
iodine, turns a bright blue, while the colour is very faint in

the case of Spirogyra, the wall of which is said to consist

for the most part of pectose. While starch occurs com-
monly as a cell-content in the majority of the Green Algae

no trace of it occurs in Taucherid and some of its

allies, nor is it known in the whole of the Phoeophycece

and Rhodophyceae. In certain EuphoBophycece bodies

built up of concentric layers, and attached to the chro-

matophores, were described by Schmitz as phaeophycean-
starch; they do not, however, give the ordinary starch

reaction. Other granules, easily mistaken for the “ starch
”

granules, are also found in the cells of PhosophycecB ; these

possess a power of movement apart from the protoplasm,

and are considered to be vesicles and to contain phloro-

glucin. The colourless granules of Moridece^ which are

supposed to constitute the carbohydrate reserve material,

have been called floridean-starch. A white efflorescence

which appears on certain Brown Algae (Saccorhiza bulbosa,

Lammaria sacydi/irma), when they are dried in the air, is

found to consist of mannite. Mucin is known in the cell-

sap of Acetabularia. Some Siphoncdes (Codirnn) give rise

to proteid crystalloids, and they are of constant occurrence

among Eloridece. The presence of tannin has been estab-

lished in the case of a great number of freshwater Algae.

By virtue of the possession of chlorophyll all Algae are
capable of utilizing carbonic acid gas as a source of carbon
in the presence of sunlight. The presence of

phycocyanin, phycophaein, and phycoerythrin

considerably modifies the absorption spectra for

the plants in which they occur. Thus in the case of

phycoerythrin the maximum absorption, apart from the
great absorption at the blue end of the spectrum, is not,

as in the case where chlorophyll occurs alone, near the
Fraunhofer line B, but farther to the right beyond the
line D. By an ingenious method devised by Engelmann,
it may be shown that the greatest liberation of oxygen,
and consequently the greatest assimilation of carbon, occurs

in that region of the spectrum represented by the absorp-

tion bands. In this connexion Pfeffer points out that the

penetrating power of light into a clear sea varies for light

of different colours. Thus red light is reduced to such an
extent as to be insufficient for growth at a depth of 34
metres, yellow light at a depth of 177 metres, and green
light at 322 metres. It is thus an obvious advantage to

Bed Alg0e, which flourish at considerable depths, to be able

to utilize yellow light rather than the red, which is extin-

guished so much sooner. The experiment of Engelmann
referred to deserves to be mentioned here, if only in

illustration of the use to which Algse have been put in the

study of physiological problems. Engelmann observed

that certain Bacteria were motile only in the presence of

oxygen, and that they retained their motility in a micro-

scopic preparation in the neighbourhood of an Algal filament

when they had come to rest elsewhere on account of the

exhaustion of oxygen. After the Bacteria had all been

brought to rest by being placed in the dark, he threw a
spectrum upon the filament, and observed in what region

the Bacteria first regained their motility, owing to the

liberation of oxygen in the process of carbon-assimilation.

He found that these places corresponded closely with

the region of the absorption band for the Algse under
experiment.

Although Algae generally are able to use carbonic acid

gas as a source of carbon, some Algae, like certain of the

higher plants, are capable of utilizing organic compounds for

this purpose. Thus Spirogyra filaments, which have been

denuded of starch by being placed in the dark, form starch

in one day if they are placed in a 10 to 20 per cent, solution

of dextrose. According to Bokorny, moreover, it appears

that such filaments will yield starch from formaldehyde

when they are supplied with sodium oxymethyl sulphon-

ate, a salt which readily decomposes into formaldehyde and

hydrogen sodium sulpMte, an observation which has been

taken to mean that formaldehyde is always a stage in the

synthesis of starch. With reference to the assimilation of

nitrogen, it would seem that Algae, like other green plants,

can best use it when it is presented to them in the form of

a nitrate. Some Algae, however, seem to flourish better

in the presence of organic compounds. In the case of

Scenedesmus acutus^ it is said that the Alga is unable to

take up nitrogen in the form of a nitrate or ammoniacal

salt, and requires some such substance as an amide or a

peptone. On the other hand it has been held by Frank

and other observers that atmospheric nitrogen is fixed

by the agency of Green Algae in the soil. (For the

remarkable symbiotism between Algae and Fungi, see

Fungi.)

Excepting where the thaUus is impregnated with silica,
*

as in DiatommecBi or carbonate of lime, as in Gorallim/icem,

GharojceoB^ and some Siphonodes^ it is perhaps not surpris-

ing that Algae should not have been extensively preserved

in the fossil form. Considering, however, that it is gener-
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ally believed that Bryophyta and vascular ijlants are de-

scended from an Algal ancestry, it is natural to suppose

that, prior to the luxuriant vegetable growths of
Occur- the Carboniferous period, there must have existed

7be rocks
Algae. It was doubtless this expecta-

tion that has led to the description of a number

of Silurian and Devonian remains as Algae upon what is

now regarded as indequate evidence. The geologic record

is, as perhaps is to be expected, exceedingly poor, except as

regards theCalcareous Siphonales, which arewell represented

at various horizons, from the Silurian to the Tertiary
;
even

the JDiatomacecB^ which are found in great quantities in

the Tertiary deposits, do not occui* at all earlier than

the chalk. It is believed, however, that the Devonian

fossil, Nematophycus^ is a Laminarian Alga, but it is not

until the late Secondary and the Tertiary formations that

fossil remains of Algse become frequent. (See Pal^eo-

botany).
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Al^a.rvef the southernmost province of Portugal,

coinciding with the modern district of Faro, with an area
of 1872 square miles and population 228,635—a density
of 122 inhabitants to the square mile. The coast is fringed
for a distance of 30 miles, from Quarteira to Tavira, with
long sandy islands, through which there are six passages,
the most important being the Mew Bar, between Faro and
Olhao. In 1896 tbe fisheries yielded 61,132 tons of

herring, valued at .£79,100
;
in 1897, 76,845 tons, valued

at £68,200; and in 1898, 65,637 tons, valued at £56,900.
The sardines caught in the same years averaged £73,250
in value. The capital is Faro.

Alg^ebr^ Universal.—l. This term (employed
ty Sylvester in a rather more restricted sense) has come to
he used to denote the comparative study of algebra in
general, as distinguished from its applications, and from

the detailed exposition of any special variety of it. It is

not easy to give a thoroughly satisfactory definition of

algebra; for the purpose of this article “an algebra” will

be taken to mean a mathematical calculus in which sym-

bolical expressions of certain conventional types are con-

structed, and their relations investigated according to a

fixed consistent system of formal rules of equivalence.

This definition, imperfect as it is, will at least serve to

indicate the essentially formal and abstract nature of

algebraic reasoning. "Aether a particular symbolism is

to be regarded as an algebra or not depends partly upon

its formal development, partly upon the sense attributed

to the term “mathematical.” Thus, for instance, the

methods of symbolic logic have produced a calculus which

is generally recognized to be an algebra, because it admits

of a formal treatment which is independent of the par-

ticular meaning originally given to its symbols; while,

S.I— 35
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on tlie other hand, the “ equations ” of chemistry, although

symbolical in form, are not deductions from a limited

number of fundamental equivalences, and for this reason

are not regarded as algebraical. It is conceivable that,

in course of time, a new algebra may be invented, sug-

gested by chemistry and admitting of a chemical inter-

pretation, and in fact a certain analogy has been observed

between the graphic symbols of organic chemistry and the

umbral notation introduced by Aronhold into the theory of

algebraic forms.

2.

What wiU here be called ‘‘ordinary’^ algebra

developed very gradually as a kind of shorthand, devised

to abbreviate the discussion of arithmetical problems and
I

the statement of arithmetical facts. Although the dis-

tinction is one which cannot be ultimately maintained, it

is convenient to classify the signs of algebra into symbols

of quantity (usually figures or letters), symbols of opera-

tion, such as +, V, and symbols of distinction, such as

brackets. Even when the formal evolution of the science

was fairly complete, it was taken for granted that its

symbols of quantity invariably stood for numbers, and

that its symbols of operation were restricted to their

ordinary arithmetical meanings. It could not escape

notice that one and the same symbol, such as J{a - 5), or

even (<x - 6), sometimes did and sometimes did not admit of

arithmetical interpretation, according to the values attri-

buted to the letters involved. This led to a prolonged

controversy on the nature of negative and imaginary

quantities, which was ultimately settled in a very curious

way. The progress of analytical geometry led to a

geometrical interpretation both of negative and also of

imaginary quantities; and when a “meaning,” or, more
properly, an interpretation, had thus been found for the

symbols in question, a reconsideration of the old algebraic

problem became inevitable, and the true solution, now so

obvious, was eventually obtained. It was at last realized

that the laws of algebra do not depend for their validity

upon any particular interpretation, whether arithmetical,

geometrical, or other
;
the only question is whether these

laws do or do not involve any logical contradiction.

When this fundamental truth had been fully grasped,

mathematicians began to inquire whether algebras might

not be discovered which obeyed laws different from those

obtained by the generalization of arithmetic. The answer

to this question has been so manifold as to be almost embar-

rassing, All that can be done here is to give a sketch of

the more important and independent “special algebras”

at present known to exist.

3.

Although the results of ordinary algebra will be
taken for granted, it is convenient to give the principal

rules upon which it is based. They are

(a + 6)-l-c = a + (6 + c) (a) (a x 5) x x (?) x c) (a')

a + h — h-\-a (c) axh — lxa (o')

a(^-{’c)—db-{‘ac (v)

(a-6)-t-6= a (i) {a-^h)xh = a (t)

These formulas express the associative and commutative
laws of the operations + and x

,
the distributive law of x

,

and the definitions of the inverse symbols ~ and which
are assumed to be unambiguous. The special symbols
0 and 1 are used to denote a —

a

and a-^a. They behave
exactly like the corresponding symbols in arithmetic

;
and

it follows from this that whatever “meaning” is attached
to the symbols of quantity, ordinary algebra includes arith-

metic, or at least an image of it. Every ordinary algebraic

quantity may be regarded as of the form a -h jS ^ - 1, where
a, /3 are “ real ”

;
that is to say, every algebraic equivalence

remains valid when its symbols qf quantity are interpreted as

complex numbers of the type a+ (cf. Number).
But the symbols of ordinary algebra do not necessarily

denote numbers; they may, for instance, be interpreted

as coplanar points or vectors. Evolution and involution

are usually regarded as operations of ordinary algebra;

this leads to a notation for powers and roots, and a theory
of irrational algebraic quantities analogous to that of

irrational numbers.

4. The only known type of algebra which does not
contain arithmetical elements is substantially due to Boole.

Although originally suggested by formal logic,

it is most simply interpreted as an algebra of

regions in space. Let i denote a definite

region of space ;
and let a, b, etc., stand for

definite parts of i. Let a + b denote the region made
up of a and h together (the common part, if any, being

reckoned only once), and let a x 6 or ah mean the region

common to a and 5. Then a + a==^aa — a; hence numerical

coeflSlcients and indices are not required. The inverse

symbols —
, -r- are ambiguous, and in fact are rarely used.

Each symbol a is associated with its supplemeiit a which
satisfies the equivalences a -l- a = ?, aa = 0, the latter

of which means that a and a have no region in common.
Finally, there is a law of absorption expressed by a + = a.

From every proposition in this algebra a reciprocal one

may be deduced by interchanging + and x
,
and also

the symbols 0 and i For instance, x + y= x-\-xy and
xy^x{x-^y) are reciprocal. The operations + and x

obey all the ordinary laws a, c, n (§ 3).

5. A point A in space may be associated with a (real,

positive, or negative) numerical quantity a, called its

weight, and denoted by the symbol aA. The
sum of two weighted points aA, /3B is, by -WSWos's

definition, the point (a -i- ^)G, where G divides

AB so that AG : GB = /? : a. It can be proved

by geometry that

(aA -F /JB) -f yC = aA + (^B -f- yC) = (a + ^ -f- y)P,

where P is in fact the centroid of masses a, /3, y placed at

A, B, C respectively. So, in general, if we put

aA -h /3B “h yC + . . . -h A,L= (a + ^-}-y + ... •+* A)X.

X is, in general, a determinate point, the barycent/re of aA,

/3B, etc. (or of A, B, etc. for the weights a, (3, etc.). If

(a q- /3 -j- ... H- A) happens to be zero, X lies at infinity in

a determinate direction; unless -aA is the barycentre

of jSB, yC, . . . AL, in which case aA -f ^B -f- ... -1- AL
vanishes identically, and X is indeterminate. If ABCD
is a tetrahedron of reference, any point P in space is deter-

mined by an equation of the form

(a 4* jS + y + S)P= aA + ^B -1- yC + SD :

A 7? ^ equivalent to a set of homogeneous

co-ordinates of P. For constructions in a fixed plane three

points of reference are sufficient. It is remarkable that

Mobius employs the symbols AB, ABC, ABCD in their

ordinary geometrical sense as lengths, areas, and volumes,

except that he distinguishes their sign; thus AB= - BA,

ABC = - ACB, and so on. If he had happened to

think of them as “ products,” he might have anticipated

Grassmann^s discovery of the extensive calculus. From a

merely formal point of view, we have in the barycentric

calculus a set of “ special symbols of quantity ” or “ extra-

ordinaries ” A, B, C, etc., which combine with each other

by means of operations -f and - which obey the ordinary

rules, and with ordinary algebraic quantities by opera-

tions X and also according to the ordinary rules, except

that division by an extraordinary is not used.

6. A quaternion is best defined as a symbol of the type

q = %ig^s ~ Hamilton's

where Cq, .

,

are independent extraordinaries qaater-

and ordinary algebraic quantities, which

may be called the co-ordinates of q. The sum and pro-
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duct of two quaternions are defined by the formulae

where the products e^es are further reduced according to

the following multiplication table, in which, for example,

^0 Cl e.

t’o h ^2 Cl

Cl Cl -Co -i2

^2 C2 -Co Cl

cs ^2 -Cl -Co

the second line is to be read = e^, = eg,

^1^3
” “ ^

2
* effect of these definitions is that the sum

and the product of two quaternions are also quaternions

;

that addition is associative and commutative; and that

multiplication is associative and distributive, but not

commutative. Thus 4
quaternions, qq' is generally different from q'q. The
symbol Cq behaves exactly like 1 in ordinary algebra

;

Hamilton writes 1, %j, k instead of Cq, and in this

notation all the special rules of operation may be summed
up by the equalities

^•2 ^^-2 = ^-2 _ 1 ,

Putting q= a + fSi + yj+Sk, Hamilton calls a the scalar

part of 9', and denotes it by he also writes Yg for

which is called the vector part of q. Thus

every quaternion may be written in the form g= Sg4*Yg',

where either Sg' or Yq may separately vanish; so that

ordinary algebraic quantities (or scalars^ as we shall call

them) and pure vectors may each be regarded as special

cases of quaternions.

The equations Jtx=q and y'^-q' — q are satisfied by
the same quaternion, which is denoted by q-<^. On
the other hand, the equations = q and — q have, in

general, different solutions. It is the value of y which is

generally denoted by q-^q'
]

a special symbol for x is

desirable, but has not been established. If we put

qo= Sq' - Yq', then g-g is called the conjugate of q\ and

the scalar qq^= ql,
q' is called the norm of q' and written

'Nq', With this notation the values of x and y may be

expressed in the forms

—

x= q‘^qj'S<i,
^

y=2'?i/Ng'',

which are free from ambiguity, since scalars are commuta-
tive with quaternions. The values of x and y are different,

unless Y{qq‘^ = 0.

In the applications of the calculus the co-ordinates of a

quaternion are usually assumed to be numerical; when
they are complex, the quaternion is further distinguished

by Hamilton as a hiqwitemion. Clifford’s biquatemions are

quantities ^q + rfr, where q, r are quaternions, and rf are

symbols (commutative with quaternions) obeying the laws

1^ = 1)
= = =

7. In the extensive calculus of the nth category, we

Qrass-
have, first of all, n independent units,”

manats ^i>
Trom these are derived symbols

extensive of the type
calculus* . «

A;^ = 4* . . . +
which we shall call extensive quantities of the first species

(and, when necessary, of the nth category). The co-

(yt^dinates a^, . . . are scalars, and in particular applica-

tions may be restricted to real or complex numerical values.

If — 2/8e, there is a law of addition expressed by

Ai -f Bi =5= 2(ai* -h pi}ei= B^ -h ;

this law of addition is associative as well as commutative.

The inverse operation is free from ambiguity, and, in fact.

To multiply A^ by a scalar, we apply the rule

and similarly for division by a scalar.

All this is analogous to the corresponding formulae in the

barycentric calculus and in quaternions; it remains to

consider the multiplication of two or more extensive

quantities. The binary products of the units Ci are taken
to satisfy the equalities

= 0
,

e^Cj = — ejCi ;

this reduces them to ^7i(?i- 1) distinct values, exclusive of

zero. These values are assumed to be independent, so we
have ^n{n~- 1) derived units of the second species or order*

Associated with these new units there is a system of

extensive quantities of the second species, represented by
symbols of the type

where Eg^^^, etc., are the derived units of the second

‘species. If —
Bi==2^iet, the distributive law of

multiplication is preserved by assuming

it follows that A;^B]^ = - Bj^Aj, and that A^^ = 0.

By assuming the truth of the associative law of multi-

plication, and taking account of the reducing formulae for

binary products, we may construct derived units of the

third, fourth . . . nth species. Every unit of the rth

species which does not vanish is the product of r different

units of the first species
;
two such units are independent

unless they are permutations of the same set of primary

units Cl, in which case they are equal or opposite according

to the usual rule employed in determinants. Thus, for

instance

—

and, in general, the number of distinct units of the rth

species in the ?zth category {r<n) is Finally, it is

assumed that (in the nth category) e^e,/^* * . en=l 9
the

suffixes being in their natural order.

Let Ar= ^aE<^^ and B5=2/?E*^^ be two extensive quan-

tities of species r and s
;
then if r + s ^n, they may be

multiplied by the rule

ArBs= ^a|3)^Em^^

where the products Ef»*^E^®^ may be expressed as derived

units of species (r + s)* The product BgAy is equal or

opposite to ArBg, according as is even or odd. This

process may be extended to the product of three or mor^

factors such as AyBA ••• provided that r-\-s + t+ * * *

does not exceed n. The law is associative; thus, for

instance, (AB)C = A(BC). But the commutative law does

not always hold; thus, indicating species, as before, by

suffixes, = CuB^Ay, with analogous

rules for other cases.

If r -I- s>n, a product such as EyE^, worked out by the

previous rules, comes out to be zero. A characteristic

feature of the calculus is that a meaning can be attached

to a symbol of this kind by adopting a new rule, called

that of regressive multiplication, as distinguished from

the foregoing, which is progressive* The new rule requires

some preliminary explanation. If E is any -extensive unit,

there is one other unit E', and only one, such that the

(progressive) product EE' = 1. This unit is called the

supplement of E, and denoted by |E. For example, when

n— 4:,

and so on. Now when r + 5>n, the product EyEg js



276 ALGEBRA
defined to be that unit of which the supplement is the

|

progressive product |E>*|Es. For instance, if = Er

|Er|Eg= (
- " ^

1)
“ ~

consequently, by the rule of regressive multiplication,

*®1^3*^2^3^4 ^ ^3*

Applying the distributive law, we obtain, when r-{-»>n,

A^B, = 2aEr2f3Es == 2(aj8)E^E„

where the regressive products E^Ea are to be reduced to

units of species (r + s-n) by the foregoing rule.

If A= i^aE, then, by definition, |A=Sa|E, and hence

ai(b+c)=aib+aic.

jSTow this is formally analogous to the distributive law of

multiplication
;
and in fact we may look upon A|B as a

particular way of multiplying A and B (not A and |B).

The symbol A|B, from this point of view, is called the

inner product of A and B, as distinguished from the outer

product AB. An inner product may be either progressive

or regressive. In the course of reducing such expressions

as (AB)C, (AB){C(DE)} and the like, where a chain of

multiplications has to be performed in a certain order,

the multiplications may be all progressive, or all regres-

sive, or partly one, partly the other. In the first two
cases the product is said to be pure, in the third case

mixed. A pure product is associative
;
a mixed product,

speaking generally, is not.

The outer and inner products of two extensive quanti-

ties A, B, are in many ways analogous to the quaternion

symbols Yah and Sa6 respectively. As in quaternions, so

in the extensive calculus, there are numerous formulae of

transformation which enable us to deal with extensive

quantities without expressing them in terms of the

primary units. Only a few illustrations can be given

here. Let ct, h, c, d, e, f be quantities of the first species

in the fourth category
;

A, B, C . .

.

quantities of the

third species in the same category. Then

{de)(ahc) = (ahde)c + (cade)b + (bcde)a

= (abce)d — {aJbcd)e,

(a6)(AB) = (aA)(6B) - (aB)(6A)

ah\c — (alc)6 - {h\c)a, (ah\cd) = (a|c)(6]d) - (a|d)(2>|c).

These may be compared and contrasted with such quater-

nion formulae as

S(Va6Vcd) - SadShc ~ S>acSbd

dBabc= aShcd - 6Scda + cSadb

where a, by c, d denote arbitrary vectors-

8.

An 7^-tuple linear algebra (also called a complex
number-system) deals with quantities of the type

^ebM. A= i derived from n special units e^, e^. .

.

The sum and product of two quantities are defined

in the first instance by the formulae

5)ae+ « 2(a -f ^)e, x = '^{ai/3j)eiep

so that the laws a, c, n of § 3 are satisfied. The binary

products eiej, however, are expressible as linear functions

of the units ei by means of a “ multiplication table " which
defines the special characteristics of the algebra in question.

Multiplication may or may not be commutative, and in

the same way it may or may not be associative. The
types of linear associative algebras, not assumed to be
commutative, have been enumerated (with some omissions)

up to sextuple algebras inclusive by B. Peirce. Quater-

nions afford an example of a quadruple algebra of this

kind. If, in the extensive calculus of the nth category,

all the units (including 1 and the derived units E) are

taken to be homologous instead of being distributed

into species, we may regard it as a (2^ — l)-tuple linear

algebra, which, however, is not wholly associative. It

should be observed that while the use of sjoecial units, or
extraordinaries, in a linear algebra is convenient, especi-

ally in applications, it is not indispensable. Any linear

quantity may be denoted by a symbol (a^^, a^, . . . a,^) in

which only its scalar coefficients occur
;
in fact^ the special

units only serve, in the algebra proper, as umlrce or
regulators of certain operations on scalars (see Number,
§ 33). This idea finds fuller expression in the algebra of

matrices, as to which it must suffice to say that a matrix
is a symbol consisting of a rectangular array of scalars,

and that matrices may be combined by a rule of addition

which obeys the usual laws, and a rule of multiplication

which is distributive and associative, but not, in general,

commutative. Yarious special algebras (for example,

quaternions) may be expressed in the notation of the

algebra of matrices.

9. The algebras discussed up to this point may be
considered as independent in the sense that each of them
deals with a class of symbols of quantity more
or less homogeneous, and a set of operations

applying to them all. But when an algebra is
^

used with a particular interpretation, or even in the coui'se

of its formal develo]3ment, it frequently happens that new
symbols of operation are, so to speak, superposed upon the

algebra, and are found to obey certain formal laws of com-
bination of their own. For instance, there are the symbols
A, D, E used in the calculus of finite differences; Aronhold’s

symbolical method in the calculus of invariants
;
and the

like. In most cases these subsidiary algebras, as they may
be called, are inseparable from the applications in which they

are used
;
but in any attempt at a natural classification of

algebra (at j)resent a hopeless task), they would have to be
taken into account. Even in ordinary algebra the notation

for powers and roots disturbs the symmetry of the rational

theory
;
and when a schoolboy illegitimately extends the

distributive law by writing v^(a + 6)= -v/a+ v^6, he is

unconsciously emphasizing this want of complete harmony.

10. The reader cannot fail to observe that this article

is far from being an outline of universal algebra, in the

sense ascribed to that term at the beginning
;

it is, rather,

a brief presentation of some of the principal facts

•with which universal algebra has to deal. It may even

be doubted whether any theory of universal algebra,

except in a very restricted or provisional sense, is actually

possible at present. It may, perhaps, be admitted that we
have arrived at the conception that an “ algebraic quan-

tity ” is a symbol defined merely by its formal relations

;

and that the symbols H- and x are legitimately used

when the first is commutative and associative, and the

second distributive. But there is hardly any other general

statement that may not be upset by future discoveries;

and in fact even these are inconsistent with much current

notation. The state of mathematical symbolism to-day

may be fairly compared to that of botany, when the idea

of a natural classification first began to suggest itself,

I
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Algebra, Quart. M. Jcum. xxii.
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A. Buchheim, on Extensive Calculus

and its applications, Proc. L. M. S. xv.-xvii.
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ALGEBBAIC FOBMS.

The subject-matter of algebraic forms is to a large

extent connected with the linear transformation

of algebraical polynomials which involve two or more

variables. The theories of determinants and of sym-

metric functions and of the algebra of differential opera-

tions have an important bearing upon this comparatively

new branch of mathematics. They are the chief instru-

ments of research, and have themselves much benefited by
being so employed. When a homogeneous polynomial is

transformed by general linear substitutions as hereafter

explained, and is then expressed in the original form with

new coefficients affecting the new variables, certain func-

tions of the new coefficients and variables are numerical

multiples of the same functions of the original coefficients
|

and variables. The investigation of the properties of these

functions, as well for a single form as for a simultaneous

set of forms, and as well for one as for many series of

variables, is included in the theory of invariants. As far

back as 1773 Lagrange, and later Gauss, had met with

simple cases of such functions ;
Boole, in 1841 {Oamb.

Math. Journ. iii. pp. 1-20), made important steps, but it

was not till 1845 that Cayley {Coll. Math. Papers^ i. pp.

80-94, 95-112) showed by his calculus of hyper-deter-

minants that an infinite series of such functions might be

obtained systematically. The subject was carried on over

a long series of years by himself, Sylvester, Salmon, Hesse,

Ai’onhold, Hermite, Brioschi, Clebsch, Gordan, &c. The

year 1868 saw a considerable enlargement of the field of

operations. This arose from the study by Klein and Lie

of a new theory of groups of substitutions
;

it was shown
that there exists an invariant theory connected with every

group of linear substitutions. The invariant theory then

existing was classified by them as appertaining to “ finite

continuous groups.” Other Galois ” groups were defined

whose substitution coefficients have fixed numerical values,

and are particularly associated with the theory of equations.

Arithmetical groups, connected with the theory of quad-

ratic forms and other branches of the theory of numbers,

which are termed “ discontinuous,” and infinite groups

connected with differential forms and equations, came into

existence, and also particular linear and higher transforma-

tions connected with analysis and geometry. The effect

of this was to co-ordinate many branches of mathematics

and greatly to increase the number of workers. The sub-

ject of transformation in general has been treated by
Sophus Lie in the classical work Theorie der Tramsformar
tionsgrvppen. The present article is merely concerned

with algebraical linear transformation. Two methods of

treatment have been carried on in parallel lines, the un-

symbolio and the symbolic
; both of these originated with

Cayley, but he with Sylvester and the English school have
in the main confined themselves to the former, whilst

Aronhold, Clebsch, Gordan, and the Continental schools

have principally restricted themselves to the latter. The
two methods have been conducted so as to be in constant

touch, though the nature of the results obtained by the

one differs much from those w^hich flow naturally from the

other. Each has been singularly successful in discovering

new lines of advance and in encouraging the other to

renewed efforts. Gordan first proved that for any system
of forms there exists a finite number of covariants, in

terms of which all others are expressible as rational and
integral functions. This enabled Hilbert to produce a
very simple unsymbolic proof of the same theorem. So
the theory of the forms appertaining to a binary form of

unrestricted order was fii*&t worked out by Cayley and
MacMahon by unsymbolic methods, and later Stroh, from
a knowledge of the results, was able to verify and extend

the results by the symbolic method. At the moment of

WTiting no English -svork exists on the symbolic methods,

so that it has been judged proper to present to English

readers a short resume of those processes, and to refer

them for other information to the existing English

treatises. The partition method of treating symmetrical

algebra is one which has been singularly successful in in-

dicating new paths of advance in the theory of invariants
;

the important theorem of expressibility is, directly we
exclude unity from the partitions, a theorem concerning

the expressibility of covariants, and involves the theory of

the reducible forms and of the syzygies. The theory

brought forward has not yet found a place in any systematic

treatise in any language, so that it has been judged proper

to give a fairly complete account of it.

I, The Theory of Determinants.

Let there be given n^ quantities

^11 ®12 ^13 • •

^21 ^22 ^23

^81 ^'32 ^33 •

anl ••• ^nn

and form from them a product of n quantities

®la ^2)3 ^8y * *

Where the first suffixes are the natural numbers 1, 2, 3, ... w taken

in order, and a, y, ... y is some permutation of these n numbers.
This permutation by a transposition of two numbers, say o, p,

becomes )3, a, 7 ,
...y, and by successively transposing pairs of

letters the permutation can be reduced to the forml, 2, 3, ... n.

Let k such transpositions be necessary
;
then the expression

2( )*'aia«2iS^3y-^nv»

the summation being for all permutations of the n numbers, is

called the determinant of the n^ quantities. The quantities

aia, ^2^ ... are called the elements of the determinant ; the term

( - )^aiaa2/
5®8y is called a member of the determinant, and

there are evidently n ! members corresponding to the n !
permuta-

tions of the n numbers 1, 2, 3, ... n. The determinant is usually

written
<^11 ^12 ^13 . ain

®21 ^22 * - a^n

^31 ®32 ®83 •* - asn

I

*

i

•1
.. ann

the square array being termed the matrix of the detenninant,

A matrix has in many parts of mathematics a signification apart

from its evaluation as a determinant, A theoij of matrices has

been constructed by Cayley in connexion particularly with the



278 ALGEBRAIC FORMS
theory of linear translbrmation. The matrix consists of rows

and n columns. Each row as well as each column supplies one

and only one element to each member of the determinant. Con-

sideration of the definition of the determinant shows that the

value is unaltered when the suffixes in each element are transposed.

Theorem.—If the determinant is transformed so as to read by
columns as it formerly did by rows its value is unchanged. The
leading Tnember of the determinant is 0^110^22^33 and corre-

sponds to the principal diagonal of the matrix.

We write frequently

A=2 + 0!ii0i22<^33 ' • -O^nn” (^11^22^33 * ‘^wn)*

If the first two columns of the determinant be transposed the

expression for the determinant becomes 2( - )Hi^a2aa^..,anv, viz.,

a and are transposed, and it is clear that the number of trans-

positions necessary to convert the permutation ^o.y...v of the

second suffixes to the natural order is changed by unity. Hence
the transposition of columns merely changes the sign of the

determinant. Similarly it is shown that the transposition of any
two columns or of any two rows merely changes the sign of the

determinant.
Theorem.—Interchange of any two rows or of any two columns

merely changes the sign of the determinant.

Corollary.—If any two rows or any two columns of a deter-

minant be identical the value of tlie determinant is zero.

Minors ofa Determinant .—From the value of A we may separate

those members which contain a particular element as a factor,

and wnite the portion A**
;
A,*, the cofactor of aix, is called a

minor of order 71 - 1 of the determinant.

Now aiiAii=2±aiia22^3 ••• wherein is not to he

changed, but the second suffixes in the product -‘ann

assume all permutations, the number of transpositions necessary

determining the sign to be affixed to the member.
Hence «iiAii=aii2 + 0122^33 ... annj where the cofactor of a-^ is

clearly the determinant obtained by erasing the first row and the
first column

0522 *^33 •
. . arm

Hence Aii= 0532 «33 .
.. Ozn

1

05712 05n3 • •* Otm
1

Similarly A**, the cofactor of a^Jt^ is shown to be the product of

( -
)*** and the determinant obtained by erasing from A the

row and column. No member of a determinant can involve

more than one element from the first row. Hence we have the

development
A =: 0^11Ai]^ + 0^22Ai2 'h ^13Ai3+ . . . + O^'lnAin ,

proceeding according to the elements of the first row and the
corresponding minors.

Similarly we have a development proceeding according to the

elements contained in any row or in any column, viz.,

A= oiiiAii+ Qii2Aja+ c^tjAja + , . . + a^rJ^in

A= osifcAiA+ 02*Aafc+ 03*Asj,+ . , , 4-a^^Ank

This theory enables the evaluation of a determinant by successive

reduction of the orders of the determinants involved.

JSx. gr. 10 3

2 16
0-5 3

= 1
1 6

-5 3

2 6

0-3 +3 2 1

0-5

= 1
I
3

1
-6

1
-6

1 + 3.2
I
-6

I

- 3.1

= 3 + 30 - 30 - 0= 3 .

Since the determinant
U21 0^22 ... a2n

0521 ^22 ^23 ••• ®2n
0531 022 Oin having two identical rows.

Ota OttS 0^2 ••• Onn

vanishes identically
;
we have by development according to the

elements of the first row

0521All "t" ®22Ai2+ <*2<?Ai3 + . . , + a2wAiM= 0 J

and, in general, since

^ilAti + a,2At2+ fl5j8At^+ * , . + Otn-Ain= A,

if we suppose the and^ rows identical

Q5nAii+a^At2+ a^sAis ->-...+ OjcnA^n=0 ?

and proceeding by columns instead of rows,

«itAifc+ 052*A2fc+ oaiAss+ . . . + antAnJt=0 (^< i')

identical relations always satisfied by these minors.
If in the first relation of (A) we write ai,= 5w+c«,+i?i,+ ... we

j&nd that Sai,A*,=2?>*;,Aj,+ S(^Af^+ 2k?*aA*+... so that A breaks
up into a sum of determinants, and we also obtain a theorem for
the addition of determinants which have n — 1 rows in common.
If we multiply the elements of the second row by an arbitrary
magnitude X, and add to the corresponding elements of the first

row, A becomes 2«i,Aia+XSo52«Ai,= So5i4Ai,=A, shoving that the

value of the determinant is unchanged. In general we can prove
in the same way the

—

Theorem.—The value of a determinant is unchanged if we
add to the elements of any row or column the corresponding
elements of the other rows or other columns respectively each
multiplied by an arbitrary magnitude, such magnitude remain-
ing constant in respect of the elements in a particular row or a
particular column.

Observation .—Every factor common to all the elements of a
row or of a column is obviously a factor of the determinant, and
may be taken outside the determinant brackets.

Dx. gr. a? /32

a /S 7
1 1 1

= (^-a)(7 -a)

= (^-a)(7-a)(/3- 7).

a3 72
a ^-a 7 -a10 0

=
jS-a 7 -a I

The minor A^a, is and is itself a determinant of order n- 1 ,caa
We may therefore differentiate again in regard to any element

ars where r'^i, s% 1c\ we will thus obtain a minor of A^*, which is

a minor also of A of order 9^-2. It will be j ^
rs Oaj.g OaikOCfrs

and will be obtained by erasing from the deteiminant A^x the
row and column containing the element a^

;
this was originally

the r*^^ row and column of A ; the r** roW* of A is the or

(r-iy^ row of At* according as and the column of A is

the or s- column of At* according as $%k. Hence, if Th
denote the number of transpositions necessary to bring the suc-

cession ri into ascending order of magnitude, the sign to be
attached to the determinant arrived at by erasing the and r^^

rows and the and columns from A in order produce A^ will
18

be - 1 raised to the power of Tn +T*4+i+^+r + 5.

Similarly proceeding to the minors of order n - 3 , we find that

0 02 03
At*=5— Ai*=5—5— At*=o—5—5— A is obtained from A by

r« datu rs Candatu
tu

erasing the r^\ rows, the s^\ columns, and multiplying
the resulting determinant by - 1 raised to the power Tj

5n+ Tua*

+i+k+r + $-‘rt + u and the general law is clear.

Corresponding Minors .—In obtaining the minor Aa in the
rs

form of a determinant we erased certain rows and columns, and
we would have erased in an exactly similar manner had we been
forming the determinant associated with A^s, since the deleting

r*

lines intersect in two pairs of points. In the latter case the sign

is determined by - 1 raised to the same power as before, with the

exception that Tm** replaces Tusk ;
hut if one of these numbers he

even the other must be uneven
;
hence

Moreover

AnTa — A<ii

OtkOrsAix + atgarkA^

=

IS rk

Oik A

Ork On

where the determinant factor is given by the four points in which
the deleting lines intersect. This deteiminant and that associated

with At* are termed corresponding determinants. Similarly p
ris

lines of deletion intersecting in points yield corresponding
determinants of orders p and n-p respectively. Recalling the
formula

A= fl5iiAll+ fl5i2Ai2+ O12A12 + . . . + OinAint

it will be seen that ai* and Ai* involve corresponding determin-
ants. Since Au is a determinant we similarly obtain

Ai*= 0521Ai*+ . . . + 052,*-iAi,* + Q52,*4.iA] ,* + ...+ «Ai,*

,

21 2,*-l 2,*+l 2.71

and thence

A= S05it052s,Ait where ;

t,k 2k

and as before

A=S
t,k

Ou a^i

Oxk 052*
Ai« i> k,
2*

an important expansion of A.

Similarly

, 0\i 021 02i

A=S OiJt 052* 053*

air a^r a2r

and the general theorem is manifest, and yields a development

in a sum of products of corresponding determinants. If the

A}i i>k>r^
2k
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column be identical with the the determinant A vanishes
identically ;

hence if^' be not equal to % k, or r,

;

Cllj dQj a^j

o=r 0>lk O'ik

ajr <kSr <^Zr

Aij.
2X.

Similarly, by putting one or more of the deleted rows or columns
equal to rows or columns which are not deleted, we obtain, with
Laplace, a number of identities between products of determinants

of complementary orders.

Multiplication.—From the theorem given above for the ex-

pansion of a determinant as a sum of products of pairs of corre-

sponding determinants it will be plain that the product of

A=(aii, a22,--f3'«n) and D= (&ii, &02, may be written as a
determinant of order 2n, viz.

—

aji 021 0^31 • - «nl -1 0 0 .. 0

012 022 az2 • 0 -1 0 .. 0

Ol3 02i Ozi . ftnS 0 0 -1 . 0

Oin Oon Oin • . . Ofm 6 b b -i
0 0 0 . .. 0 bn b^3,

5i3 •• hn
0 0 0 0 &21 622 *&23 .. hn
0 0 0 . .. 0 hi 632 2>33 •• b&n

0 6 6 ! . 6 bnl 6,i2 &»i3 b/in

1

A B 1
^11 ^12 ^13 Xi

1

C D
1

Ori2 0^22 ®23 X2

brevity. ®13 ®23 ^33 X3

Xl X2 Xg .

Multiply the 1®*, 2^, ..w** rows by &11, &12, respectively, and
add to the row; by &21, 2>22,-..&2n, and add to the n + 2^^

row ;
by &3i, 532? and add to the n+ row’, &c. C then

becomes

ail&ll + + . . . + ain&ln? + ^*22612 + . , . + OonSlMj

- • + «!n2il2+ . . . + O^nfiln

ail&21+a\^^+ . . . + aX'rJi2ni ^21^21+ ^22^22 + . . * + (72n2>2n>

• anrJb'in

<3^11&31+ ^12^32+ . . • + CLlnf^Zm ^*2l2>31 + ^2632+ . • • +
• * -CLnll^zi+ ^15»2&32+ • . . + anJi^n

+ ^Sl2<^n2+ . . . + airfinm + . • . +
• • + 0>vd>7a+ • • . + ^nrJ^nn

and all the elements of D become zero. Now by the expansion
theorem the determinant becomes

( _ )1+2+3+. . .+2»B .C= (
- l)«(2n+l)+»t C= C.

We thus obtain for the product a determinant of order n. We
may say that, in the resulting determinant, the element in the

row and k*^ column is obtained by multiplying the elements in
the k*^ row of the first determinant severally by the elements in
the 4** row of the second, and has the expression

+ a*2&i2 + Cf'kS^zZ-- • + (Xfkn^tn >

and we obtain other expressions by transforming either or both
determinants so as to read by columns as they formerly did by
rows.

Remark.—In particular the square of a determinant is a de-
terminant of the same order (6ii&22&33-.-5n«) such that ; it

is for this reason termed symmetrical.
The Adjoint or Reciprocal Determinant arises fromA=(aiia22«ss

...a„n) by substituting for each element a,* the corresponding minor
A** so as to form D= (AiiA22A33...AMn)* If we form the product
A.D by the theorem for the multiplication of determinants we
find that the element in the i*^ row and k^^ column of the product
is

+ 05*2^12+ . . . + ajink^n j

the value of which is zero when k is different from % whilst it has
the value A when k=i. Hence the product determinant has the
principal diagonal elements each equal to A and the remaining
elements zero. Its value is therefore A” and we have the identity

D.A=A" or D=A"-L
It can now be proved that the first minor of the adjoint deter-
minant, say Br,, is equal to
From the equations

aiiX\ -t- ai2£B2 + +•••==
j

021X1 + 022X2+ a22lXi+ . . . = 1^2 >

^31^1+ 0,32X2+ 03^3 -I- . . . = ^3 ,

In general it can be proved that any minor of order p of the
adjoint is equal to the complementary of the corresponding minor
of the original multiplied by the p- 1^ pow'er of the original
determinant.

Theorem .—The adjoint determinant is the ?i-- 1^^‘ power of the
original determinant. The adjoint determinant will be seen sub-
sequently to present itself in the theory of linear equations and
in the theory of linear transformation.

Deteryiiinants of Special Forms.—It w’as observed above that
the square of a determinant w’hen expressed as a determinant of
the same order is such that its elements have the property ex-

pressed by atk— ajt^. Such determinants are called symmetrical.
It is easy to see that the adjoint determinant is also symmetrical,
viz., such that Atjfc=Afc„ for the determinant got by suppressing
the 4*^ row and k^^ column difiers only by an interchange of rows
and columns from that got by supjuessing the row and i*^

column. If any symmetrical determinant vanish and be bordered
as shown below

we derive

and thence

Aasi= Aii^i+ A2i^2+ Aails -1- . .
.

,

Aa32= Aia^i + A22fe+ A82^3+ • • • >

Aa;3= Ais^i Hh A23^2+ Assis-h ...

,

A”“^^i= BiiAasi + Bi2A£e2+ BisAajs -t- . .
.

,

A’*’”^^2“B21Aaji +B22A£1!2+ B23Atr8 -H . .
.

,

A””^|3= BsiAa^+ B32Aa?2+ BssAiZis+ . 1

and comparison of the first and third systems yield*

it is a perfect square when considered as a function of X,, Xg.

For since AnA22- Ai2= Aagg, with similar relations, we have a

number of relations similar to AiiA22=A^, and either A,.^=

+ ^{Arr-^„) or - J(Arrets) for all different values of r and s.

Now the determinant has the value

— {XjAjj -f- XgAo2+ X3A33 -f* 2X5X3Aoj+ 2X3XjA3i + 2X1X3A12}

= - SX®Ayr - 2SXrX,Ar, in general, and hence by substitution

i {Xi All -h X2 AyAo2+ •** "t" Xn AyAnn}- ",

A skew symmetric determinant has ^^^=0 and «ri= for all

values of r and s. Such a detenuinant w^hen of uneven degree
vanishes, for if we multiply each row by - 1 we multiply the
determinant by (~1)”= -1, and the effect of this is otherwise
merely to transpose the determinant, so that it reads by rows as

it formerly did by columns, an operation w’hich we know leaves

the determinant unaltered. Hence A=-A or A= 0. When a

skew symmetric determinant is of even degree it is a perfect

square. This theorem is due to Cayley, and reference may be
made to Salmon’s Higher Algebra, 4th ed. Art. 39. In the case

of the determinant of order 4 the square root is

A12A34 *" A13A24 + A14A23.

A shew determinant is one which is skew symmetric in all

respects, except that the elements of the leading diagonal are

not all zero. Such a determinant is of importance in the theory
of orthogonal substitution. In the theory of surfaces w e trans-

form from one set of three rectangular axes to another by the
substitutions

X= ax+ hy+ c.,

Y =a'a; + &'y-fc'&,

Z= a"x+ V'y’^c\

where -fY® -1- -h 2/®+ s®. This relation implies six equations

between the coeflicients, so that only three of them are independ-
ent. Further we find

X= <zX H" a'^Y +
2/=:&X+&'Y-f6%
s=<;X-f c'Y-f

and the problem is to express the nine coefficients in terms ofthree

independent quantities.

In general in space of n dimensions we have n substitutions

similar to

Xi

=

Or^x^ -f- aiaosg+ • • • + >

and we have to express the n^ coefficients in terms of ^71(71 - 1),

independent quantities ;
which must be possible, because

Xf + X| + ... -f X® -tx^+xl -t- ... + x^.

Let there be 272* equations

= ^11^1+ ^12^2+ ®13?3+ • •

»

+ ^>22^2+ ^23^3+ .

.

-f- + ^31^3 ’h • •
.

,

X2= 612^1+ ^22^2 ^32&+ • • *1

where and 6«= -&«. for all values of r and s. There arc

then - 1) quantities Let the determinant of the ft’s be

Aft and B„, the minor corresponding to &«. We can eliminate

the quantities ft, and obtain n relations

AftXi= (2Bi;t — Aj)a5j^ 4-2B2i«B24‘ SBgj^a^-f-

AftX2= 2Bi2!»i + (2B^ - Aft)i»24-2B32aj3+ ...»
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and from these another equivalent set

AifXj= (2Bjj — A5)Xi + 2B22X2+ 2B13X3+

and now writing

2B21X1 + (2B22 - A6)X2 + 2B23X3 +

*

As As

we have a transformation which is orthogonal, because SX^=Sa^
and the elements a** are functions of the in(n - 1) independent

quantities &. We may therefore form an orthogonal transforma-

tion in association with every skew determinant which has its

leading diagonal elements unity, for the 1) quantities 5 are

clearly arbitrary.

For the second order we may take

A2^= 1,^
I
_

-X, 1
= 1 + X2,

and the adjoint determinant is the same ;
hence

(1 +XV=(1 ” 2XX2,

(1 +X2)a?2 = - 2\Xi+ (1 -X^)X2.

Similarly, for the order 3, we take

1 V-

As=

and the adjoint is

l-hX^ I' + X/i -fc+Xi'

-y-tX/i 1-hjuP X-hju.y

ju.+ Xy -X + /:iy

leading to the orthogonal substitution

A^= (1 + - /i2 - y2)Xi + 2(v -i- Xac)X2 4- 2( - yx+

X

j^)X3

AfrOJa= 2(Xya - v)'L^ + {l-\-]ii^-X^- 4 2{fiv + X)X3

Aisc^= 2(X>^4 /a)Xi 4 2{fjLy - X)X24 (1 4 - X® -

Functional determinants were first investigated by Jacobi in a

work De Determinantihus Functionalibus. Suppose n dependent
variables each of which is a function of n independent
variables iCj, X2,...Xn, so that yti=fa{xi, From the differ-

ential coefficients of the y's with regard to the x\ we form the

functional determinant

dxi dx2 dxn

djj2 02/2 ^R—
I 00?, dXii

:=z(Vli y2i-^Vn\^/2»-yn

for brevity.
'

025/1

2! such that s«=0fi(2/ij y^-^yn)^ we
and we may consider the three de-

02/m

If we have new variables
have also Ss=^,(a?i, X2,...Xn),
terminants

fyi}y2i’"yn\ 2:2,
j

\Xi, X2. .^,XnJ' \Xj,

Forming the product of the first two by the product theorem,
we obtain for the element in the row and column

0»i

dyi dxj.'^dy^ 0ajjfc

, ^
*02/n dxi.'

f
3/1/ 1/2/*

^aji, aia,.

^yn
..Xn)-&

)-

^2/

072,.- Xn,

which is the partial differential coefficient of Cf with regard

to xi. Hence the prodrict theorem

\2/iJ 3/2>--*3/n/ \i

and as a particular case

(yi>y2i->’yn\(Xi,X2,..,Xn

Voi, X2,.,.XnJ\yi,y2f^^-yn

Theorem,—^If the functions 2/1, y2>*-*2/» independent of
one another the functional determinant vanishes, and conversely
if the determinant vanishes, y^, 2/2/ ^.re not independent func-
tions of ajj,

Linear Equations,—It is of importance to study the application
of the theory of determinants to the solution of a system of linear

equations. Suppose given the n equations

— + «ina!n=0,

^= <352^^^4 <®2^J32 "b ••• 4Cl2n*^»“0,

A=<»niaa4 an2!»24 ... 4 a„nic»= 0.

Denote by A the detemadnant (011022-
Multiplying the equations by the minors Ai/x,A2jut,...A«/4 re-

spectively, and adding, we obtain

•C/i.(Oi/LtAijx4 02ftA2jui.4 ... 4 OnjxAn|ui) =£Cfi,A= 0,

since from results already given the remaining coefficients of

sBi, sb2» — vanish identically.

Hence if A does not vanish aji=cc2= .•.=a!n=0 is the only solu-

tion ; but if A vanishes the equations can be satisfied by a system
of values other than zeros. For in this case the n equations are
not independent since identically

Aim,/i4A2/u./24 ... 4 A„^/w=0,
and assuming that the minors do not all vanish the satisfaction
of 71 - 1 of the equations implies the satisfaction of the

Consider then the system of w - 1 equations

^21^1 "1“ ®22'^24 ... 4 aSnflJn= 0

^32*^24 ... 4 a^Xn=

0

a^iSCi4 a^sPh4 ... 4 annX^= 0

,

which becomes on writing —=2^,,
Xn

“2i3/i+ «^223^2+ - +a2»n-l2/»-l4a2n= 0

^3i3/i+ "322^2+ • . • 4 a3,n.-l2/n-.l 4 a3n= 0

ctniyi <^«22/24 ... 4 an,

4

ann= 0.

We can solve these, assuming them independent, for the n-1
ratios

2/i, 2/2, ...2/n-.i.

How
^21^11 4 a22Ai24 - • • 4 a2nA2n= 0

®31All 4 a32Ai24 ... 4 agnAin— 0

anlAii 4 an2Ai24 ... 4 annAin= 0.

and therefore, hy comparison with the given equations, Xi=pAii,
where p is an arbitrary factor which remains constant as i varies.

Hence where Ait and Ain are minors of the complete

determinant (aiia22...ann).

^21 ^2! a2,t+l ...aon

^31 *^32 as, 44-1 . . .asn

anl 0/^2 ...anji—l . . .a^n

®21 ^22 ...®2,n-l
1

^31 ^32

a«i an2 ...anjn-i

or, in words, yt is the quotient of the determinant obtained by
erasing the i^^ column by that obtained by erasing the 71^*

column, multiplied by ( - 1)*"*"". For further information concern-

ing the compatibility and independence of a system of linear

equations, see Gordan, Torlesungen iiber Invariantentheorie, Bd.
1 , § 8 .

Resultants,—^When we are given k hpmogeneous equations in k
variables or Tc non-homogeneous equations in A - 1 variables, the

equations being independent, it is always possible to derive from
them a single equation R=0, where in R the variables do not
appear. R is a function of the coefficients which is called the

“resultant” or “ eliminant” of the k equations, and the process

by which it is obtained is termed “elimination.” We cannot
combine the equations so as to eliminate the variables unless on
the supposition that the equations are simultaneous, ^.e., each of

them satisfied by a common system of valtes ; hence the equation

R= 0 is derived on this supposition, and the vanishing of R ex-

presses the condition that the equations can be satisfied by a

common system of values assigned to the variables.

Consider two binary equations of orders m and n respectively

expressed in non-homogeneous form, viz.

f{x)=/=ao®”‘ "" aiJB’"”^ 4a2J*^“® = 0,

<l>[x)
— <l>—bffxP -6i£C”

”^ 46223*^ “2- ,..=0.

If ai,a3,...am be the roots of /=0, /Sj, jSg, ...j3n the roots of ^^=0,
the condition that some root of 0=0 may cause / to vanish is

clearly

so that 1^,0 is the resultant of/and 0, and expressed as a function

of the roots, it is of degree m in each root /5, and of degree n in

each root a, and also a symmetric function alike of the roots o and
of the roots p ;

hence, expressed in terms of the coefficients, it is

homogeneous and of degree n in the coefficients of /, and homo-
geneous and of degree m in the coefficients of 0.

JFx, gr,

/=aoa5®-aia54a2=0, 0=6oa^-6iic452«

We have to multiply we
obtain

- coo<hiPlP2+PjPt)+^oC^2iPt +^i) +
-aia2(/3i4ft)4a|,

where

o ,a 0 o — <os T Qg — 2&o^2

and clearing of fractions

“ (ao&2 " "4 (a^^o “ ~
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"We may equally express the result as

or as

^(ai)0(aj). .^(o„)= 0,

n(a,-^j)= 0.

This expression of R shows that, as will afterwards appear, the
resultant is a simultaneous invariant of the two forms.

The resultant being a product of mn root differences, is of
degree mn in the roots, and hence is of weight omi in the coefficients

of the forms
;

i.e., the sum of the suffixes in each term of the re-

sultant is equal to mn.
It&sibUctnt JExpressihle as a Determinant,—From the theory of

linear equations it can be gathered that the condition that jp linear

equations in p variables (homogeneous and independent) may be
simultaneously satisfied is expressible as a determinant, viz., if

+ . . . + OlpXp= 0,

+a^^+ . . . +a^p= 0,

apiX^ + + • • • + = 0,

be the system the condition is, in determinant form,

{araa^..,app) = 0 ,*

in fact the determinant is the resultant of the equations.

Now, suppose/and 0 to have a common factor 33-7,

fj and <pi being of degrees m -

1

and n-\ respectively
; we have

the identity <^i(a5)/(a3) =/i(a5)0(£c) of degree m+n-1.
Assuming then to have the coefficients Bj, ...Bn

and/i the coefficients Ai, A2, ..A„i,

we may equate coefficients of like powers of x in the identity, and
obtain wi+ w homogeneous linear equations satisfied by the m+7i
quantities B^Bg, ...B„,Ai, A2,...A„i. Forming the resultant of

these equations we evidently obtain the resultant of/ and 0.

Thus to obtain the resultant of

/= + Or^x^+ + ag, ^ + liX +

we assume the identity

(Boas+ Bi)(«oaj*+

+

a^+ a^ = + Ai^s+ A2)( + liX+
and derive the linear equations

" -^0^0 ~
Bq^i + B^aco "" "^0^1 ” -^1^0 ”
Bo^SSg+ Bj^l — A0&2 ”
BjOSg+ BjiXg — AjSg “ >^2^1~

B^f^g — A2&2“

and by elimination we obtain the resultant

0 &o ^ ^

OSo

al
0

h
h
0

0

h 0

5] 5o

&2

0

a numerical factor

being disregarded.

these equations involve the m powers jr®, ce, of x, and
regarding these as the unknowns of a system of linear equations
the resultant is reached in the form of a determinant of order 7/1.

Ex. gr. Put

{iifP?+ cqa*- + + a<^)('bQX*'^ + hjx! + So) ” + %)
(^)o^c^-f-5l:;c+^»a) = 0 ;

after division by a; ~ 33' the three equations are foimed

aob^x^+ ctQiiX+ = 0,

(^0^2 a^pj^ — ^2^0) ^ ^1^2 — ^5^0“
+ («i&2 -ct.J?Q)x+ a2b»~a^bi =0,

and thence the resultant

^0^1 ^0^2 "i
" ^^1^1 ” ^2^0 ^1^2 "

^0^2 1^2 ~ tl2^2 ~~ ^3^1

which is a symmetrical determinant.
Case of Three Variables .—In the next place we consider the

resultants of three homogeneous polynomials in three variables.
We can prove that if the three equations be satisfied by a system
of values of the variable, the same system will also satisfy the
Jacobian or functional determinant. For if -y, w be the poly-
nomials of orders 7/1, n, p respectively, the Jacobian is v^w^)y
and by Euler’s theorem of homogeneous functions

X7ii + 2/^2 +
a3^l +i/r2 +2^73

denoting now the reciprocal determinant by (Ui Y2 Wg) we obtain
Ja5='7?2ZAUi+«.'yVi+_2?'wWi ; J^=..., Jz=. and it appears that
the vanishing of «, -r, and w implies the vanishing of J. Further,
if m=9i=p, we obtain by differentiation

J-h35,
?J / :

7i-
CX \

aui^ avi
cx cx

0Wi
CX

+ WjUi + + 2^^iWi
y

0WA
a;;r- = (m- l)J + ??i( + )•
ox \ cx cx cx J

' 0J
Hence the system of values also causes ^ to vanish in this case

;

and by symmetry ^ and ^ also vanish.

The proof being of general application we may state that a
system of values which causes the vanishing of k polynomials in
k variables causes also the vanishing of the Jacobian, and in
particular, when the forms are of the same degree, the vanishing
also of the differential coefficients of the Jacobian in regard to
each of the variables.

There is no difficulty in expressing the resultant by the
method of symmetric functions. Taking two of the equations

ax^ + {py + C5)ic”»~^ + . . . = 0,

a'ai®+ {Vy+ c'z)x^-^ + . . . = 0,

This is Euler’s method. Sylvester’s leads to the same ex-

pression, but in a simplex manner.
He forms n equations from / by separate multiplication by

... a?, 1, in succession, and similarly treats <p with m
multipliers cc”*”®, ...cb, 1. From these rrt'^-n equations he
eliminates the 71%+% powers 35”^+^“^, .,.aj, 1, treating
them as independent unknowns. Taking the same example as
before the process leads to the system of equations

a^’\-ar^7(?’^a^+a^x =0,
= 0

,

\x^+ + 62
33^ =

I 0Qaj^+5j^aj+&2

whence by elimination the resultant

^

CSq 05]_ 0^2 C&g 0

0 Ory

&o ^1 ^2 ^ ®
0 &(y &2 ^
0 0 2>() &2 ^2

which reads by columns as the former determinant reads by
rows, and is therefore identical with the former. Bezont’s
method gives the resultant in the form of a determinant of order

m or n, according as m is %n. As modified by Cayley it takes

a very simple form. He forms the equation

which can be satisfied when / and
<i> possess a common factor.

He first divides by the factor a; -a?', reducing it to the degree
w - 1 in both x and x* where m>n; he then forms m equations
by equating to zero the coefficients of the various powers of a?'

;

we find that, eliminating cc, the resultant is a homogeneous
function of y and z of degree nm

;
equating this to zero and

solving for the ratio of ?/ to s we obtain 7n% solutions ; if values

of y and z, given by any solution, be substituted in each of the

two equations, they will possess a common factor which gives a

value of X which, combined with the chosen values of y and z^

yields a system of values which satisfies both equations. Hence
in all there are mn such systems. If, therefore, we have a third

equation, and we substitute each system of values in it succes-

sively and form the product of the nnn expressions thus formed,

we obtain a function which vanishes if any one system of values,

common to the first two equations, also satisfies the third.

Hence this product is the required resultant of the three

equations.

How by the theory of symmetric functions, any symmetric
functions of the mn values which satisfy the two equations, can

be expressed in terms of the coefficient of those equations. Hence,

finally, the resultant is expressed in terms of tne coefficients of

the three equations, and since it is at once seen to be of degree

mn in the coefficient of the third equation, by symmetry it mnst
be of degrees np andpmm the coefficients of the first and second

equations respectively. Its weight will he 7nnp (see Salmon’s

Higher Algebra^ 4th ed. § 77). The general theory of the

resultant of h homogeneous equations in h variables presents no

further difficulties wen viewed in this manner.
The expression in form of a determinant presents in general

considerable difficulties. If three equations, each of the second

degree, in three variables be given, we have merely to eliminate

the six products y\ z\ yz, zx, xy from the six equations
* 0J 0J 0J

i«=ij='i£j=g^=:g^=g^=50 ; if we apply the same process to these

equations, each of degree three, we obtain similarly a deter-

S. I— 36
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ininant of order 21, but thereafter the process fails. Cayley,

however, has shown that, whatever be the degrees of the three

equations, it is possible to represent the resultant as the quotient

of two determinants (Salmon, l,c. p- 89).

Discriminants. — The discriminant of a homogeneous poly-

nomial in k variables is the resultant of the Jc polynomials foi'med

by differentiations in regard to each of the variables.

It is the resultant of k polynomials each of degree wi-1,

and thus contains the coefficients of each form to the degree

(m-l)^"-^; hence the total degrees in the coefficients of the k

forms is, by addition, k{m - 1)^“^
;
it may further be shown that

the weight of each term of the resultant is constant and equal

(Salmon, l.c. p. 100).

A binary form which has a square factor has its discriminant

equal to zero. This can be seen at once because the factor in

question, being once repeated in both differentials, the resultant

of the latter must vanish.

Similarly, if a form in k variables be expressible as a quadratic

function of ^-1, linear functions X^, Xg, Xft_i, the coefficients

being any polynomials, it is clear that the k differentials have,

in common, the system ofroots derived from X^= Xg= . . . =X^= 0,

and have in consequence a vanishing resultant. This implies

the vanishing of the discriminant of the original form.

Expression in Terms of Moots .—Since x

any root i/i, of and substitute in mf we must obtain

: hence the resultant of % and / is, disregarding
x=xi ox

numerical factors, 3/12/2... 2/w-i x discriminant off=ao x disct. of/.

Now
/= {xyi - xiy){xy2 - xay) . .

. {xy,n - x^y\

weight of the function is the sum of the numbers in the bracket,
and the degree the highest of tho.se numbers.

’

Ex. gr. The elementary functions are denoted by

(1), (1^), (n...(l”),

are all of the first degree, and are of weights 1, 2, 3, ... n re-

spectively.

Remark.—In this notation (0) = SaS=(?); (0-)=:Sa5a2=(2) ;...

(0*)= (”), &c. The binomial coefficients appear, in fact, as sym-
metric functions, and this is frequently of importance.
The order of the numbers in the bracket is im-

material ; we may therefore always place them, as is most con-
venient, in descending order of magnitude

;
the numbers then

constitute an ordered partition of the weight w, and the leading
number denotes the degree.

The sum of the monomial functions of a given weight is called

the homogeneous'product-sum or complete symmetric function of
that weight

;
it is denoted by

;
it is connected with the

elementary functions by the formula

= \ q--— =l + h:iX+ h^^-{-h^+ ...,
1 - 4- . .

.

which remains true when the symbols a and h are interchanged,
as is at once evident by writing - x for x. This proves, also,

that in any formula connecting ctg, ... with Tlo, ...

the symbols a and h may be interchanged.

Ex. gr. from h^=:^a\ we derive a^-=.'h\ -li^.

The function Saf^afA.. being as above denoted by a parti-

tion of the weight, viz. i't is necessary to bring under
view other functions associated with the same series of numbers ;

such, for example, as

Safi afi 'en-i)-

^= Siyi(a!2^2 -m) • •

and substituting in the latter any root of/ and forming the pro-

duct, we find the resultant of/ and viz. :

—

2/i2/2- • •2/wi(JWi2/2
- aJ22/l)®(Ws - - a3s2/r)^- • •

and, dividing by 2/12/2...2/w} the discriminant of / is seen to be
equal to the product of the squares of all the differences of any
two roots of the equation. The discriminant of the product of

two forms is equal to the product of their discriminants multi-

plied by the square of their resultant. This follows at once

from the fact that the discriminant is

n(a. - a,)2ll(i3,- ft)2{n(a. -

References for the Theory of Determinants.—T. Muin’s “ List of

Writings on Determinants,” Quarterly Journal of Mathematics,

V. 18, pp, 110-149, October 1881, is the most important biblio-

graphical article on the subject in any language
;
it contains 489

entries, arranged in chronological order, the first date being 1693
and the last 1880.—T. Muie. History of the Theory of Deter-

minants. London, 1890.—School treatises are those of Thom-
son, Mansion, Baetl, Mollamb, in English, French, German,
and Italian respectively.—Advanced treatises are those ofSpottis-

wooDE, 1851 ;
Briosghi, 1854 ; Baltzer, 1857 ;

Salmon, 1859 ;

Tkitdi, 1862 ;
Gaebibei, 1874 ;

Gunther, 1875 ; Dostor, 1877 ;

Babaniecki (the most extensive of all), 1879
;
Scott, 1880

;

Mtjir, 1881.

II. The Theory of Symmetric Functions. •

Consider n quantities ai, ®2)

Every rational integral function of these quantities, which
does not alter its value however the n suffixes 1, 2, 3, ... w be
permuted, is a rational integral symmetric function of the
quantities. If we write (l-hai£c)(H-a2£c).-.(l + a„cc)= l-f-aiic-i-

ai, 02, ...an are called the elementary symmetric
functions.

~ oti+ ct2 4" ... 4" Ufi“ Sctj

Ofj =aia2+ ®ia3+fl2Ct84" ... = 2aja2

an= ttictgas , . . an.

The general monomial symmetric function is

12 3 •••“'n. 9

the summation being for all permutations of the indices whio
result in different terms. The function is written

(pipsps^.pn)

for brevity, and repetitions of numbers in the bracket are in-

dicated by exponents, so that (jJiPiPa) is written (plP2)- The

The expression just written is in fact a partition of a partition,

and to avoid confusion of language will be termed a separation

of a partition, A partition is separated into separates so as to

produce a separation of the partition by writing down a set of

partitions, each separate partition in its own brackets, so that

when all the parts of these partitions are reassembled in a single

bracket the partition which is separated is reproduced. It is

convenient to write the distinct partitions or separates in

descending order as regards weight. If the successive weights

of the separates Wi, be enclosed in a bracket we obtain

a partition of the weight w which appertains to the separated

partition. This partition is termed the specification of the

separation. The degree of the separation is the sum of the

degrees of the component separates. A separation is the symbolic

representation of a product of monomial symmetric functions. A
partition, (Pj!PiPiP2p2!Ps)~i!PVPl'P^t can be separated in the

manner {p-JP2){PiP2^{V\JPs)= {ViT2f{M^7 and we may take the

general form of a partition to be [p^^p^^p^^-^-) and that of a

separation (Ji)-^i(jr2)’^2(Jg).>3... when Jj, Jg, J3... denote the distinct

separates involved.

Theorem.—The function symbolized by {n), viz., the sum of the
qith powers of the quantities, is expressible in terms of func-

tions which are symbolized by separations of any partition

{n^^nfn^^...) of the number n. The expression is

—

f __
/i+ya+V3+... (yi4-y2 + y3 + ..

(J‘i)-^i(J2)^'2(J3)^3... being a separation of and the

summation being in regard to all such separations. For the
^

particular case ) = {!”’)

7h .?lU2V3-'*‘

To establish this write

—

1 -t- /tX^ 4- jW-^Xg 4“ 4“ . . . — 11(1 "b 4" "b -b • • * )*

the product on the right involving a factor for each of the

quantities a^, ag, ttg..., and p being arbitrary.

Multiplying out the right-hand side and comparing coefficients

Xj— (l)a5j,

X3= (2)jCg+ (l>|,
X3= (3)aJ34- (21)a;2a5i 4- (l®)a5?,

X4= (4)a?4 4- (31)0:30^ -b (22)£c| 4-

the summation being for all partitions of m.
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Auiciliary Theorem ,—The coefficient of

product

Y^s

At Ao A** . ,7
in the

where
/tilAial/iai-*-

(Jj)-'i(J2)-^2(J3)'^j.., is a separation of ..) of si>eeification

and the sum is for all such separations.

To establish this observe the result.

Ip ^(3)^ir21)Ml^r"

ITilTTglTT^!P
and remark that

Hence the products s^, $ji, S5, 'vill appear.
From the formula

(21-j =5(2i2)
-

5(2i)%) - 2^(2)%-)

1.1 «— ?4 — 53S2 “• 2^5 d" 2^2^! *

a result easy to verify.

Theorem of Ueeiproeiiy ,—If

where ^ is a numerical coefficient, then also

(3)ffi(21)’^2(i3)’r3 is a separation of (3’^i2’^3i’r2T-3:raj specification

(ZP). A similar remark may be made in respect of

— —X^ ~X^' ...

Mg! A*..'

and therefore of the product of these expressions. Hence the

theorem.

Isow
log (1 +aiXi-t/i-^X2+/x^X3+...)

= 2 log (1 + fia-^Xi+ fi^alx^+ At^a Jet's+ • • •

)

w’hence expanding by the exponential and multinomial theorems

a comparison of the coefficients of /a” gives

1'1+V2+^3+-- “1
I'l Vft r

,/yj ^yi “ra ••

2 f
,^J'i+»'2+V34-... 1

(^'i + j'g d- + . . . “1)!

and, by the auxiliary theorem, any term on the

right-hand side is 'such that the coefficient of in

1

: (j,)A(j3y2(JsV3...
^

j JMh--
where since . .

. )
is the specification of ( .

.

,

All -t A^ 4- A^a+ . • . =ii d-ig d-^s+ . . . . Comparison of the coefficients of

therefore yields the result

( _ x^id-va+^^ad- • . (vid-yg+^ad- ..

vjlvalrs!..

-1)!
(n)

for the expression of 'Sa”- in terms of products of symmetric

functions symbolized by separations of

Let {n)aj {n)x) (^)x denote the sums oTf the powers of

(quantities whose elementary symmetric functions are Oi, %, ;

a?!, a.’2, a?3, ... ;
Xj, X2, Xg, ... respectively : then the result arrived

at above from the logarithmic expansion may be written

Wa{n)x~{oi)x,

exhibiting (?i)x as an invariant of the transformation given by
the expressions of Xj, Xg, Xg ... in terms of iCg, JCg, —

^

The inverse question is the expression of any monomial sym-
metric function by means of the power functions (r)=5r. We
have just seen txiat Sr is expressible in terms of symmetric
function products symliolized by separations of any partition

0{V5Vf...)of»-.

Let this expression be denoted by
Tkeorevi.—It can be shown that

where

denotes a separation of . .) and the summationisinregard

to all such separations. If (Ji), (Jg), (Jg) ... be of weights %, %, . .

.

it is clear that the product 454^4®- •• appear on the right-

hand side, and that is a specification of a separation of

JSx, gr. To express (21®) in terms of power functions.

^

The separations of (212) ^212), (h.) (21) (1) ; (iii.) (2) (1®),

(iv.) (2) (1)2 and the corresponding sj)ecifications (4), (31), (2®),

(X7r„-l)!(S7rg,^l)|..,

hUfiW -.5rn'^i2...lT2i!7r22

X^XJXJ. . + .

We have found above that the coefficient of in the

product is

Ail! A^oJ i“3*'

Jl'-k'Js' ••
’

the sum being for all separations of which have the

specification We can multiply out this expres-

sion so as to obtain a series of monomials of the form 6{s^^s^h^^.,,),

It can be shown that the number d enumerates distributions of

a certain nature defined by the partitions (s^^s^®...),

and it is seen intuitively that the number 6 remains

unaltered when the first two of these partitions are interchanged
(see C0MBINATORIA.L Analysis). Hence the theorem is estab-

lished.

Putting Xj^=l and x^=X2=x^= ..=0, we find a q>articular law'

of reciprocity given by Cayley and Betti,

and another by putting a’i = .r2=rg=. .=1, for then X,,^ becomes
7(,h, and we have

= - -b ...) + ...

.

Theorem ofBxpTesei'bility,—^^\i a symmetric function be sym-
bolized by (Xiuv...) and (XiXgXg...), (AtiA^3---)> (Ws-*)-* Le any
partitions of X, a*, v^.,. respectively, the function (Kpv..,) is ex-

pressible by means of functions symbolized by separations of

(XiXgXg. . ./^i/X^g. . .
.

).”

For, w'riting as before,

= 7i?x^a^4!-,

Pis a linear function of separations of of specification

a“difX5>X^“X2'...=SP'»J»^^..., P' is a linear

function of separatioBis of of specification

Suppose the separations of to involve fc different

specifications and form the Jc identities

where is one of the k specifications.

The law of reciprocity shows that

viz. :—a linear function of symmetric functions symbolized by

the A; specifications; and that A table may be formed

expressing the k expressions P^^^ . . as linear functions of

the k expressions 5=1, 2, ,.,k, and the numbers

dgt occurring therein possess row and column symmetry. By
solving k linear equations we similarly express the latter func-

tions as linear functions of the former, and this table will also he

symmetrical.

Theorem.
—*‘The symmetric function ...) whose

partition is a specification of a separation of the function

symbolized by (zj^^Z^Z^*...) is expressible as a linear function of

symmetric functions symbolized by separations of (Z^^^Z^^-0 and

a symmetrical table may be thus formed.” It is now to be re-

marked that the partition (Zj^zJ^Z^®...) can be derived from
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Mij! W •

..-2 ‘

{m^^^in^m^^...) by substituting for the numbers ?%,

cei^ain partitions of those numbers {vide the definition of the

specification of a separation). _ . i r

Hence the theorem of expressibility enunciated above. A
new statement of the law of reciprocity can be arrived at as

follows :

—

Since

Where is a separatiott of of speoifloa-

tion placing s under the summation sign to

denote tSie specification involved
;

3i'-k'-h'- - 2 ‘

t a=l

where 6ft— Bt,.

Theorem of Symmetry .—If we form the separation function

: appertaining to the function

each separation having a specification multiply

by jai4l)LC2«! ••• take therein the coefficient of the function

we obtain the same result as if we formed the

separation function in regard to the specification

multiplied by fiitl ••• and took therein the coefficient of

the function

= (31®) ;
we find

(21){12)(1) + (1®)(2)(1) = . .. + 13(31®) + . . .,

(21)(1)3=... + 18(321) + ...,

The Differential Operators,—Starting with the relation

(1 + ai£i3)(1 + a^) . .
.
(1

+

OnX) = 1

+

aiX+a^^+ . . . +

multiply each side by 1 + fix, thus introducing a new quantity fi

;

we obtain

(1 + aiaj)(l + a^) . . ,(1 + aa£i3)(l + /xaj)= 1 + (%

+

fi)x+ {a^+ iia^)o(^+ . .

.

so that/(ai, ttg, a3,.,.an)=f a rational integral function of the
elementary functions, is converted into

/(«! +ft 02+ /Ml, . . .<l„+ fiOn-i)=/+M/+ f’|<^l/+ • •

where
2!

0 0

and di denotes, not s successive operations of di, but the operator
of order s obtained by raising di to the power symbolically as

in Taylor’s theorem in the Diff. CaL

Write also irff=D* so that
51 *'

/[<ii+/t, oj+ztoi, ...o„+/ta,._i)=/+/iDi/+/t®D2/+/t®D3/+ ...

.

so that we are only concerned with the successive performance of

linear operations. For this purpose write

ds= 0rt^+ + <-"(

2^«s+2 ‘ ’

It has been shown {vide ‘‘Memoir on Symmetric Functions of
the Eoots of Systems of Equations, ” FhiL Trans. R. S., London,
1890, p. 490) that

exp{mfL-^ + + • • ) = + M^c^g +...),

where now the multiplications on the dexter denote successive
operations, provided that

e£»2?(Mi|+ + M3^® + ...)= ! + + . .
.

,

^ being an undetermined algebraic quantity.

Hence we derive the particular cases

i^cZi= eaJ29(£^i-i^3+ |i^3-...)
;

expfjd^= exp{fjd^ - -...),

and we can express D/, in terms of d^, d^, ..., products denoting
successive operations, by the same law which expresses the

elementary function ag in terms of the sums of powers 5^, 53, 53, ...

.

Further, we can express dg in terms of Dg, £>3, ... hy the same
law which expresses the power function Sg in terms of the ele-

mentary functions a^, a^, a^,— *

Operation of D, upon a Product of Symmetric Functions.—Sup-

pose/to be a product of symmetric functions /i/g-./^i. If in

the identity /=/i/2.-./i,i we introduce a new root ii we change a,

into a«+/ccttj«i, and we obtain

(1 + ^Di+ ^^D2+ ... +/a*D4+ ...)/

= (1 + fiDi+ + . .

.

+ fFDg +...)/!
X (1 +/i.I)ii-ya^D2+ +ja®Di+ ...)/2

X .

X (1 + flDi + fl^T)2+ . • • + + . .
. )/7n>

and now expanding and equating coefficients of like powers of fi

1^3/= 2(I^s/i)/2/3 • /m+ 2(J32/i)(Di/2)/3. . ./jyt+ 2(D3/i)/3/3. . ./m,

the summation in a term covering every distribution of the

operators of the type presenting itself in the term.

Writing these results

Di/=I)(i)/,
D2/=I)(2)/+D{i2)/,
1)3/= 1^(3)/+ ^(21)/+ 1^(1®)/?

we may write in general

Ds/=SD(^i232393...)/;

the summation being for every partition (2?ii52p8-..) of s, and

••)/ being = S(Dpi/])(Dj92/2)(Di93/3)/4. . ./W
A/jc. gr. To operate with D2 upon (21®)(21^)(1®), we have

D(2)/= (1®)(214)(1«) + (21»)(14)(16),

D(i2)/= (212)(213)(1«) + (21®)(21®)(1^) + (212)(214)(14),

and hence

1)2/= (21")(1'')(1®) + (21®)(1«)(1") + (21®)(212)(15) + (21®)2(14)

+ (214)(212(14).

The introduction of the quantity p converts the symmetric
function (XiXgXg...) into

(X1X2X3 + ...) + .
. ) + M^^(XiXg. .

. ) + a*^®(XiX2. . .) + .,..

Hence, iif{a^, a^, ...an)= {\-;>^^.:),

(XiX2Xg. .
. ) + .

. ) + /U^CX^Xg. .
. ) + /a^®(X]jX2 ...)+ ,.,

== (1 + fit)i+ iFi>2+ + . .

.

)(XiX2X3. .
.
).

Comparing coefficients of like powers of fi we obtain

= (X2X3..
. ),

while Di(XiX2X3...)=0 unless the partition (X^XgXg..
) contains a

part s. Further, if HxiDA.3 denote successive operations of Daj
and Da3,

.)=:(X3

and the operations are evidently commutative.

Also — and the law of operation of

the operators D upon a monomial symmetric function is clear.
We have obtained the equivalent operations

1 +/aDi+A®2+/4®D3+ .„^expfidi

where denotes (by the rule over ea^) that the multiplication

of operators is symbolic as in Taylor’s theorem, d^ denotes, in fact,

an operator of order s, but we may transform the right-hand side

Application to Synmietric Function Multiplication .—An ex-

ample will explain this. Suppose we wish to find the coefficient

of (52^1®) in the product (21®)(21^)(1®)-

Write
(213)(214)(1*5) = . . . + A(524)(l®) + . .

. ;

then
D5DJD?(21®)(21*)(1®)=A

;

every other term disappearing by the fundamental property of

D*. Since
Dg(21®)(21^)(l5) = (l®)(l‘‘)(l^),

we have :

—

%-A

where ultimately disappearing terms have been struck out.

Finally A= 6 . 12= 72.

The operator dri^a^0Li+a^a2 +a^a^+ ... which is satisfied by

every symmetric fraction whose partition contains no unit (called

by Cayley non-unitary symmetric functions), is of particular im-

portance in algebraic theories. This arises from the circum-

stance that the general operator

Xq^O^^I "1* X|^CS^0C52+ X2^20(3J3+ • «

•

DtDf(l4)(l4)(i3)=.A
DgDi {(13)(1®)(1®) 4- 2(1^)(1®)(12)} =A
DID? {5(1®)(12)(12) + 2(1^)(12)(1) + 2(1®)(1®)(1)} fA
DgD? fl2(l2)(l3)(l) + 7(1®)(1)(1) + 2(1^)(1) + 6(1®)(1‘

D?12(1)®=A,
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is transformed into the operator by the substitution

(fifQ, ...)— {GiQf XoXir(!2j . XqXj ..Xs_2^35g, •••)>

SO that the theory of the general operator is coincident with that

of the particular operator d^. For example, the theory of in-

variants may be regarded as depending upon the consideration

of the symmetric functions of the differences of the roots of the

equation
QqX^ - (” )ajX'^-^ 4- (“ - . . . = 0 ;

and such functions satisfy the differential equation

a^Cdi 4- 2%oa2+ Sa2da^ 4- . 4- nan-ida,i= 0.

For such functions remain unaltered when each root receives the

same infinitesimal increment
; but writing a; - /i for x causes

% "• become respectively

^^dy(ct(), becomes

/4- h{a^ax + 2^1002+ 4- . .
. y;

and hence the functions satisfy the differential equation. The
important result is that the theory of invariants is from a certain

point of view coincident with the theory of non-unitary symmetric

functions. On the one hand we may state that non-unitary

symmetric functions of the roots of

are symmetric functions of differences of the roots of

«oa;«-ll(^)aia;’*-^4-2!(«)a2a5«-2- ... = 0 ;

and on the other hand that symmetric functions of the differ-

ences of the roots of

4- (" - . . . = 0,

are non-unitary symmetric functions of the roots of

a^x^ - 4- ” • • = 0.

An important notion in the theory of linear operators in

general is that of MacMahon’s multilinear operator (“Theory of

a Multilinear partial Differential Operator with Applications to

the Theories of Invariants and Reoiprocants,” Proc. Lond. Math,

Soc,, t. xviii. (1886), pp. 61-88). It is defined as having four

elements, and is written
n)

=^['^o'3a„+(^+'') (m-lj an+i

m -1
,

m ! TTb--2 2*1^

,«o ofg 4-
(m--2)1

'2'-j«0 ^lS<^an+2

m -1 m 1 m -2
1^0 (m -2)!iT 111

aQ aia^

4-
(m-

m !

"syi“3
m

l«o
—83 1 _

the coeffleiont of being operators

ao3oi'*‘“i9a2+-"> «o9ai+ 2ai3a2
+”- are seen to be (1 , 0 ;

1
,
1 )

and (1 , 1
; 1

, 1 ) respectively. Also the operator of the Theory
of Pure Reciprocants (see Sylvester Lectures on the New Theory

of KeciprocantSy Oxford, 1888) is

(4, 1 ;2, l)=^{4ao0aj^ + lOaoai0£j^4'6(2aQa2 4*af)0^^4-...}

It will be noticed that

(ac, V
;
m, n)~p{l, 9 ;

m, n) 4- ^(0, 1 ; m, n).

The importance of the operator consists in the fact that taking
any two operators of the system

(/A, V ; m, n)
;
(/i\

the operator equivalent to

(/t, y ; m, ; vi?, n^) - ti^)(M, v ,* m, n),

known as the “alternant'' of the two operators, is also an operator
of the same system. We have the theorem

{p, v;m,n){fi\ n^) - (/i\ • m\ w1)(a, v ; m, w)= %)

;

where

/ii= (j»i+OT - i)(^j(/*+ jiV) - £(Ati+»y^)]-

,

/I ^ 1 .
m - 1 , - 1 ,

Vi= («<^ - njy^y 4 r- Mry av^ ,

mi=m^4-m-l

,

ni-n^’hUf

and we conclude that qud “alternation” the operators of the
system form a “group.” It is thus possible to study simultane-
ously all the theories which depend upon operations of the group.

Symbolic Eepresentation of Symmetric Functions ,—Denote the

ttj a** (L

elementary symmetric function by ~ , -3 ,

-.-I

, ... at pleasure;

then, taking n equal to co
,
we may write

l4-a;ia;*4-£35^-4- ,.=(l+pix){l+ppe) . = e^^^=ea^=e°‘^^=

where

Further, let

1 4- 5ia; 4- 4- . . .
4- = (1 4- (Tiai) (1 + (Taa;) . .

. (1
4- ffmx)

so that

l4-<Xicri4-o^2<^i 4- ... = (l4-pi<ri)(l 4-p20'i)... ,

1 + a^cr2
4- a^a^ 4- . . .= (1 -f- 4- • • =e°^^- ,

l4-oqa-„i4-a20'^4- •..= (l4-pi(7«i)(l4-p20',,i).., = <j‘^"‘®”^
;

and, by multiplication,

11(14- 4-a20‘^4- ...)=II(1 4-6ip4- &op^ 4- . . . 4-

,

or P
“

_ ^<nai4-<r2a24- . . +(r^a.^n
^

Denote by brackets ( )
and [ ] symmetric functions of the quan-

tities p and <r respectively. Then
1 4- ai[l] 4- a?[l2] + ao[2] 4- al[l^] 4- a^al21} 4- a^lZ} 4- ..

.

+
api«p3«j)3-

• •“pSPiP^s- • I’m] + • -

= 1 + 6i(l) +JK1=) + 62(2 )+ (!•*) + 5i&3(21) + 63(3 )+ ...

+ ifJ®.. +-
_ friai+<riia2.. 4-tr,„a„i

^

Expanding the right-hand side by tiie exponential theorem, and
then expressing the symmetric functions of Ci, o-q, which
arise, in terms of &2 )

• w-e obtain by comparison with the
middle series the symbolical representation of all symmetric func-

tions in brackets ( ) appertaining to the quantities p^, P2j Ps
To obtain particular theorems the quantities cti, erg, cr3,...a-.M are
auxiliaries which are at our entire disposal. Thus to obtain
Stroh's theory of seminvariants put

^1= ^1 + ‘^2 + **• = [!]== 0 ;

we then obtain the expression of non-unitary symmetric functions

of the quantities p as functions of differences of the symbols

i
U-lJ «-

2) ®-3> * • •

I

Ex, gr, Z'|(2®) with 971 = 2 must be a teim in

e<T101+0'2<J4_

^

01(01 - 03)_ _

^

and since =crf we must have

(2®)=L(ai- 03)*= i(oJ + o^) - g(o5a2+ ajai) + jaf a|

= 2a^-2a-ya^-\-al

as is well knowm.
Again, if (Tj, o-g, o-g.-.o-w be the m, roots of -1, &i=: 62 =...

= 6m-i= 0 and &w"=l, leading to

1 + (m)+ {m?) + (m*)+ ...= 3n<xi+<r2
«2+ .+<n»am

and .

.
•

. {m*)= + cr^2 4” — 4- <rrrAm)^y

and we see further that {(TiCLi^ 4- Cgag 4- ... 4- o'«iam)^ vanishes identi-

cally unless Jc=0 mod m. Ifm be infinite and

l4-&xi»4-^2»-4-... = (l 4-<ria?)(l4-<r2a5).,. = e^i®=c^^=...
,

we have the symbolic identity

^<7iai4-<r3a24*<r3a34-. • . ™ gPl^l4-p2^24‘P3^a4-. -
•

,

and
{(Tiai-jr 0'2(^+ ..-)^==(pift 4-po^2+ P3?3"b .•)^ -

Instead of the above symbols we may use equivalent differential

operators. Thus let

and let a, J, c, ... be equivalent quantities. Any function of

differences of «6, «c. - being formed the expansion being

carried out, an operand % or h^ox Cq.„ being taken and &, c,.,.

being subsequently put equal to a, a non-unitary symmetric

function will be produced.

Mx. gr. (Sa-mSa- 5<^^=(^S-2^,Si+^D(^,- 5,^

= ^-25j5j4.5»^- ^«o+ 23AS.-
= “ 4" 4" ^cxrjb^^ej

,

""

= 2(®j — SGtjfiCg-l- 3iifg)= 2(3).

The whole theory of these forms is consequently contained im-

plieildy in the operation d.
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Sym 7)ze&ic JFuTictions of SevetaX Systewis of Quantities ,—It \yill

sufS.ce to consider two systems of quantities as the corresponding

theory for tliree or more systems is obtainable by an obvious

enlargement of the nomenclature and notation.

Taking the systems of quantities to be

Ct-l5 Ct-2J ^'Sj “ •

h A>*-*

we start with the fundamental relation

( 1 + + jSi2/)(l + ^2® + j^22/)(l + • •

= 1 + ttiojr + aoi?/ + + a^xy+ + . . . + V+ • • •

As shown by Sclilafli* this equation may be directly formed

and exhibited as the resultant of two given equations, and an

arbitrary linear non-homogeneous equation in two variables. The
right-hand side may be also written

1 -j- 'ZuiX+ S/3j 2/ + Saia2JC“+ SttijSasey + + •

'

The most general symmetric function to be considered is

conveniently written in the symbolic form

Observe that the summation is in regard to the expressions

obtained by permuting the n suffixes 1, 2, 3,...%-. The weight

of the function is bipartite and consists of the two numbers
Sj? and Xq

;
the symbolic expression of the symmetric function

is a partition into biparts (multiparts) of the bipartite (multi-

partite) number Each part of the partition is a bi-

partite number, and in representing the partition it is convenient

to indicate repetitions of parts by power symbols. In this nota-

tion the fundamental relation is written

( 1 -f0^+Ay) (1 + a^-{- iSay) (1+^ +

•

•

= 1 -f (^)j» -i- (0T)y + (102)aj2 4^(^oi)ajy

+ (103)a!^i + (lO^di)^^,/ + (To Ol2)a;y‘^+ (013)^3 ,

where in general apq= (10^ Ola).

All symmetric functions are expressible in terms of the quan-
tities Up, in a rational integral form

;
from this property they are

termed elementary functions ; further they are said to be single-

tinitarjr since each part of the partition denoting involves

but a single unit.

The number of partitions of a biweight pq into exactly biparts

is given (after Euler) by the coefficient of in the expansion
ot the generating function

1

1 ~ act? , 1 - ai/ . 1 - ca;2 . 1 - aari/ . 1 - ayS . 1 - ckc3. 1 - ctuiSj/ . 1 - • 1 - 01/3 ..

.

i?292-

The partitions with one bipart correspond to the sums of

powers in the single system or unipartite theory ; they are

readily__expressed in terms of the elementary functions." Eor

write (pq)=Spq and take logarithms of both sides of the funda-
mental relation

;
we obtain

SiqX+ 5oiy= S(aia3+ fty)
%ir34.2^j^cc2/+%y3=2;(aiaj-l-Ay)^

and

Sioce+ %2/ - -h 2sjjxy + -i- . ,

.

=log (l + o5ioaj+aoiy-{-.,,+a^2aj-Py2*f ...)

Eroin this formula we obtain by elementary algebra

y+»-i(j,+gr-l)i
_

,Sr-i (2;T-l)l

TT

corresponding to Waring's formula for the single system. The
analogous formula appertaining to n systems of quantities which
expresses in terms of elementary functions can be at once
written down.

JEhe, gr, We can verify the relations

5 =:a® —Sa (X -fSct ,
30 **10 20 10^ 30’

s =-aP a —a, CL a, -H® .
2a 10 01 20 ox n 10^%

The formula actually gives the expression of {pq) by means of
separations of

(lo^olir)

,

which is one of the partitions of {pq). This is the true stand-
point from which the theorem should be regarded. It is but a
particular case of a general theory of expressibility.
To invert the formula we may write

1+ Oiofl?+ ct^^y

=€xp {(sio«+%y)-|(Sia<cS+2%asy+S(BJ/S) + ...},

and tlienoe derive the formula

—

^ ^ J 7ri!7r2l...^^i2A^fZ2'
' ’

which expresses the elementary functions in terms of the single
bipart functions. The similar theorem for n systems of quantities
can be at once written down.

It will be shown later that every rational integral symmetric
function is similarly expressible.

The Function hp,^.—As the definition of lip^ we take

1 + Ji^qX + ^ oi2/ + • • • + + • • •

1 ,

and now expanding the right-hand side

[Pi±Si\
V A y \ A /

the summation being for all partitions of the biweight,

writing

1 + + hlV + • • • + + • • •

1

1 - ^1035 “ «0i2/ + ... + (-)^+^apgX^y^+ . .

.

'

Further

we find that the effect of changing the signs of both x and y is

merely to interchange the symbols a and h
;
hence in any re-

lation connecting the quantities hp^ with the quantities we
are at liberty to interchange the symbols a and h. By the ex-

ponential and multinomial theorems we obtain the results

—

( ”

)

Sir-1 (StO^

4ri!7r2!...“2'ii*2af

and in this a and h are interchangeable.

(p+g-l)! .
_ 'Sn, _

-

Kar-1)! ^
p'Sl Xi!ir„!...'W''My

J I jPs-fis---* ^ TTilTTg'... Mr2>2‘?2

Differential Operations,—If, in the identity

( 1 -f ai£c 4- Ax/) (1 + “saj -1-Ay)- . (1 + 4-A2/)
= 14- aioOJ 4- a^iV 4- a^x^ 4-a^xy 4- 4- . . •

,

we multiply each side by (1 4-/uaj-l-y2/)> right-hand side be-

comes

1 4- (<Xio 4- iF)X 4- (aoi 4- *')y 4- . . . 4- (f^/+

+

vccp^ii-i)x^lff 4- . .
.

;

hence any rational integi’al function of the coefficients aio, osoij •••

.. say /(aio, aoi, ...)=/ is converted into

where d^o- ~ ’

The rule over exp will serve to denote that ydio-^vd^i is to be

i*aised to the various powers symbolically as in Taylor’s theorem.

Writing =

exp{fjLd:^Q -h udoi) = (1 + 4- ... 4- 4- . .
.)/

;

now, since the introduction of the new quantities ju, v results in

the addition to the function {piqipQ^IzPsSs-’) "the new terms

we find

and thence

while Dri/=*0 unless the part r$ is involved in/. We m^ then

state that is an operation which obliterates one part pq when
such part is present, but in the contrary case causes the function

to vanish. From the above Dpg is an operator of order pg, but it

is convenient for some purposes to obtain its expression in the

form of a number of terms, each of which denotes pq successive

linear operations
j
to accomplish this write

apg^ /
and note the general result.

f

= exp ^oi^oi 4- . . . -t- ^pg/dpq 4- . . • ) J

where the multiplications on the left- and right-hand sides of the

Vienna Transactions, t. iv. *1852. f F?Ul. Trans, JR, JS, London, 1890, p. 490.
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equation are symbolic and un&ymbolic respectively, provided

that nipq, are quantities vhich satisfy the relation

exp (Mio^ + Moil?+ - . . + + .

)

= H-mio^ + moi77 + ...

.

;

where | ,
rj are undetermined algebraic quantities. In the pre-

sent particular case putting mio=/A, and 7?z^y= 0 otherwise

MlO^+ !Mo1‘>7 + . . + + = log +
or

11^,= (
-

;

and the result is thus

6X2-)ipdj^Q + vdQ-^)

= exp [Mo + vdQi - + 2Mii +^%2) + • • •}

= l-i-)U.Dio + »'Boi + ...+M'^r)^5+... ;

and thence

4 vd^-^ - +vH^ t ...

= log (1 + mI>io + *'1^01 + . . . + +...).

From these formulae we derive two important relations, viz. :

—

P!?! Tr-^\Tr^\.. Pi<lim2

TT

j I /

TTiItTo'

the last written relation having, in regard to each term on the

right-hand side, to do with 'Zir successive linear operations.

Recalling the formulae above which connect and w'e see

that and are in corelation with these quantities re-

spectively, and may be s^d be operations which correspond

to the partitions \p(i ) ,
(10^ 01«) respectively. We might con-

jecture from this observation that every partition is in corre-

spondence with some operation ;
this is found to be the case, and

it has been shown (?ocy. dt. p. 493) that the operation

1 1
(multiplication symbolic)

corresponds to the partition )• The partitions

being taken as denoting symmetric functions we have complete

correspondence between the algebras of quantity and operation,

and from any algebraic formula we can at once write down an
operation formula. This fact is of extreme im^ rtance in the

theory of algebraic forms, and is easily representable whatever
be the number of the systems of quantities.

We may remark the particular result

dp,j causes every other single part function to vanish, and must
cause any monomial function to vanish which does not comprise

one of the partitions of the biweight pq amongst its parts.

Since

, _/ xP+g-i(j>-tg-l). d

the solutions of the partial differential equation d|pj=0arethe
single bipart forms, omitting 5^5, and we have seen that the
solutions of are those monomial functions in which the

part pq is absent.
One more relation is easily obtained, viz. :

—

dajp,j~^^
“ ^lQdp+l,q “

Theory of Three Identities .—Let

l + aioa;+aoa2/+
= {l + aix -i- Piy){l + oacc +^822/)

1 + bjQX -H boiy + .. . -I- b^x^y^ -i- ...

= {1 + -h o4^>a;-p V)- (II-)

l+Cnfie + CQiy+ ... + Cp^Py9+

= (1 -h afJa;+iSj^V)(l -i- afx-i- iSf2/). .. (III.

)

wherein x and y are to be regarded as undeterminal quantities,
and the identities as merely expressing relations between the
coefficients on the left and the quantities a, p on the right.
Assume the coeffioients and-quantities in the identities I. and II.

to be given, and the coefficients in III. to be then determined by

l'^Cl(^‘hC0lV+ ...-hCpq^7)^+ ..

n(l -i- a^iof

+

PJboiV + . . . + af P^bpjz^Tfi +...),

I and 17 being undetermined quantities.

This assumes that the coefficients Cpq of III. are certain functions
of the quantities and coefficients of I. and II. Denoting sym-
metric functions of the quantities in I., II., and III. by partitions
in brackets ( ), ( )i, ( )2 respectively, w'e find that the assumed
relation giv^—

<'’10~ (2i2)^io >

%= (^)^0lJ

^11~ fl2:)^ii "h
( 51^ ^10^01 >

. C2j^= (21)&2i + (20 01)&2o^oi + (11 10)&ii2)io "T (10" 01)6io&oi

,

&c. ......
and generally, in the expression of every symmetric function
of biweight of the quantities in I. occurs, each attached to the
corresponding product of coefficients from the second identity.

Now
11(1 + + PiboiTf 4- . . , + af + * -

)

s

is from 11. equal to

IIIHl + a.a"|+ft^S} .

i, t

as can he seen by putting x— ajj y=P^V’ Hence, from the
assumed relation and HI.,

Slog [l+ off+^'N]=SSlog + + ;

S it

and now, expanding and equating coefficients of

(FQ)a=(Fs)(M)i,

a simple and important consequence of the assumed relation.

It shows that the relation in question is unaltered by interchange

of the quantities in I. and II. in such wise that and af ' and
also Ps a^nd are transposed.

Let the operations dpg, Dpg refer to L, and the corresponding
operations of II. and III. be denoted by the same symbols with
the addition of single and double dashes respectively. Write
the assumed relation in the abbreviated form

then

and
' d d d

^n'^dhp^'^Kdbp^i,^ ^ ^oidbp,^+i '

when performed upon gives

= “?^1? ’>

hence

and, replacing U by its expression,

<^pqCp<[=iP9[)j and in general
t

djpqCrs~ (P^)^r -p, s - 2 >

whence, regarding the coefficients bp^ as functions of the co-

efficients Cpq only,

^pq~ ~ )^pq *

//

In a precisely similar manner dp^^—{pq\dpq^ and making use of

the established relation {pq)^= {pq){pq)it

iFi)^'pq,= Ga)i^'pa=(m)^n •

As a consequence of this, if we regard the assumed relation as

defining a transformation of the quantities in HI. into either of

the sets of quantities occurring in I. and II., the operation

{pq)^pq is an invariant. We can now derive relations between

the operations 9 . For

and this leads to

log (l+|D^Q + ’7l>Qi-r-..+|V^L^i,2+ --)

~ S log (1 4* 'h . . . 4- + ” • ) ;

and thus to

= n(l 4- ... +^Vaf/5®D^+ ...)

;
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and this, when compared with the assumed relation, establishes

that in any formula connecting the coefficients and we are

at liberty to substitute for Cpg^ and for we thus

obtain a corresponding operator relation
;
further, it is similarly

proved that, in any relation connecting the quantities Cpq and apq,

we may substitute D^g for c^g and D^g for

First Law of Syomiutry.—We are now in a position to establish

certain laws of symmetry which appertain to the ^stemi^of

algebraic forms under consideration. The relation {!pg)vL—^M)i

(pq) shows that any symmetric function in brackets ( )2 may be
expressed as a linear function of products, each of which is a

function ( )i multiplied by a function ( ), and that, moreover, such
expression is symmetrical in regard to the brackets

(
and ( ).

Hence we may write

(^1^1^^ )2

= . + J )

+ M^^)i + ••• (^)

Moreover, any product of the coefficients c^g can be expressed as

a linear function of terms, each of which contains a monomial
function of the quantities a^, ft, ag, ft , . . - and a product of co-

efficients &pg, so that we may assume

* *— * . . -r . .
.

(B)

and it will appear that L=M ; for from (B) can be derived the
operator relation

Pill PA hh %
and performing each side of this equation upon the opposite side

of equation (A) we obtain, after cancelling
,

Pi Pa — “jra .

LD" D" ...(ris/irgaA..)2=JD' D'
nh mi mi

L=J,

By a similar process, in which equation (C) replaces (B), we find

M=J and hence L=M and the equations (B) and (C) indicate
with L=M a law of symmetry. We may say that in_(B) the

interchange of the partitions {p2qi^'^P2S2
^^

leaves the number L unchanged. To explain the nature'of the
theorem that has been established, recourse must be had to the
notion of a separation of a partition of given specification ; the
definitions of these terms have been given above in respect of a
single system of quantities and the analogous definitions, in
respect of several systems, will be easily understood without
further remarks. Writing the relation (Bj in the form

TTi ITg + 6^- ...4- ,,

where P denotes the complete cofaotor of we may state

that Pis a linear function of symmetric function products each of
which is a separation of

and has a specification

This appears at once by actually forming the product cJJg^Cp^g, .

.

from the separate expressions of Let
be different specifications which appertain to the separations

of ris/i and let P^ denote the symmetric function pro-
duct, of specification above alluded to. It may be seen that
whenP^j,P0jj,...P^j, are multiplied out, so as to be exhibited as
a linear function of monomial functions, the partitions of the
latter are all drawn from the series ft, ft , ...ft and we may write

P^^= wiiift + wiiaft4 ... 4 771^6ji ,

P0g=moift4»W22ft4 ... 4W2;tft ,

p0jj,=:mHft4 771^^24 ... 4muft J

the quantities being numbers.
The law of symmetry, that has been found, may now be stated

in the form

viz., the determinant of the above relations is symmetrical. We
may say, in regard to any monomial function that
if ft , ft be the monomial fiinctions, whose partitions are the
specifications of the various separations, the coefficients of the

monomial ft ,
in the development of the assemblage of separations

P^^, is equal to the coefficients of the monomial dr in the develop-
ment of P^^.

^

By solving h linear equations we obtain

^1- MiiP$1 Mi2Pd24 ... 4 PikPej,

}

ft= MsiP 4 4 ... 4 J

h

=

/inP 4 MasP02 4 ... 4 A^uP^t

»

and the determinant of this system is also symmetrical since
ihs—Psr is a necessary consequence of We can evidently
form two symmetrical tables in connexion with every partition
of a multipartite number.
The last system of equations involves an important theory of

expressibility
;

for any one of the monomial functions d is ex-
pressed by a partition which is the specification of some separation
of

and this implies that the parts of the partition of 6 can be
partitioned i:^ par^ the aggregate of which is identical with
the partb of (ris/i rgSgPs...). Hence the theorem of expressibility.
“ If the parts of the paitition of a monomial function 6 be parti-
tioned in any manner into parts, which when all assembled in a
single bracket are represented by rg^gPa...), the symmetric
function 6 is expressible as a linear function of assemblages ol'

separations of the function

We may write the relation (p2')2=(M)(i?2')i form

If we express the quantities Cpq in terms of the quantities and
ttj

, ft , og , ft ,
&c., the symmetric function products which multiply

them, necessarily separations

result of comparing the cofactor& of

sides, will be the expression of (pq) by

means of separations of

be any separation of a given partition of (pq)

;

the comparison
yields the result

(“)
Stt-ICStt- 1)

! — ;2j-l(Zy-l)!

the summation, on the rig^ having reference to every separation

of the given partition of (pq). This result, when applied to one
part symmetric functions of systems of quantities, is the furthest
generalization of Waring’ s formula connected with sums of powers
that has yet been made. The inverse formula, for the expression
of any monomial function by means of one-part functions, may be
written

=2<

where

(Ji)
’i(J ^ •

is any separation of (Piqi^^p^^^...), the summation is in respect

of all such separations, and sj denotes the one part function of

the same weight as the monomial (J).

Second Law of Symmetry .—The operation
^

the multiplication of linear operations being symbolic, and

being a partition of (^), may be said to have the
weight pq ;

if the operand he of the same weight the operator

is clearly equivalent to

1 f d Vi / d Va
n^'.ir^L.Xda^) \da^^)

and thence

How, from the three identities I., II., and III., we have
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and the corresponding operator relation

1 TTi TTg pT p>

y -d' d! ...= ... + PD'' D"
irilTTg!... p^2 rgsa

where P consists entirely of symmetric functions of the quantities
api>ertaining to the first identity. Assuming now a relation

(;^/i ;i7/=...)3=- + •••’

and employing upon its left-hand side the right-hand side of the
operator relation and vice versd, we obtain the result P= Q, show-
ing that, in the relation

we are at liberty to interchange the partitions

3<nd

Third Law of Symmetry ,—From the relation

^ . . 4- .

.

to which corresponds

TTi ITq

D' D'
PiQi P5S2

..==... + LD"'
^iSl ^2^2

we obtain by the usual process

involving an interesting law of reciprocity which has been dis-

cussed in the Memoirs referred to.

Linear Se^paiution Operations,—A monomial function is ex-

pressible as a linear function of separations of any one of the
partitions obtained by p^itionment of its parts (see ante). In

particular the partition (10^ 01^) can be thus obtained, from any
monomial of weight pq^ and thence we find that the latter is

expressible in terms of the elementary functions, since every pro-

duct of these, of weight pq, is in fact a separation of (10^ 01^).

The linear operations dpq^ as above defined, are suited to operate
upon such expressions, but are not at present adapted to operands

associated with a separable partition other than (10^ 01^'), Let
the separable partition be

i

and of this let any separation be

(Ji)j (J2)j- -being the distinct factors that may occur. Then

dr,—'Zdrs{^)-^Y\, the summation being for all the factors (J) that
a{^)

may present themselves.
Let the general expression of (J) be

(j^io+noQjPdi+o-oi PriSi+<^riSi .

then, since

we obtain

r+i-l(r+s-l)t

~r!s!

S 'Vf - JJPIOJJPOI
Aj'’ ^ 10 ^01 ^n®i

(-)
,y+a-l(r+ 8 -l)l

rl 5!
•dn

-22 '

2p-i (Sp-1): _ d

the summation being in regard 4o every distinct factor (J; that
may present itself in a separation of the given separable partition,

and to every partition (lO^’wOl^’oi...) of the weight rs of the given
linear operator dr^,

Regarding poi,...as constant write

cr

and the operator relation becomes

(-)
r-Hg-l(r4.5^1)i^

the summation now being in regard to every partition Ol^oi. ,
,

)

of the weight rs. Observe that d^ is a linear weight operator

;

that <f(10/*i<»01Poi...) is a linear partition operator; and that we
have expressed the weight operator as a linear function of the
partition operators of the same weight. Compare

(i.) the expression of dpg in terms of the operations Dpg
;

(ii. ) the expression of (pq) by means of elementary functions.
It will be seen that the same law obtains,

LJx. gr, dji= £^(10 - d(iT)

dsi= d(T6^ OT) - i^(20 01) - d(ll 10) + d(^),

are examples of the expressions of weight linear operators in
terms of partition linear operators. The latter have developed
expressions such as

(i(io) = -£=^+ (10)—A-+ (oi)^Ar-+

+

(i(10) VlO^) '^(i(iooi)^^ 10)^"

(1(20 01)=
d

^ d

c;{^(n) t^c^iooT)''’""

The alternant (“Combination,” “ Zusammensetzung ”), of any
two partition linear operators vanishes, and, as a consequence, if
i?(A), £?(B) be any two operators and ^ a solution of «^(A)=0,
d(B)^ will also be a solution of the same equation. It has also
been shown (loc. c^^.) that if a function, expressed in terms of
separations of a given monomial symmetric function, be caused to
vanish by any weight operator, every partition operator of the
same weight will also cause it to vanish. This is a cardinal
theorem appertaining to the expression of any function by means
of separations of a given partition.

Lx, gr. Suppose it requisite to express the function (sT 01) by
means of separations of the function (^10 01); the ^law of
expressibility '*J^nte) shows this to be possible, because (^ Ol) is

a partition of (31). Assume

(31 01)=A(21 10)(01)4-B(21 01)(10)-f-C(10 01)(21)-f-D(21 10 01),

since the terms (21)(10)(01) clearly cannot present itself, c^oi> ^^32

do not make (31 01) vanish, because (31 01) involves partitions of

31, Ol
j
and 32 ;

but every other weight operator makes it vanish.
Selecting and £^21 make further selection of the parti-

tion operators c2(10) and d{21). Operating then with

-A. +(01) ——
(e(io) d(iooi)

and with

+ (21)
-A_ +(21 01) - — f

,

d(2110) ^(2110 01)

-A- + (10)-^A_
d(2l) d(2110)

+ (01)-
^

-+(10 01)
'd{21 01)

‘

' d(n 10 01)*

we find A + C=B-fD=C-l-D=rA-f B=50, and thence

(31 01)= A{(21 10)(01) ~ (21 01)(10) - (10 01)(21) -1- (21 10 01)}.

There are many ways of showing that A=-~; perhaps the

most instructive is to make use of the relation -D31-4-...

= „.+ d{21 10) -t- . . . ; and, performing - Dgj and d{21 10) on opposite
sides,

- (0i)=A{(‘^)+(m)} or A=

It has been seen that a generalization has been made from a
weight operator dpq to a partition operator. The same thing
obtains with respect to the obliterating operator Dpj. In the
case of a single system of quantities it was established that Dp is

performed upon a product of monomial functions through its

various partitions ; we have, in fact, to pick out all partitions of

p in all possible ways from the given product, taking one part
only from each factor of the product

;
the component operation

associated with the partition ofp we may appropriately

denote by

So similarly, in respect of several systems, we have the weight
operator Dpq and the partition operator

and we have the equivalence

Dp.=SD(Kii"»^’^...)

the summation being for all partitions of the weight (loc, cit. § 10).

Lx, gr, Dio=D(^)_ _
Du=D(10 01) + D(ll).

The connexion between the weight operators dpq, Dpq has been
established; the corresponding relations between the partition

operators are important. ,The analogy between quantity and
operation must be kept in view

; with this object denote by
the expression of Spq by means of separations of

^-i^d by the sum of all the monomial sym-
metric functions of weight pq, Spq differs from hpq as will be seen

S. L— 37
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by recalling the definition of From a previous result we may
write

=2 rJTTj... PlQl P2?2’

which must be compared with

^ TTiiTTg!...

ar

TTilTTg!... f’aSa

IT

Now, just as S^=

SO D^=2D(K^’"»^"'3...),

and substituting for Spagj, ••• their partition expressions we
obtain, from the q^uantity relation, the important formula

JLJ JiW-
0

where is a separation of so in the

operator relation, by substituting for the weight operators their

expressions in terms of partition operators, we obtain the new
formula,

ITilTTg!...

^ jV/j!...
3

D(Ji), D(J2),.,. being partition D operators.

Reversing the two formulae we obtain

( _
)Sir-l

1)!-
:, :

j )...

where (Ji)
=

•

• ) > (

=

(p2i2
'

2i’^®'jP22e'22
^^*

• • )

»

We have thus complete correspondence between the algebras of

quantity and differential operation.

Observe the particular results

(JiWsys... =1.

Meferences for Symmetric Functions. — Giraud. Inmntion
noumlle en VaJ,gehre. Amsterdam, 1629.

—

Waring. Medita-
tiones Algehrcdcoe. London, 1782.

—

Lagrange. M4m,deVacad.
de Berlin^ 1768.

—

Meyer-Hirsgh. Sammlung von Aufgahen
aus der Theoric der algehraischen Gleichungen. Berlin, 1809.

—

Sbrret, Qours d'alghlre swp4fnewre^ t. iii. Paris, 1885.

—

XJnfer-
niNGER. Sitzungsler. d. Acad. d. Wissensch. i. Wien. Bd. lx.

Vienna, 1869.—L. Schlapli. ‘‘XJeber die Resultante eines
Systemes mehrerer algebraischen Gleichungen," Vienna Trans-
actions, t. iv. 1852.

—

MacMahon. “Memoirs on a N5w Theory
of Symmetric Functions,” American Journal of Mcdhematics.
Baltimore, Md. 1888-90

;
‘'Memoir on Symmetric Functions of

Roots of Systems of Equations,” Phil. Tram. P. S. London,
1890.

III. The Theory op Binary Forms.

A binary form of order is a homogeneous polynomial of the
nth degree in two variables. It may be written in the form

or in the form

<Ke*+ 5a^~^i»j+(S8®"®ie®+

.

n-1n . /n\, % _

which Cayley denotes by

(a, 6
,

c, osj)”

(i) ^ notation for the successive binomial coefiiciencs

1),.. . Othci forms are
,

^{n-

71
, j

>1,-1
ax^ + nojr‘^ n{n-l)cx^~^x^+ .

the binomial coefficients (^)being replaced by s\Q\ and

1 - 'M.-i 1 ^
<y

,

2

For present

7J. ,
- 7 7i. JL . ,o ^

ao^i+illx^ X^ + ^CXj^

the special convenience of which will appear later,

purposes the form will be written

zrn ,
n-1

,

/n\— n-2 2 ,

~ nT u b 33^ + . . . + ,

the notation adopted by German writers
; the literal coefficients

have a rule placed over them to distinguish them from umbral
coei^i^ts i^iich are introduced almost at once. The coefficients

ap, %, ^^ + 1 ill number are arbitrary. If the form, some-
times termed a quantic, be equated to zero the ti -l- 1 coefficients

are equivalent to but n, since one can be made unity by division
and the equation is to be regarded as one for the determination
of the ratio of the variables.

If the variables of the quantic / (jr^, x^) be subjected to the
linear transformation

Xi= + ^12^2 >

fi, I2 being new variables replacing xi, X2 and the coefficients

»!!> ®i2>
®2iJ ®22>

termed the coefficients of substitution (or of trans-

formation), being constants^ we arrive at a transformed quantic

in the new variables which is of the same order as the original

quantic
;
the new coefficients a^, a^, are linear functions

of the original coefficients, and also linear functions of products,
of the coefficients of substitution, of the nth degree.

By solving the equations of transformation we obtain

^^1= ^22^1 ~ >

-a2iai + axia52>

where »•=
| ^ |

.

r is termed the determinant of substitution or modulus of trans-

formation
;
we assume a?!, a;2 to be independents, so that r must

differ from zero.

In the theory of forms we seek functions of the coefficients

and variables of the original quantic which, save as to a power
of the modulus of transformation, are equal to the like functions
of the coefficients and variables of the transformed quantic. We
may have such a function which does not involve the variables,

viz. ;

—

the function F(goj ^2>*- is then said to be an invariant of
the quantic gud linear transformation. If, however, F involve
as well the variables, viz. :

—

F(a', a', (i, l2)=/F(ao. — ; asi, asj),

the function F(aQ, %, a2,...= ; Xi, x^) is said to be a covariant of

the quantic. The expression “ invariantive forms ” includes both
invariants and covariants, and frequently also other analogous
forms which will be met with. Occasionally the word “in-
variants ” includes covariants ; when this is so it will be implied
by the text*. Invariantive forms will be found to be homogeneous
functions alike of the coefficients and of the vpiables. Instead
of a single quantic we may hav^several

/K, oa, »!!), ^(ioj *1. ; !«i, **2). -
which have different coefficients, the same variables, and are of
the same or different degrees in the variables

;
we may transform

them all by the same substitution, so that they become

/(%, aj) “
2,- ;li. fs). <p(\’

If then we find

—r F{aQ, G2j**-^o> ^i> ^2>*

' > ^2)*

. .
. ; ajj, X2)

,

the function F, on the right which multiplies r^, is said to be a

simultaneous invariant or covariant of the system of quantics.

This notion is fundamental in the present theory because we will

find that one of the most valuable artifices for finding invariants

of a single quantic is first to find simultaneous invariants of

several different quantics, and subsequently to make all the

quantics identical. Moreover, instead of having one pair of

variables Xi, we may have several pairs 2^1 , 2/2 ? ^5*
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addition, and transform each pair to a now pair by substitutions,
having the_ same coeiiicients a^, agi, and arrive at functions
of the original coefficients and variables (of one or more q[uantics)

which possess the above-defined invariant property. A particular
quantic of the system may be of the same or different degrees in
the pairs of variables which it involves, and these degrees may
vary from quantic to quantic of the system. Such quantics have
been termed by Cayley multipartite,

iiymbolie Form,—Restricting consideration, for the present, to
biliary forms in a single pair of variables, we must introduce
the symbolic form of Aronhold, Clebsch, and Gordan

;
they write

the form

/ „ I
„ 'a~l

, ,
n n n+ a!2 + ... +<12 032 =aa,

wherein are umbrse, such that

n n~l n-1 n

are symbolical representations of the real coefficients osq, oJj,...

general is the symbol for If we
restrict ourselves to this set of symbols we can uniquely pass
from a product of real coefficients to the symbolic representations
of such product, but we cannot, uniquely, from the symbols
recover the real form. This is clear because we can write

71-1 71-20 2h-33=
®2-^l “5= ^1 ^2

while the same product of umbrae arises from— n w-Ss 2w-33

Hence it becomes necessary to have more than one set of umbrae,
so that wo may have more than one symbolical representation of
tlie same real coefficients. We consider the quantic to have any

number of equivalent representations So that

» and if we wish to denote, by
umbrae, a product of coefficients of degree s we employ s sets of
iUmbrae.

Ex, gr. We write
”
^^2

>

3 __ 71-3 3 x«-373
a^,o^ o^.c^ 6^,

.and so on whenever we require to represent a product of real

coefficients symbolically
;
we then have a one-to-one correspond-

ence between the proaucts of real coefficients and their sym-
bolic forms. If we have a function of degree $ in the coefficients,

we may select any s sets of umbrae for use, and having made a

selection we may when only one quantic is under consideration at

^ny time permute the sets of umbraS in any manner without alter-

ing the real significance of the symbolism. Ex, gr. To express the

function - a which is the discriminant ofthe binaryquadratic

.a(pl-\- 2aiXiX2+ a^%^a%=^'b%, in a symbolic form we have

2(0100^2 ” ^ 1 ) ”0Jq<R2+ ^0^2 *” * 0^2”

:

finch an expression as “ ^2^i> which is

dax dix dax dbx

dxi dx2 dxi ’
j

is usually written (ab) for brevity
;
in the same notation the

determinant, whose rows are Oi^ % ; 6i, fig?
;

Cj, Cg, Cg respec-

tively, is written (abc) and so on. It should be noticed that the
real function denoted by (ab)^ is not the square of a real function

denoted by (ab). Tor a single quantic of the first order (ah) is

the symbol of a function of the coefficients which vanishes iden-

tically
;
thus

I

(ab) 0^2 ~~ ~ ^

and, indeed, from a remark made above we see that (ab) remains
unchanged by interchange of a and b

;
but (ab)= - (5a), and these

two facts necessitate (a5)= 0.

To find the effect of linear transformation on the symbolic form
of quantic we will disuse the coefficients an, aig, a^n ogg, and em-
ploy X

2 , fi2> I’or the substitution

iXi— Xif1+ fli(o , 052= +f^2 »

of modulus
1

= (X
2At2

'-X2A£i)= (X/4),

1
Ag /42 1

the quadratic form a(pil + 201X1X2+ a^l=:al=f(x)f
becomes

Ml +2i:i«3+i;ifi

=

a|=:^«),

Afl— o^qX J + 2CC2X1X2+ 053X2,

A2” 0^0X2^+ ai(\j/l2 "b ^2^) *b <^2^2A*2>

Ag=

+

2a2/q/U3 +02/^1 .

We pass to the symbolic forms

al= {<h^+(V>2y, A|=(Ai?i-i-Ajf2)^
by writing for

Oq, a
2 , ^2 the symbols a®, a2

<*2,
a\

^0? “^2 s> A2A2,
Ag

and then

Ao=ajX| +2a2a2X2X2+a|X| = (052^1 “h 053X2)®

A
2
= (a{K-^+a^ ( + ag/ig) =

Ag= "b ^2/^2
)^~

5

so that

Vifa+ 4^2= + <*^0® ;

whence A2, Ag become a;^, respectively and

The practical result of the transformation is to change the umbrse
ai, ag ii^to the umbrae

“ ^^1 “b 053X2 ,
a

^

=

a

2^ +
respectively.

By similarly transforming the binary form a^ we find

-^0“ "b 053X2)
=a^=A^

,

^i”(%^i‘b 053X3) (a
2
jU
2
+a2/Z2)=:<i;;i^ a^=A^ A^,

Ai= (diXi+ osaXa)®
" =a” " 'c*=A^

“
^^A^

,

so that the umbrae A2, Ag are 05^ respectively.

Theorem.—XVhen the binary form

%=(“l®X+ «l!*2)”l

is transformed to

A^= (

A

1I2+ Ag^g)^*

by the substitutions

352 “^1^1 “b > ^2~^2^1 “b /*2^2 >

the umbrae A2> Ag are expressed in terms of the umbrae 0^, by
the formulas

"^1~ ^1^1 "b Xgttg ,
Ag=^f^ai+

We gather that A2 ,
Ag are transformed to a2, 053 in such wise that

the determinant of tran&foimation reads by rows as the original

determinant reads by columns, and that the modulus of the
transformation is, as before, (X/t). For this reason the umbrae
A2, A2 are said to be contragredient to jCg. If we solve the
equations connecting the original and transformed umbrae we find

(X/u-)( — ag) =X2 (
- Ag) + ,

(Kfj,)ai ==X2(
- Ag) + ^2^1 i

and we find that, except for the factor (X/i), -ag and +a-y are

transformed to -Agand +Ai by the same substitutions as cciand

X2 are transformed to and For this reason the umbrae
-ag, a2 are said to be cogredient to 052 frequently

meet with cogredient and contragredient quantities, and we have
in general the following definitions

(

1 ) If two equally

numerous sets of quantities £b, y, £c', y', ... arc such that

whenever one set x^ y, z, ... is expressed in terms of new

5
[uantities X, Y, 2, ... the second set x\ y\ z\ ... is expressed
in terms of other new quantities X', Y', Z', ..., by the same
scheme of linear substitution the two sets are said to be <jo-

gredient quantities.” (2) “Two sets of quantities x^ y^ z,
;

I, 7], ti ••• are said to be contragredient when the linear substitu-

tions for the first set are

a;=X2X+AtiY+riZ+ ...

,

y=KjL+fi^+ V2Z+ ...

,

2f=X3X+ /4jY +v^Z+ ...

,

and these are associated with the following formulae appertaining
to the second set,

SJ=X2t+ X2l7+ X3i‘+ ...
,

H= + /Agi? + /x-si*+ • • •

)

Z= +^'3^'+ . .
.

,

wherein it should be noticed that new quantities are expressed in

terms of the old^ as regards the latter set, and not mce versd.'*

Ex. gr. The symbols
d d d

dx* dy^ dz
... are contragredient with

the variables x, y, ... for when

(a?, 3/> ***)>

Xg,
y>2f ^29 • • •

^8) Mss ^3» •••
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we findM ^ d \ n \ \ J'i ^ i. . )

[dl’ dY’ dZ’ -J= W d!/’ d-r )
Ml, MiJ Mjj

Vli

Observe the notation, which is that introduced by Cayley into

the theory of matrices which he himselt created.

Just as cogrediency leads to a theory of covariants, so contra-

grediency leads to a theory of contravariants. If w, a quantic in

x,y,z,.., be expressed in terms of new variables X, Y, Z
;

and if 17, ... be quantities contragredient to a;, ?/, there

are found to exist functions of r}, ..., and of the cocfiicientfci

in Uj which need, at most, be multiplied by powers of the

modulus to be made equal to the same functions of H, Z, ...

of the transformed coefficients of u
;
such functions are called

contravcoriaats of There also exist functions, which involve

both sets of variables as well as the coefficients of w, possessing

a like property ;
such have been termed mixed conco^nitants, anti

they, like contravariants, may appertain as 'well to a system of

forms as to a single form.

As between the original and transformed quantic we have the

umbral relations

-^1” + ^-2^2 ) -^2~ i

and for a second form

Bi == Xi&i + X2&2
s ^2~ Ml^l M2^2 •

The original forms are and we may regard them cither as

different forms or as equivalent representations of the same form.

In other words, B, I may be regarded as different or alternative

symbols to A, a. In either case

(AB)=AiB2~A2Ba= (\M)(«5);

and, from the definition, {ab) possesses the invariant property.

We cannot, however, say that it is an invariant unless it is ex-

pressible in terras of the real coefficients. Since {ab)=(xff)2 -

that this may be the case each form must be linear
;
and if the

forms be different {aib) is an invariant (simultaneous) of the two

forms, its real expression being - ai&o* This will be recognized
as the resultant of the two linear iorms. If the two linear forms
be identical, the umbral sets are alternative, are

ultimately put equal to one another and {ah) vanishes. A single

linear form has, in fact, no invariant. When either of the forms
is of an order higher than the first {ab), as not being expressible

in terms of the actual coefficients of the forms, is not an invariant
and has no significance. Introducing now other sets of symbols
G, B, ... ;

c, d, ... we may write

(AB)^(AC)-^(BC)^.. = »

so that the symbolic product

{ah)\acy{hc)^.., ,

possesses the invariant property. If the forms be all linear and
different the function is an invariant, viz.

,
the power of that

appertaining to and 6* multiplied by the power of that
appertaining to a* and c* multiplied by &c. If any two of the
linear forms, sayji^a;, be supposed identical, any symbolic ex-
pression involving the factor (^q) is zero. Kotice, therefore, that
the symbolic [jgrodnet {ahY{aGy{bc)^... may be always viewed as a
simultaneous invariant of a number of different linear forms
a:c, bx, Ca:, ... , In Order that {ahY{aeyQ)c)^.„ may be a simul-

taneous invariant of a number of different forms a^\ b^, ...,

where ^2> %> ••• different, it is necessary
that every product of umbrae which arises in the expansion of the
symbolic product be of degree ni in ai, ; in the case of \
of degree % ;

iii the case of Ci, of degree % ; and so on. For
these only will the symbolic product be replaceable by a linear
function of products of real coefficients. Hence the condition is

i+j+
+ ^+ . . . = 9^2 ?

j+Jc+.,.=n^,

If the forms ... be identical the symbols are alternative,

and provided that the form does not vanish it denotes an in-

variant of the single form a^.

There may be a number of forms e^, . . .and we may suppose
such identities between the symbols that on the whole only two,
three, or more of the sets of umbrae are not equivalent ; we will
then obtain invariants of two, three, or more sets of binary forms.
The symbolic expression of a covariant is equally simple, because
we see at once that since A^, B|, Cf, ... are equal to Xx, c*, ...

respectively, the linear forms ax,hx,Cj,} possess tin* iiuaiiaiit

property, and w e may w rite

(AB)\AC/(BOf...A|r.|’C| ..

= (X/*)' ^’+’‘+--\ab)\ac)\Oo)''...crXc:
,

and assert that the symlmlic product

{ab)\ac)\bc'j\

possesses the invariant ])rop< rty. It is always an invaliant or co-

variant apixn'taining to a luimlxT of different UniMr tonus, and as

l)efore it may vaiiiwsh if two such linear forms bo idciitii al. In

general it will be simultaneous covariant of the ditlercut torms

••

i +j^- ..d p= 9?j,
^*+ / + , . O' = yOj,

y + /j-f ... I

It will also be a covariant if the symbolic product bo factoriz-

able into portions oacdi of w'liich satisfies tlusse conditions. If

the forms be nlcntical the sets orsym})oK arc uliimatcly <»<put cd,

and the form, provided it does not vanish, i.s a I’o variant of the

form

The expression {ab)^ pro])eily ai>pcrtains to a quartic ; for a
quadratic it may also bo written {aby{ed)''^, and would dmioto the
square of the discriminant to a factor prt,*?. For the quartic

{ah)‘^=s{a-J},^ -

- i.a-^a%bl ^3+ ^2 ^ 1
= ^¥^4.

" - iafy -f-
^

= 2(aoa4 - 4%% -f ),

one of the well-known invariants of the quartic.

For the cubic {ahfajbx is a covariant because each symbol a, h

occurs three times ; we can first of all find its real expression as
a simultaneous covariant of two cubics, and then, by supposing
the two cubics to merge into identity, find the exju’ession of the
quadratic covariant, of the single cubic, commonly knowm as the
Hessian.
By simple multiplication

- 2afa2hlbs+aiaihf)xi
^{alhl-aialhlh^-ala^bihl +a^bl)XjX2
+ - 2aialby)% •{-alhlh^xl ;

and transforming to the real form,

-i- a^Q)xl + {ajb^ - a^b^ - + ajbQ)XiX2

+ {a-fi^ - 2a^]>2+
the simultaneous covarxant; and now, putting we obtain
twice the Hessian

coDxl,

It will be shown later that all invariants, single or simultaneous,
are expressible in terms of symbolic products. The degree of the
covariant in the coefficients is equal to the number of different
symbols a, b, c, ... that occur in the symbolic expression; the
degree in the variables {i, 6, the order of the covariant) is p + cr

+r-i-... and the weight* of the coefficient of the leading term
^+<r+r+...

is equal to i+j+ k+

,

It will be apparent that
there are four numbers associated with a covariant, viz,, the
orders of the qnantic and covariant, and the degree and weight
of the leading coefficient ; calling these n, e, $, w respectively we
can see that they are not independent integers, but that they are
invariably connected by a certain relation For, if

^(ao,..-a3i,jC2) be a covariant of order t appertaining to a quantic
of order n,

^(Aq, . . .|i, ^2)= • • ‘^1^1 + Mi^2»^2^i+ ^2^2) j

we find that the left- and right-hand sides are of degrees nB and
2ai?-fe respectively in Xg, and thence 7id= 2w+ 2€,

Symbolic Identities,—For the purpose of manipulating symbolic
expressions it is necessary to be in possession of certain simple
identities which connect certain symbolic products. From the
three equations

ax^ a^Xi -h “b ~ "b

we find by eliminating and x^ the relation

ax{bc) + bx{ccC)->rCx{ah)=:.o . . (I,)

Introduce now new umbrae and recall that -di, are
cogredient with a?i and We may in any relation substitute
for any pair of quantities any other cogredient pair so that

* The weight of a term is defined as being

+ 71^.
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writing +c]?2, -~di for Xi and X2,

and noting that (/x then becomes
(ffd), the above-written identity becomes

(adj(bc) + (bdXca) + (caXalf)==0 . . (II.)

Similarly in (I.), writing for Cj, c^, the cogredient pair -2/2, +2/1,
we obtain

(txly-aybx-ipchXxy). . . . (III.)

Again in (1.) transposing axific) to the other side and squaring,
we obtain

2{acXhc)a^h^:={bc)\l+[ac)%^ {dbfcl • (IV.)

and herein writing - d^ for ajj, asg,

2{a.cX^oX(^dXU) = {}}c)\oLd)^^{ac)\Uf - {al)\cd)\ (T.)

As an illustration multiply (IV.) throughout by
so that each term may denote a covariant of an

— v2 n-2,% n-2 . ,,2 n-2,7i~2 n— (oc) o^x^x ^x +(o^c) % ^x^x "(a&) ax hx C^.

^

Each term on the right-hand side may be shown by permuta-
tion of a, b, c to be the symbolical representation of the same
covariant

;
they are equivalent symbolic products, and we may

accordingly write

2{acXbc)ax b^

a relation which shows that the form on the left is the product
of the two covariants

.^,v2 71-2,71-2 n n
{ab) ttx hx and Cx*

The identities are, in particular, of service in reducing symbolic
products to standard forms. A symbolicq,! expression may be
always so transformed that the power of any determinant factor
{ab) is even. For we may in any product interchange a and h
without altering its signification

j
therefore

(a&)^'"+^0i= - (a6)^'”+^02>

where 0i becomes 02 the interchange, and hence

and identity (I. ) will always result in transforming 0^ - 02 so as to
make it divisible by {ah),

JSx, gr,

{ab){ac)hxCx- - {cih){hc)axfiz

=i(aJ)c,{(a(!)5*- {J())a*} =i(a5)®(!j
;

so that the covariant of the quadratic on the left is half the pro-

duct of the quadratic itself and its only invariant. To obtain
the corresponding theorem concerning the general form of even

order we multiply throughout by 3,nd obtain

Paying attention merely to the determinant factors there is no
form with one factor since {ab) vanishes identically. For two
factors the standard form is {ab)^

;
for three factors {ab)^{ac)

;

for

four factors (a6)^ and {ah)%cd)^
;
for five factors {ab)\ac) and

{ab)%ac){de)^ ; for six factors {ab)^, {abf{bc)\caf, and {abf{cdf{ef)\
It will 1)6 a useful exercise for the reader to interpret the cori’e-

spending covariants of the general quantic, to show that some
of them are simple powers or products of other covariants of
lower degrees and order.

The Polar Process .—We are now going to introduce other sets

•of cogredient variables into the symbolic products. The polar

of the binary form a^~f with regard to y is expressed by

=/j
=

'

''(“12/1 X

;

i.e,, fi of the symbolic factors of the form are replaced by jx others
in which 2/1, 2/2? replace £i5i,

By giving m the values 0, 1, 2, . . .% we obtain in all w -f 1 ^/-polars

in regpd to x. They may be obtained by partial differential

Operations upon the form. Write in symbolic form

n\ .a-tt-a

so that

and let

,, fn^Avi+Ayi;
then

- __ W-1
Jy— Ct'x ^yi

the first polar.

Similarly
n — 2 2 ^ j, n — II

f^=ax a^a^,f^^ax

/y= (/i2/i

the second polar
;
and in general the polar is

fy = C/jt/i+f^J^=
a*

^ay

In symbolic form we may write

All the polars may be generated from a^. by writing therein

asi + Xyi, a?2+^2^2 for ^r^, x^ respectively, for al becomes
and

(c.,+Xa,)™=»"+(?)x«r\+©x\rV,+ ...+xX

=4+(?>4+a>yi+...+xx.

71-2 ^/i-2 2

..•t/

f hx*

Ex. gr. The first polar of c^x~^x*^y

=£«iaii+ ®^2)(®i2/i+ “s’/s) = “i®i’/i+ “i“3(aaI/2+ + “1*^/2

=®o®i2/i+ ®i(®a2/2+«22/i) +
= (“o*i+ ^a^)2/i + (“i®i+

Similarly the second polar of the binary cubic is

(^0^1+ ttia52)2/! + 2(^1051 + a2a32)2/i2/2 4- {a^ +a^y\
which is or

1/ ^ V ,

The operation of taking the polar results in a symbolic product
and the repetition of the process, in regard to new cogredient sets
of variables, must result in symbolic forms. It is therefore an
invariant process, and all the forms obtained are invariants in
regard to linear transformations, in accordance with the same
scheme of substitutions, of the several sets of variables.
An important associated operation is

__02_ _02_

which performed upon any polar causes it to vanish
;
for

and conversely it can be shown that every function which it

causes to vanish is a polar.

It is usual to write

1

m.n
^ 9® 9^ N 771., 71_^ 1

0a!2%i/ ® ^

771,71,

by.

and we have the theorem that i2, performed upon any invariant
form, produces an invariant form.

Ex. gr.

. Ts m-l,7i-l— {ab)ax by
j

rfi,% rvo 7n,-2,u-2
^^axbx = {abfay, by

;

and in general

Cfa^b;= (,abraf-X''"-

These are invariants of forms which are oinary in two sets of
variables and, by putting y=Xf we obtain simultaneous in-
variants of two binary forms in a single set of variables.

Observe the easy passage from a bipartite form to two unipartite

forms. The polar of a product a^. Sj is obtained by, first of all,

writing in the symbolic form
j
thus if

F __^7n yn^m+n
=ax-bx~Px >

jtJc m+n-h fc .

^y'^Px Py *
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expanding and comparing coefficients of

/m+n\ m+n-kjc '^/my n \ m^-s Sj%^h+Sjlc-‘i>

.

s

or writing =/, hx=<P^

rrx/-<i>fy=^ax,.-s)fi4'‘>
6

a general formula for the polar of a product of two forms. The

expression is called a meinher of the polar; writing it

we have altogether a series of 7j + 1 members, viz.

—

Go,Gi,G2j ..Qi;

and

CTXf-<i>)v=^(:Xi-s)^l
s

Two members, GgjGg^.;^, are said to be adjacent, and wo can prove

that the difference between any two adjacent members contains

the factor (ab){xy
) ;

for

fy

= obyh W{xy)

;

whence also

whereia is a member of the ^--1* polar of F=/.^>.

Again, if s be less than

+ Gs+1 ®4+2 + •+ Cli -1 - Gt

:

and since the successive differences

^5“ ^s-fl > ^5+1 ” ^S-f*27-

involve, each of them, the factor {ab){xy)\ so also does G^-G^
the difference between any two members of the polar. Also the

cofactor of {ah){xy) in ~ ^nust be a sum of members of

the k - 1^* polar of F.

Moreover, since

s

and

2G)0”-.)=rr).
s

we may write

^y- ®o®o “A+— * ’

where C|)+(!i+. and

G«— (co+ Cl+ . . . + Cft)G,

;

we obtain, by subtraction,

5t-G.=c„(G,-G,)+o/G^-G,)+...+c^(Gfc-G,),

which proves that the difference between the complete polar and
any one of its members contains the factor (a6)(cGy), and that the

cofactor of is a lineiit function of the members of
the k - 1** polar of F. Since

we find

- GJ)-^(£t&)(a!^/)

=Oo/J^® ^+(®0+®iy^^y ^ + '"+(so+ ®l+ — +«s-l}fy”^^a~*

- (os+ e»+i+ - - ... -

;

and we see that the cofactor of (xy) in F^ - G^ is a sum of terms

obtained by writing (ab) for ax^fx) the cofactor of (a&)(ajy), in

the expression of Hence the cofactor of (xy) in

\ is a linear function of the members of the k - polar of

maThl^\ which is a covariant of F=;/. usually written

{f, 0)^ and termed (see post) the first transvectant off over 0.
The k - 1*^ polar will be written

will denote one of its members. We thus have the relation

I C FORMS
or, in w'ords, we express a member of the polar of /. 0 as a

sum of the polar itself, and the product of {xy) into a linear

function of the members of the k-V^*' polar of the first trans-

vectant of/ over 0. We may similarly treat any member

of the k - polar of the first transvectant, so as to exhibit it as

a sum of the polar itself and a product of {xy) into a linear

function of the members of the k - polar of the second trans-

vectant,

(ttbfa^ = 'ff,

of/ over 0 ;
we can continue the xu'oeess so as finally to reach the

develoiiment

%= { (/> ^) } { (/. } V

” ^

+ ^

‘
^ +

+

<pf-

Hence the theorem which states that any member of the 7;*^* polar
of the x>roduct of two forms/, 0 may be expanded in ascending
powers of the determinant {xy), the cofactor of {xyY being a
numerical multiple of the k - polar of the transvectant of

/ over 0. All of these transvectants are, as we shall show xu-e •

sently, covariaixts.

!Ex. gr. Let F=/. 0=aj. and let us exhibit the second

member of the second polar in the desired form,

or

;

the second member is a^ylrjyy and

=l(«y)8(a6)XJ.4=|(«2/)=(/, ’P?

;

therefore

I’l - g(ai2/)'(/. <t‘f,

the result. In this instance the term, involving the first power
of {xy), happens to he absent. In regard to the polar of a pro-
duct of forms it is easy to establish that if

(2-)(/A-/«)^

where
'2ii=k,

As regards polars, with more than two sets of cogredient variables,
the generating function is

-i-My
and we can establish the theorem that every symbolic product
involving several sets of cogredient variables can be expanded
into a number of terms, each of which is a complete polar,
multiplied by a product of powers of the determinant factors

{ay), (as*), (2/2), ...

.

Transveetion,—Certain covariants, termed transvectants, have
been met with above. We have seen that {ah) is a simultaneous
invariant of the two different linear forms /=(ax> we
observe that {ah) is equivalent to the differential operation

8/ 00 df 80
dxi dx^ dx2 dxi'

The process is generalized by forming the function

(m-k)l {n-k) l /d/^d<p 8/ 80 \fe

m! nl \^8a!2 SccgScci/
’

where /, 0 are any two binary forms
; it is called the k*"^ trans-

vectant of/ over 0. It should be noted that the multiplication
of operations is symbolic in the sense that the operation in the
bracket is to he performed k times successively. The transvectant.
is denoted by

(/,

Tins if f=a^, <p=h2,

/fft) t^'NI //vTiN —

1

\<^x}h)=Wax hx ,

from which it is evident that the k*^ transvectant is a simul-
taneous covariant of the two forms.
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If m^n there are + l transvectants corresponding to the

values 0, 1, 2, of ^ ;
if Jc=0 we have the product of the two

forms, and for all values oi Jc>n the transvectants vanish. In
gonoial we may have any two forms

4?= (<piXi +

7

4>17 02 ; 02 tieing the umbrse, as usual, and for the trans-
vectant we have

a simultaneous covariant of the two forms. We may suppose

4̂ X7 0a covariants appertaining to a system, and
the process of transvection supplies a means of proceeding from
them to other covariants.

The two forms 5^, or (pp, 0®, may be identical
; we then

have the transvectant of a form over itself which may, or may
not, vanish identically

;
and, in the latter case, is a covariant of

the single form. It is obvious that, when k is uneven, the
transvectant of a form over itself does vanish. We have seen
that transvection is equivalent to the performance of partial
differential operations upon the two forms, but, practically, we
may regard the process as merely substituting (a&)*, (00)* for

0® 0« I'espectively in the symbolic product subjected to

transvection. It is essentially an operation performed upon the
product of two forms. If, then, we reqhire the transvectants of
the two forms /+\/, 0 + /40', we take their product

/0 +• \f(p + +X^'0^

and the Z:** transvectant is simply obtained by operating upon
each term separately, viz. :

—

(/, 0)"+x(/', 0)*+A.(/, 0')*+Xm(/, <i>'Y ;

and, moreover, if we require to find the transvectant of one
linear system of foiyns over another we have merely to multiply
the two systems, and take the transvectant of the separate
products.

The process of transvection is connected with the operations 0

;

for

or

so also is the polar process, for since

y-O'X 0yj4>y-0^ Oy,

if we take the transvectant offy over 0^, regarding as

the variables,

\fyy4>y) -{dO) hjs =(/, 0) ;

or the A** transvectant of the polars, in regard to y, is equal
to the transvectant of the forms. Moreover, the Z;** trans-

vectant {ab'^a!^ ^5^’^ is derivable from the polar of viz.,

^ay by substituting for y-^, y^ the cogredient quantities Jg, - &i,

and multiplying by
Frequently the forms to which the process is applied are, each

of them, products of other forms.
Thus suppose

we find

(mi+ m^{n,+

I C FORMS
S7/l= 9?i, S?i= W,

the first transvectant will consist of scr terms, and any term,
involving say the determinant factor (ap)j will have a numerical
coefiicient which denotes the probability of a random selection of
two factors,^ one each from / and 0, being The sum of the
coefficients is unity. Proceeding to the second transvectant each
term is treated in a similar manner, with the result that a num-
ber of terms are obtained

; one such term is, say

. mi-1. 71^

m{m— l)n{7h- 1)*
(«/3)(a7)a!

mi-2,;

and the numerical coefficients denote the probability oftwo random
selections of pairs of symbols yielding (ap){ay)f and so on. Hence,
in general, the transvectant involves terms, each of which has
k determinant factors, and a numerical coefficient which denotes
the probability of such factors arising from a random selection.

Hence the sum of the coefficients of the terms must be unity.

JEx, gr. (aA,

1 1

(aA, cM^=l{(acKbd)+{ad)(bc)}.

Me. gr. We will find the fourth transvectant, of a binary quartic
upon itself, so as to obtain the invariant {ahy in terms of the
roots of the quartic.

Let 05^= («Ji - aias2)(«i ~ H^a)7

and observe that therefore

is a sum of a number of terms, each of which involves a factor of

the form a,. - a„ and proceeding we find (a^, 6^)^ equal to

the summation being for every permutation ijkl of the numbers
1, 2, 8, 4. There are 4 1 terms, but certain of them vanish. Those
which survive correspond to the permutations in which each num-
ber is displaced. These arc nine in number, and we can, finally,

throw the result into the form

— a2)(a3 - a^) + (a^ - a2)(a2 - 0.4) -f- (a^ o-JCog— 5

a well-known expression of the simplest invariantj)f the binary

quartic. It will be seen later that the coefficient of every co-

variant of a binary form is a symmetric function of the differences

of the roots of the forms.

The various transvectants can be obtained by partial differential

operations in which the independent variables are a*, 6*1 ...

Px,— Dropping, temporarily, the suffix cc, we can see that

can be obtained by operating upon the product with
^2 ^2 ^

and multiplying by ' ^disregarding tbe multi-

plier we obtain the k^^ transvectant by k successive operations of

this operator, the quantities operated upon being a= a®, &=?*, ...

and not the determinant factors. In general the operator is

(flw)
dada’

where, on the dexter, there is a term for every pair of umbrae,
one taken from / and one from 0. The sum of the numerical
coefficients of the members of the transvectant is unity. If we

suppose the product written out as a product of

factors; the coefficient (mi-i-m2)(%+7i2) enumer-

ates the number of ways of picking out one factor from

and one factor from
;
the coefficient 7ni«2 on the dexter of

the above results shows the number of ways of picking out one

factor from and one from jSj®; consequently the fraction

—-—, which affects one term of the transvectant, de-
(mi + 7}i2Xn^+ n2

notes the probability of picking out the pair when a random

selection is made of one factor from and one factor from

Similarly if

the number of terms in the operator being s<r, and h successive

operations produce, to a factor pres, the Z** transvectant.

Ex. gr. To find in this manner the second transvectant of

upon itself, we take the product
i«-~2 and perform the operation

when we obtain the result in the form of a linear function of the
three forms :

—

A very important particular case of transvection is that in which

f=Ma^^b'^... , 7 0 is the original form, / a covarxant of 0,

and M is the product of determinant factors involved in /.
Writing for convenience

f=Ma^b”^ ... ,il)=g',
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the operator, for the tiansvectant, becomes effectively

ALGEBRAIC FORMS
Now for 2/1, 7/j write ca, - Ci anil multiply by

= c j
* + ;H 11c/

or if we take the operand to be / and not//* we may consider

the operation
^

{(<«,)| + (6j,)|+ («ff)i +
. } ,

and disregaid the factor .

We can transform the operator by expressing, by means of one

of the fundamental identities, (&y), [eg), ... m terms of (ag) and

determinant factors which aie free from g. Thus

(as)^+(6i/)^+wi+-^dc

Now

(4+4 +4+

where ‘ni=;Wi^+W2+wi3+ .. J
therefore the first transvectant is

an important form, because it shows that the transvectant can be

broken up into two portions, in only one of which does the

symbol g occur in the determinant factors. Conversely, if we

have a form involving m + 1 symbols in the deteiminant factors,

in one of which g occurs only once, we may exhibit it by means

of the transvectant of a form not involving g upon the original

form, and of a form whose determinant factors involve only rii

symbols and do not involve g. This theorem is of great signifi-

cance in the proof of Gordan’s theorem concerning the fimte

number of covariants of a given form, and we must further

generalize it. The operator for the second transvectant is

which may be written either as

Taking the first form we find the second transvectant to be

(*>

together with a number of terms in which {ag) occurs at most once.

Hence a form, containing m-pl symbols and the m+ symbol g
only in the form can be exhibited by means of the second
transvectant of a form in m symbols over the original form and of

a form which involves {ag) at most once
;
and now, combining the

former result, we find that a form in w

-

1-1 symbols which involves

the m+ symbol g only in the form {ag)% can be expressed by
means of forms involving m symbols, and by first and second
transvectants of such a form upon the original form. The second
form of operator above written leads to the same conclusion in

legard to the factor {ag){hg). Similarly it is proved that a form
in m + \ symbols which involves the determinant factors

{ag), {hg), ... to the order h is expressible by means of forms in

m symbols and 1 st, 2nd, . , transvectants of such forms upon
the original forms.

Every symbolic product is expressible as a sum of transvectants.

Ex, gr. Gordan takes as an example

<t>l={alf{acf{Ufa^l^C;,)

substituting for Cj, Cg the oogredient variables - y^, we obtain

{xy){ahfa^l^m which is a member of the fourth polar of

[abfay)% multiplied by {o&y) ;
putting we

find

’ where {aEfay>l .

= [^{ahfalhi,c^^'\ ^{{t^hfaihl,

or if «l=2'i=4=/=/ =/ »

111 general it suflicts to say that wo iiau.sforui one set of unibral

symbols to a new set of vaiiables, and make use* as above ol the

propel tics of polar‘s. The theortm establishes that transvectants

are as inclusive as symbolic products in gouerak

First and f^econd Transwetanis,—A few words nuist ])e said

about the first two transvectants as they aio of exceptional

inteiest. Since, if/= <f>- 6^

,

m7l\(

the first transvectant diilcrs but by a numeneal factor from the

Jacobian or functional determinant, of the two forms. \Vo tan

find an expression for the lirst transvectant ol (/ 0 over another

form c^.

Eor

(

m

+ /h){f, = 7if. + mfy. 0 ,

and

/. <pI
~/y<t'= {aJ>y "“aO"™' = (a!2/)(/.0) !

=(Gi,4>+i(Hf,4>>,

''''
'll ;

J,

m, -

1

for ^

u<t>))]=maT\

Put m-1 for m, 7i~l for n, and multiifiy through by {ab);

then

n-l

=i{ab)ax bx ‘'by - *

Multiply by and for i/i, 2/2 write c^j -Ci ;
then the iiglit-

hand side becomes

{cob){bc)a]
W1-.1.U-2 »-l m-1 - ,,2

of which the first term, writing i£»

aT^br‘^ol-\(A}{bc)a^^

= -laTX~‘'ol-^{iboT4+{«bfcl- {.aofhVi

= -|{(0,0)V+(/.0)“-0-(/.0F.0} ;

and,

{(/,0)R Vh
and this, on writing Cg, -- Ci for 3/1, 3/2,

becomes

• ••{(/, (0.0)V}

;

and thence it appears that the first transvectant of over \j/

is always expressible by means of forms of lower degree in the
coefficients wherever each of the forms/, ^ is of higher degree
than the first in x^, ccg*

The second transvectant of a form over itself is called the
Hessian of the form. It is

2 m-2,m 2 w'2W»“ 4; TT .

>x — Lla; — JI5

unsymbolicall/ it is a numerical multiple of the determinant

transvectant of the dif-

ferential coefficients of the form with regard to the variables, viz.,

For the quadratic it is the discriminant (a&)® and

for the cubic the quadratic covariant (a6/aa,5
,5 .
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In general for a form in n variables the Hessian is

dxl dxidxz *
‘

'dxidxn

dxidxQ 0a, I '“dx2dxn

d^f__ jy_ ^
0aJi0a;„0a320cCn dx^

and there is a remarkable theorem which states that if H=0 and
71=2, 3, or 4 the original form can be exhibited as a form in 1, 2, 3
variables respectively.

S!x, gr. If (ah) ^=0, for the binary form a^, the
theorem states that the form is a simple power (ciqXi +
and therefore, by linear transformation, depends only on a single
variable.

It may be verified that, if a^=/.

and now assuming/ to have the form where is a linear

form and a form of order cr
; p+ (f=zm,

m{m-l)fl=p(p-l)ax ^al4>x + 2pa-a.^

+ cr(^-l)a£0rV',
leading to

= 1) - (m-

+ Spiral'' . ^+ { mir(<r -X)<l>y<p- {m

-

l)ir^(^|/ }

;

and, since each term on the right must vanish separately,
<r=0, which proves the theorem.

It has been established above that every symbolic product can
bo expressed by means of transvectants. We have now to show
that every invariant can be expressed by means of symbolic pro-
ducts. It suffices to prove this ior invariants as will appear.
When an invariant is expressed in terms of the umbras %, ;

hi Cjf 02 f... it is homogeneous and of weight w in the senes of
symbols ai, Cj, and also in the series ag, ^2f •• •

an invariant^' of weight zo be written symbolically

J = (ai^i+ S2h + 53C1 + . .
,
)«'( jJiflSg+ ish+ + • • • )"

;

transforming, by linear substitution, J= (X/4)«y
; or

where

and

J"= -H + 53OX+ • • • +•••)”

= + sg&i+ 53C1+ „
. )Xi

+

(ajOSg+ SgSg .+ S3C2+ . . )X2}“'

X + j{g&i -\r 4- . .
. )^1+ (jJ^OSg+ ^2&2+ ^sCg+ . .

.

)fJî

®

+ ^gSi + 5301+ ...

,

^1^2 "* ^2^2 "t* + . •
.

}

qx=h(h-thh+ t^c^+...,

2^2— + >

(i?(?)=M2-Mi»
= 5i<2(a&) + Sit^{ac) + . . . + 52«3(oc)+ . .

.

;

now, since j7]J^gJ=(Xyct)'“y, if we operate with

02 ^
0Xi0At2 0X20/41

we obtain

“V ~ ^=

+

1 )(vr" V,

again operating

ZO f vMJ-lw-l /X \W-1.
Sy. =(V) }

;

.2 w-2 w-2 /x %w-2.=M r.

and continuing to operate we arrive at

~ + «i«s(»«) + ...+ sA(6c) + •••}"

;

establishing that the invariant j is expressible as a sum of sym-
bolic products, each product involving w determinant factors.

The Form f+\<J>.—^An important method for the formation of
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covariants is connected with the form /+X0, where/ and ^ are of
the saine order in the variables and X is an arbitrary constant.
If the invariants and covariants of this composite quantic be
formed we obtain functions of X such that the coefficients of the
various powers of X are simultaneous invariants of/ and 0. In
particular, when 0 is a oovariant of /, we obtain in this manner
covariants of/. Consider, for example, the cubic

/=®l,
and take for

<f>
its cubic covariant

Q=(ai)i'(cJ)cX.

If J be any covariant of /, denote by JT the corresponding
covariant of/+XQ. There are four fundamental covariants of
/, viz.

A= (/,/')^=(a5)^aA,

Q= (/,A)i= W(c6)c|a*,
R= (A,A02= {alf{cdf{ac){bd)

.

To find the fundamental system of/-fXQ we have

Af+AQ= (/+ XQ,/4- XQ)2,

= (//T+2X(/,Q)2+ X2(Q,Q7.

To reduce this expression take the first polar of A=A|,

2Aa:A2,= + {pFfayb,^^
or

^x\= {abfajby.

Herein, being symbols equivalent to Ai, Ag, substitute

A^,A^ for -scgjaJi and multiply by A^, so that

(AA ) = {abf{a^)byKy.

Now
Q® = (/,A)i=(aA)a|A^,

3Q^Q^= {a^){al^y^2a^y^^)

,

= (aA)
"I

Bct>ji>Ay+ 2(tgt{ci/yAjg— ^
^Z{aA)(i%Ay-\-2{xy){aAfa^\

and, since it is easy to see that {f,A)^={aA)^ax vanishes identi-
cally,

QlQy-ico^)alAy;

and, herein writing Sg, - bi for 2Ci, ccg,

mm,=^iaA)(ab)^Ay;
or

mfhQx^{aA){dbfbxAx,

= (AaXa1-(A, A>;
. .

.*.(/, Q)2=o.
Again, since

%%=^{cLA)a^Ay,

substituting Q^, - for ajj, aig,

(QQ>Q2,Q'=(aA)(aQ)2A^Q2,.

But

(/ Q)®=(aQ)°aa:Q*= 0,

. *
. {CL^)^{,(^xQ,y+ — 0

,

and
(aQ)\cOx% - ayO*)=

;

,
by addition,

(aQ)2a*Qy=i(aQ)3(a?2/)

;

(aA)(aQ)=Aj,Qj,=|(aQ)*A|=iR.Aj,

since it is quite easy to show that (aQ)®=(A, A')®,

(Q, Q')"=|e.A;

and finally

Similarly

Q/+xq=(/+>^Q. A+1\W,
= (/, A)1+X(Q, A)H|x»R(/, A)»+i\'®(Q, A)1,

wierein (/ A)^=Q, and we have to reduce (Q, A)X

S. I. — 38
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From

we obtain, substituting + A^, - Aj for yi, y^,

(QA)Q|Aj,= (aA)(AA )a|Aj,,

or

(Q, A)>=|(AA)4{(«A)A;- (aA)A^},

= -i(AA>4=-iE./;

Q^+,Q=Q(l+ixm) -iE/(x+Jx’E),

= (l + ix=E)(Q-ixE./).

So also it may be shown that

Ey+;^Q=E+X’>E2+ix^E’.

In general, if be any two forms, and any invariant

of / be 5i, ...am), the corresponding invariant of /+\9&,

VIZ. :

where

Jf+K^

—

^(^0 + ^®o? "I" "b

= ^3,

— 0 — 0 — 0
5=:ao-=r- +ai~+ .. + am;:t=-.

3ao 9^*1

ITow, ify be of degree v in the coefficients a, it is a homogeneous
function, and may be denoted symbolically by

^’2=(i><i“o+Vi+-
involving m+1 umbrae.

Thence

J>+A^=«^J=0a+Xi)J''=2®-P“
k

and, comparison of the coefficients of X*, gives

which is simply a numerical multiple of the a - polar of j.

It must be noticed that (5*) denotes an operator of order k, and
that it is only equivalent to h successive operations of 5 in the

particular case when the coefficients aQ, ai,.,.aro independent of

the coefficients ao» "^be operation of 5 upon a symbolic
product IS very simple ; suppose A to be a symbol which occurs
in the product

;
it may present itself in a determinant factor say

(Ap), or in a power form A^. If we find 5A^~ we write f for A
wherever A occurs, and thus obtain one term in the result of the
operation

;
the complete result is obtained by summation in re-

gard to all the synabols dealt with in this manner. The opera-
tion of d upon a transvectant, expressed as such, is precisely
similar.

JEx, gr. Let Fi=(a&)2(ac)®(&c)2

where /=4j ^=‘4>

and 5oJ=Jia=54=<4>
then

Again let

where
then

5Fi= {abf{ac)\bc)^ -f- (aa)^(ac)^(ac)^+ (a6)*(aa)®(ia)®,

= S(ab)%aa)^(ba)^.

«/=r=r=0;

So far we may always go whatever _the values of Oq, ai... ; but
when these are independent of % ai,...we may introduce new
symbols and obtain

SO that

=(a5)2(«c)2(6c)2-l-3(a5)2(aa)2(6a)X2.

Also

leading to

S^Fa

+3{(0, /}*>?+ {{4>, <!>'?, <!>")*>?

When, on the other hand, a,), functions of ^0,^ 1 ,
.. the

matter is not so simple, lor now optiator ot order A is not

equivalent to 5^, k suceussivc opciations ot 0 . Wiito 5=5^ ; then

5^=(5-)-r5it5i wlieii 5if5i is an opimtor foinnd by opf'iatiiig

upon with regarding the loimci meiely as a tuuction ot

Cfl, a^,
;
so that

write 5i+5i^ 52, and g< ncrally 0j.io^= 5*+i, then it is easy to

show that

according to a well-known law established by the theorem
of opeiator-transioniiation given in the sei'tion on symmetric
t unctions.

The Parkttl JJilitrenfial Equation.—It will he shown later

that covariants may he studied by restricting attention to I lie

leading coidficient, viz., th.it alhciing wlicu’e c is the order of

the covanant. An important fact, diseoveied l>y Cayh*y, i.s

that these coefficients, and also tin* complete eovariants, satisfy

cextain partial diifercntial e(piations which suffice to d‘ termine

them, and to as<‘ertain many of their properties. Tlusse (spialions

can be arrived at in many ways
;
the method here given is due

to Gordan. Xj, Xg, /Jt, being as usual the coellieients of sub-

stitution, lot

0

+ X,-;-=D

d

kk ,
Xj^;^— 4* X,..*-"=DV2

:
—~D ,

(fJLi y/JUi

be linear operators. Then ifj, J be the original and transformed
forms of an invariant

J=(X;4)“/,

w being the weight of the invariant.

Operation upon J results as follows :

—

DwiJ =tsJ ; =0 ;

The first and fourth of these indicate that is a homogeneous
function of X^, Tcj, ^.nd of separately, and the &(‘cond and
third arise fiom the fact thatT[X/i) is caused to %anish by both

^kfjt.

/t /s fe

Since J=F(Ao, Ai,...Ai,.. ), where AA=aA
we find that the results are equivalent to

k k

According to the well-known law for the changes of independent
variables. Now

^kk^jc= (^ - - 1

;

^/xA-^fc” ”
j ^ixjjAk^^-^k »

so we obtain

k

2 _ ax
(w-A)Afc+i^

- A 'sn _ ax

k k

equations which are valid when X^, Xg, pti, ACg have artitrary values,

and therefore when the values are such that J =y, Aa;=a;fc.

Hence

+ (« - l)«l^ + (« - SVsIt+ ...-wj,
O^Q OCC'-^ 0®2

+ (71, — 1 -p

0^0 0X1
2^^+... = 0,
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the complete system of equations satisfied by an invariant. The
fourth shows that every term of the invariant is of the same
weight. Moreover, if we add the first to the fourth we obtain

2
- Sy 2io ..

i

where 6 is the degree of the invariant
;
this shows, as we have

before observed, that ior an invariant

At

The second and third are those upon the solution of which the
theoiy of the invariant may be said to depend. An instantaneous

deduction from the relation lo^^'^nd is that forms of uneven orders

possess only invariants of even degree in the coefficients. The
two operators

h
Odi 0(l2

have been much studied by Sylvester, Hammond, Hilbert, and
ElUott (EUiott, I c. ch. vi.) It has been established that, if

FC^oj he rational, integral, homogeneous, and isobaric
function of the coefficients,

F(Ao,Ai,. A,0

= (Xfi) \i + ««)>

a result from w Inch all the important facts concerning invariants
may be deduced.
The analogous partial diffeiential equations satisfied by any

covaiiant^ may be established as follows. We have

j=jXMy^+‘j

whoro J=F{A(|, Aj, . (seft), (Xa)}

y=F(ffo, ajj)

the new variables being Ij= (a^i) =
^2™ ” *~ ^2^ Xja52 •

We then obtain

7u

(Da^A;J^+ (D,^O3^= 0,

I

k

2 — 0J 0J

k

k

2 - 0J 0J

ITow, as before, we pass from J to/; further, we make use of
the formula

and we obtain

= 0 ,

the complete system.

-u9;7 ^ ^
oa^ 0^2

Adding the first and fourth equations we obtain

nd- €=z 22v,

the invariant relation connecting the four numbers 5i, 6, e, w.
The satisfaction of the differential equations is not only necessary,
but it 15 also sufficient. To establish this, in the ease of in-
variants let J be any solution of the differential equations, in

which the quantities A/, are independent vaiiables, and K any
other solution. We obtain

hK-^ih4K-€h-"-
1 /„3J ,3K\ ^ 1

,

K^V^Xi '^3xJ'^'''K’“^

,3,r ,3K\

1 /„3J .3K\ 1 ASJ ,3K\ .

or, if J=KL,
3L 3L 3L 3L

3L
,
3L 3L

.
3L

^0-

As (Xjul) does not vanish, these equations necessitate

3L_ 3L 3L_
d\r

showing that L is independent of X^, X^, jU2‘

We may put K=(X/t)»^ so that

J=:(XjOt)«'L

and now putting Xi=ju.2 =l, X2=ju>i=0, L becomes equal to^', and
J=(X^rt*; hence this relation is satisfied by every solution j of
the differential equations. If wo have several binary quantics we
have similaily the two operations

0

3

which cause the vanishing of a covariant and the invariable
relation

com*eoting the numbers
The Bvectant Process ,—If we have a symbolic product, which

contains the symbol a only in determinant factors such as (ab),

we may write £C2 >
”

^i? ^2?
^h.us obtain a product in

which {ab) is replaced by &*, (ac) by c* and so on. In particular,

when the product denotes an invariant we may transform each
of the symbols a, 6,...to cc in succession, and take the sum of the
resultant products

; we thus obtain a covariant which is called

the first evectant of the original invariant. The second evectant
is obtained by similarly operating upon all the symbols remain-
ing which only occur in determinant factors, and so on for the
higher evectants.

JSx. gr. From {ac)\bd)\adr){bc) we obtain

(&c?)®(&c)c|c?^

+

- \bdy(jid^(i%b^ - (a.cy{bc^cb^b%

= evectant

;

and thence 4c|c?® the second evectant
;
in fact the two evectants

are to numerical factors pr^s, the cubic covariant Q, and the
square of the original cubic.

If d be the degree of an invariant^'

uGiq OCC^^ Odf^

^ , ,
n ^3

and, herein transforming from a to x, we obtain the first

evectant

JPx 2 ( \k k n-^k^i

Combinants.—An important class of invariants, of several

binary forms of the same order, was discovered by Sylvester.

The invariants in question are invariants qud linear transforma-

tion of the forms themselves as well as qua linear transformation

of the variables. If the forms be c&®, the Axonhold pro-

cess, given by the operation 5 as between any two of the forms,
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causes sucli au invariant to vanisli. Thus it has aunihilators of

the forms
- d -d-d

10 FORMS
We maj write thcrefoic

X ^dh, '2

-n d T' ^
I r ^

+ ^17=^+ ^27=^+ . .

.

dci^ dct-^ dvL^

and Gordan, in fact, takes the satisfaction of these conditions

defining those invariants, which Sylvester termed ‘‘ Combinants/*

The existence of such forms seems to have been brought to^ !

Sylvester's notice by observation of the fact that the resultant of

and ^^^st be a factor of the resultant of Xttf 4-^6^ and

for a common factor of the first jiair must be also a

common factor of the second pair
; so that the condition for the

existence of such common factor must be the same in the two

cases, A leading proposition states that, if an invariant of \a^

and be considered as a form in the variables \ and ya, and an

invariant of the latter be taken, the result will bo a conibinant of

and The idea can be generalized so as to have regard to

ternaiy and higher forms each of the same order and of the same
number of variables.

For further infoimation see Goudan. VorUmngm uibor //t-

mrvmtentheoruy B. ii. § 6, Leipzig, 1887 ; B, B. Elliott.
Algebra of QuantieSy Art. 264, Oxford, 1895.

Associated Forms,—A system of foims, such that every form
appertaining to the binary foim is expressible as a rational and
integral function of the members of the system, is difUoult to

obtain. If, however, we specify that all forms aic to be lational,

but not necessarily integial functions, a new system of forms
arises which is easily obtainable. A binaiy form of order n con-

tains n independent constants, three of which by linear trans-

formation can be given determinate values
; the remaining n -3

Coefficients, togetiier with the determinant of transformation,
givens n -2 parameters, and in consequence one relation must
exist between any 71 - 1 invaliants of the form, and fixing upon
n -2 invariants every other invariant is a rational function of its

members. Similarly regarding jsi, X2 as additional parameters,
we see that every covariant is expressible as a rational function
of n fixed 00variants. We can so determine these n covariants
that every other covariant is expressed in terms of them by a
fraction whose denominator is a power of the binary form.

First observe that with/a,==%=J^= •• "
Vs=«»3%'’\

we find

fx ’

and that thence every symbolic product is equal to a rational
function of covariants in the form of a fraction whose denominator
is a power of/*. Making the substitution in any symbolic pro-
duct the only determinant factors that present themselves in the
numerator are of the form (a/), (5/), (c/),.,.and every symbolic
finally appears in the form

V'fc=(v)*’®r*

xj/jt has / as a factor, and may be written/. w* ; for, observing that
=:/.Wo; ^1=0=/. 7^1; where 74^=0,

assume that

Talcing the first polar with regard to y

f,. n fcu-2fc-l
,

n-l Tdn-ts

Tc-l n-TCf^

n-lcTn-2

and, writing/2 and -/i for yi and 7/2*

Moreover the second term on the left contains

if Jc he uneven, and

if ]c he even ; in either case the factor

and therefore

/

These forms, n in number, aic called ‘^associated forms" of/
(“ Schwestufoimen" foimes assoemes").

Every covanaut is rationally expressible by means of the forms

/, •Wo, }0i, . Un since, as Ave have seen, 74y~l, Ui— 0 > It is easy

to hnd the lelations

«J= y(/,/')A

[{j>/)}"'>

and so on.

To exhibit any covariant .is a function of 7^1, ... take

and tiansloim it by the substitution

fy/i - •'V'/j
=

’> J - /i“'i ' !/. ’

thence
/• ^fiV ; / -fiv,

and
-71.-1 71 ji

,
/'n\ ji-i 2, /n\ ..a- 3 3 , ,

a

Now a covariant of «^=/ is obtained from the similar covariant

of
y
by writing therein , for y^ ,

and, since
, y y have

been linearly transfoimed to $ and 77, it Is merely necessaiy to

tonn the covariauts in respect of the form
division, by the pioper power of/, gives the covanaut in question
as a function of/, w,)= 1 , ,

7f„

,

Foo, p?*., in the case of the binary quartic,

a3idy=!0
3/1.

=X
which is exactly the relation connecting the five ground forms.

The above system /,?62, i^n not, howev<r, tor many
purposes the most convenient system of associat(‘d forms.

Writing (/,/')^-G2i.»
Hermite and Glebsch

have shown that 74#is expressible in terms of the 3 forms/,

H3, G4, ... G, or H, according a.s 5 is even or uneven. Hence, we
may take this for an associated system axq)ertaiuing to a form of
order 5,

We have rt — 7t-2I:,n-2fc
G2fc=(«&) bx i

but/.(ai)=(a/)Jj5-(i/)fl(e; {ae)^~^ =.{af)

;

G2,./®=Ar

Hsft+i
®

Whence expression, by the binomial theorem, gives

- 1^1 -/^+ (^2 )^27c- 2
*^
2
/^ ” - . . + U^Tcf^ ,

or,

^=2{w2fc'Mo+ ( 2^)^2fc-2^2
"

and, similarly,

-rr M-2 ,2k{2k-Z) f

Il23fc+lv =W2fc+l'»*0+ 21 \kn+l'*^lz>

and, from these, we can express the members of the u system in
terms of the G and H system.
As the symbolic expression offorms with two series of cogredient

variables, we take

“y= («i®i
+

+

“sJ'a)”.

2/rv\/n\ m-Tc 1c n-k \ m-k k %-X. X
(*Xx>i «2^ ^s^^i

the real expression being 1 the form

being of degree m in a^jasa of degree n in y^y^, and the
coefficients being arbitrary.

Itmay happen that a^ay is the product of the two forms a^,

and then . a;^ ; this case is included in the general theory.
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A symbolic product contains factors of seven types, viz.

(i.)
,

(m.) (iy.)ci^=.iJ^=,
,

(v.) (ad)
,

(vi.) (a/3j
, ( vii) (a/3)

,

and, if it is to have a real expression, each letter a, b, c, . . must
occur M times, and each letter a, /3, y, ... n times. An im-

portant pioposition is the expression ofa^a^ in a series of polars

offoims, of type (aa)^a^ each polar being multiplied by
a power of (ccy). Goidau’s formula is

m % 'Sn (PCD
{(aa)V

)y

and the light-hand side is a simultaneous covariant of the forms

(m)\ri^~^a^~^ which involve but one series of variables.

Other useful series are

(^)a)A. f / \7c X — 7c 71 -* 7c I •— fc/ «
-((aa) (aiy) ;

/ w n^n "’S^/ Jc m-L n-Tc, >,k

C“* “Ja=^( -
) % (»2/)

As an application consider the second transvectant of the quartie

aj with its Hessian, Expand a member of the

third polar of (ab)a%bl, viz. :

—

{ai)ap)y= (ai) (mjj* +|{ ((t5)XJ|}“(a!2/)

the first and third terms vanish, and hence

By a previous theorem if we transform from ytoo and multiply by

«*> tsoomes 4(Ac)=A|=(aJ,4)^
Hence

(fli6)(Sc)’4cj,=|(i^
, 4)^+T(csi)'

and

- (ah)(bcfalc^-'^{(ac)(lcfalb^ - (db)(Ufa%i^

=5( } =l(beM=lw*4-

(A‘,4)==i(a6)<‘o^=^./.

Summary of Results.—We will now give a short account of the

results to which the foregoing processes lead. Of any form %
there exists a finite number of invariants and covariants, in terms
of which all other covariants are rational and integral functions

(cfi Gordan, Band ii. § 21). This finite number of forms is said

to constitute the complete system. Of two or more binary forms
there are also complete systems containing a finite number of

forms. There are also algebraic systems, as above mentioned,
involving fewer covariants which are such that all other covariants

are rationally expressible in terms of them
;
but these smaller

systems do not possess the same mathematical interest as those

first mentioned.
The Bincury Quadratic.—^The complete system consists of the

form itself, a|, and the discriminant, which is the second trans-

vectant of the form upon itself, viz.: (fif)^=(<d))^ i
or, in real

coefficients, The first transvectant, (/,/')^

=

(<d3)aj>x,

vanishes identically. Galling the discriminant D, the solution of

the quadratic a|=0 is given by the formula

If the form a% be written as the product of its linear factors

the discriminant takes the form - \(pgT* The vanishing of this

invariant is the condition for equal roots. The simultaneous

system of two quadratic forms a|, sayf and consists of six

forms, viz. : the two quadratic forms/, <f> ;
the two discriminants

(/,/')‘^,(0J0')^ and the first and second transvectants of/ upon

if 7 iff which may be written (a(L)axOLx and (aa)\

These fundamental or ground forms are connected by the relation

“ 2 {(/, 7 <i>y - 2/0(/, 0v,/)".

If the COvariant (ff(p)'^ vanishes/ and (p are clearly proportional
and if the second transvectant oi (/, 0)^ upon itself vanishes, /
and (p possess a common linear factor

;
and the condition is both

necessary and sufficient. In this case (/, is a perfect square
since its discriminant vanishes. If (/, (p)^ be not a perfect square,
and rx,Sx be its linear factors, it is possible to express / and 0
in the canonical forms Xj + X2(Sa;)*^, /^lirxY+ respectively.
In fact, if / and (p have these forms, it is easy to verify that

ifi ^)^=ihf^)i^s)rxSx. The fundamental system connected with
n quadratic forms consists of (i. ) the 7h forms themselves/i ,/2 , . . ./n,

(ii.) the (2) functional determinants (iii.) the

invariants (iv.) the (3) forms each such

form remaining unaltered for any permutations of % Ic, m.
Between these forms various relations exist (cf. Gordan, § 134),

The Binary Cubic.—The complete system consists of

/=“! .
(/>/')“ (/. A)= (aj)='(cas)jj,c|= Q|

,

and
(A

,
A')2= (ab)\cd)\ad)(bc)=R..

To prove that this system is complete we have to consider

(/,A)2 (A, AOS (/,Q)S (/,Qft (/,Qf, (A,Q)\ (A,Q)2

and each of these can be shown cither to be zero or to be a rational
integral function /, A , Q and R, These forms are connected by
the relation

2Q2 h-A3 h-R/2=:0.

The discriminant of / is equal to the discriminant of A, and is

therefore (A ,A0®=R
;
if it vanishes both /and A have two roots

equal, A is a rational factor of/ and Q is a perfect cube
;
the cube

root being equal, to a numerical factor^m, to the squaie root of

A. The Hessian A=A|is such that (/, A)®=0, and if / is ex-

pressible in the form X(pa:)®+ that is as the sum of two

perfect cubes, we find that A| must be equal to for then

Hence, he the linear factors of the Hessian A|, the cubic

can be put into the form 'hi^pxf + and immediately solved.
This method of solution fails when the discriminant R vanishes,
for then the Hessian has equal roots, as also the cubic /, The
Hessian in that case is a factor of /, and Q is the third power of
the linear factor which occuis to the second power in /. If,

moreover, A vanishes identically /is a perfect cube.

The Binary Quartic.—The fundamental system consists of fi.ve

forms 4=/; (/,/>= (aj)®4&|=Aj; (/,/')*=(ffi6)^=i
;
(/.a)*

= (aA)fi|A|=(a6Xoj)a|Ja;o|=< ; (/, A)*=(aAy=(o!&X6cXea)*
=y, viz., two invariants, two quartics, and a sextic. They are

connected by the relation

22^2= i^/2A - A^ - iy/3.

The discriminant, whose vanishing is the condition that / may

possess two equal roots, has the expression it is nine

times the discriminant of the cubic resolvent ^-iz^-i/and
2t o

has also the expression 4(^, t'Y. The quartie has four equal roots,

that is to say, is a perfect fourth power, when the Hessian vanishes
identically ; and conversely. This can be verified by equating

to zero the five coefficients of the Hessian (a6)^c6|&|. Gordan has

also shown that the vanishing of the Hessian of the binary is

the necessary and sufficient condition to ensure the form being a
perfect power. The vanishing of the invariants i and j is the
necessary and sufficient condition to ensure the quartie having
three equal roots. On the one hand, assuming the quartie to

have the form 4a3®a5g, we find z=/=0, and on the other hand,

assuming ^=j=:0, we find that the quartie must have the form

which proves the proposition. The quartie will

have two pairs of equal roots, that is, will be a perfect square, if

it and its Hessian merely differ by a numerical factor. For it is

easy to establish the formula (2/Jc)^A^=2/./|- 2(/^)^ connecting

the Hessian with the quartie and its first and second polars

;

now a, a root off is also a root of Aj, and consequently the first

polar must also vanish for the root a, and thence

^ and
0^

must also vanish for the same root; which proves

that a is a double root of /, and / therefore a perfect square.

'When/=6a^a;2 it will be found that A= -/. The simplest form
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to Avliicli the quartic is in general reducible +

involving one parameterm
;
then Aj

=

2m(x^ + a?^) + 2(l - 3w^)a3^a52 ^

;
;f = 6 /;i( 1 - 9j? )^ ;

25= (l - 9}r/)(os^ - xl)(x^+

.

The sextic co variant t is seen to bo factorizable into three quadratic

factors ^=£cj+j?^, vhich are such that the

three mutual second transvectaiits vanish Identically ; they are

for this reason termed conjugate quadratic factors. It is on a

coiisideiation of these factois of t that Cayley bases his solution

1 1
of the quartic equation. For, since -/)^,

2 o

he compares the right - hand side with the cubic resolvent

of/=0, and notices that they become identical

on substituting A for k, and -/for X
;
hence, if h he the

roots ot the resoh ent,

'^—hd) 3̂x3xi other linear covariants, viz.,

a= P= M’^a}p y=('^°‘)Txf ^= Further, in the
^se of invariants, we w’rite A= (i,^')^ and take three new forms

R=(^7). Hermite expresses the qiiintic
in a forme-type in which the constants are invariants and the
variables linear covariants. If be the linear forms, above
defined, he raises the identity = a^(a/3) - to the fifth
power (and in general to the power n) obtaining

(a^)®/= (<i^)“aj - 5(apy(aa)4p^+
;

and then expresses the coejfiicients, on the right, in terms of the
fundamental invariants. On this principle the covariant j is ex-
pressible in the form

Ry= S®

+

|

b«=o
+
|AC5a2+ |c(3AB - 4C)aa

-2i==(A+i-i/;(A + i-,/)(A+ *,/)

;

and now, if all the roots of/he difterent, so also are those of the
resolvent, since the latter, and /, have practically the same dis-

criminant
; consequently each of the three factors, of - 2^^ xnust

he perfect squares and taking the square root

V - 2

and it can be shown that 0, X) the three conjugate
quadratic factors of t above mentioned. We have A-fiq/=^2,
A + ^’2/=X^ ^ + and Cayley shows that a root of the
quartic can be expressed in the determinant form

2 7,
the remaining roots being obtained by vary-
ijjg signs w'hich occur in the radicals

1 jK J ^1/ The transformation to the normal
y(f\ fonn reduces the quartic to a quadratic. The

new variables are the linear factors of

2/2=1 If0= . 5a;,
the normal form of can he shown

to be given by

(rsY.4= ^ ,

0 is any one of the conjugate quadratic factors of t, so that, in
determining from \/a+^=:0, \ is any root of the re-
solvent. The transformation to the normal form, by the solution
of a cubic and a quadratic, therefore, supplies a solution of the
quartic. If (X^u) is the modulus of the transformation by which
a% is reduced to the normal form, i becomes (X/i)^', and j, (Xya)^;

;

hence
^

is absolutely unaltered by transformation, and is termed

the absolute invariant. Since therefore -=? liav©
3

a cubic equation for determining as a function of the absolute
invariant.

BeumrJc,—Hermite [has shown {Grelle, Bd. lii.) that the sub-

stitution, 4 reduces to the form
3 J V/

1 9.
2z V “

/1_1V 3 2"

92

y — xixe uumpietie system consists 01 23 fc

which the simplest are/=ff»; the Hessian H=(/,/7=(oS^
the quadratic ooTariant i=(/,/0'=(uO‘®A ; and the nonic u

jmant _T=(/. (/,/'»=(/, =

of the^Xur°
expressible as transvectants of compouni

There are four invariants (/^.^o. ^7)U
four linear forms (/,i2)4. (/,^3)5. W
three quadratic forms ^ (H W
three cubic forms (/,2-)^*
two quartic forms (H

, if ; (H ,

^2)J.

three quintic forma/;
two sextic forms H ; (H

, if
one septic form (i

,
T)®

one nonic form T.

le
covariant (/,i)2=y, and then remark tk

the res^t, (f,J?= 0, can be readily established. The form j

^ (/,/)*=0 as no other covarili
possesses this property.

Certain oovariants of the quintic involve the same determinai
fetors M appeared m ^e system of the quartic

; these are f, I
importance.. Further, it is oojvement to have before us two other quadratic oovariants, viz

when 5
,
a are the above defined linear forms.

Hence, solving the cubic,

E,2y (g _ _ m2a)(5 - m^a)

wherein mi, are invariants.
Sylvester showed that the quintic might, in general, be ex-

pressed as the sum of three filth powers, viz., in the canonical
lorm f—k-f^pscY-irkf^qff + k^{Tff. How, evidently, the third
transvectant of f expressed in this form, with the cubic p^qxTx is
zero, and hence from a property of the covariant j we must have
J—PuSx'i'x ; showing that the linear forms involved are the linear
factors ofy. "We may therefore write

/= ki(S - m^af + ^2(5 - + 11:3(5 - m^af

;

and we have merely to determine the constants A, K, k,. To
determine them notice that R= (a6) and then

(/,a7 +

(/» a'*5)® = —

(/, a^d^y= - lQR^(mp^ +
three equations for determining kj, Aj, *3. This canonical form
depends upon j having three unequal linear factors. When 0
vanishes j has the form J=plqx> (/./)“=(ap)t“?)«l=0.
Hence, from the identity “*(^'2') =jJa;(“2') “ 2'*(«2’)> we obtain

(.PSy/— - 5(op)(a2')^fe'a; “ required canonical
fonn.

^
How, when C=0, clearly (see ante) B,y=^p where

p=3+ -Ba ; and Gordan then proves the relation

6B^./= B6®+ 5Bd^p - 4AV,
which is Bring’s form of quintic at which we can always arrive
by linear transformation, M^henever the invariant C vanishes.

’

Itema>rk,--Th.Q invariant C is a numerical multiple of the
resultant of the covariants i and^', and if C=0, p is the common
factor of i and^'.

The discriminant is the resultant of ^ and^ and of decree
O’ JT,

^
coefficients; since it is a rational and integral function

^ o
fundamental invariants it is expressible as a linear function

cf A" B
;
it is independent of C, and is therefore unaltered

when C vanishes
; we may therefore take/in the canonical form

_ 6Ry= B55 + 5B8^p - 4AV.
The two equations

^=5(B5*+4B5«p)=0,

^=5(B5^-4Ay)=0,

yield by elimination of $ and p the discriminant

D=64B-A2.
The general equation of degree 5 cannot be solved algebraically
but the roots can be expressed by means of elliptic modular
tunctions. For an algebraic solution the invariants must fulfil

of expressions

X
’ vanishes, the covariant a^: is a linear factor of

f; but,^ when R=:AC-B^=2AB-3C=0, also vanishes, and
then / is the product of the form and of the Hessian off
’When a* and the invariants B and C all vanish, either A otI

^ ^ perfect cube, its Hessian
flushing, and further / contains

./ as a factor; in the latter
p„, O'* be the linear factors of i, /can he expressed as

if both A and j vanish i also vanishes identi-

the condition be the vanish-
lUjj of z, / contains a linear factor to the fourth power.
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The Binary Sextic.—The complete system consists of 26 forms,

of which the simplest are /=a|; the Hessian 'R= {abfa^h%’ the

q^uartio i= ; the oovariants I= {aifal ;
T

=

(flVf{ch)a^lel \

and the invariants A=(ai)®
;
B= (M'y. There are

5 invariants : (a, hf, (i
,

(Z, Vf, (/, Pf, ((/, i), ;

6 of order 2 : 1, (i, If, (/, Vf, (i, Pf, (/, Pf, , l^f

;

6 of order 4 -A, (/, If, {i, 1), (/, Pf, ((/,i), j

6 of order Q-.f,p= (/. Q. ((/. »), (f> , 2) J

8 oforder 8:H,(/,i), (H,Z);

1 of order 10 : (H, ^)

;

1 of order 12 : T.

Eor a further discussion of the binary sextic see G-ordan loc,

Clebsch loc. cit. The complete systems of the quintic and sextic

were first obtained by Gordan in 1868 {Journ. f. Math. Ixix. 323-

354). Von Gall in 1880 obtained the complete system of the
binary octavic {Math. Ann. xvii. 31-52, 139-152, 456) ;

and, in

1888, that of the binary septimic, which proved to be much more
complicated {Math. Ann. xxxi. 318-336). Single binary forms of

higher and finite order have not been studied with complete suc-

cess, but the system of the binary form of infinite order has been
completely determined by Sylvester, Cayley, MacMahon, and
Stroh, each of whom contributed to the theory.

As regards simultaneous binary forms, the system of two quad-
ratics, and of any number of quadratics, is alluded to above, and
has long been known. The system of the quadratic and cubic,

consisting of 15 forms, and that of two cubics, consisting of 26
forms, were obtained by Salmon and Clebsch ;

that of the cubic
and quartic we owe to Gundelfinger {Programm Stuttgart, 1869,

1-43) ;
that of the quadratic and quintic to Winter {Programm

Darmstadt, 1880) ;
that of the quadratic and sextic to von Gall

{Programm Lemgo, 1873) ;
that of two quartics to Gordan {Math.

Ann. ii. 227-281, 1870) ;
and to Bertini {Batt. Giorn. xiv. 1-14,

1876 ;
also Math. Ann., xi. 30-41, 1877). The system of four

forms, of which two are linear and two quadratic, has been in-

vestigated by Perrin {S. M. F. Bull. xv. 46-61, 1887).

Ternary and Higher Forms.—The ternary form of order n is

represented symbolically by

{Or^xi -h a^2+ agccg)^

=

a^
;

and, as usual, b,c,d,... are alternative symbols, so that

To form an invariant or covariant we have merely to form a
product of factors of two kinds, viz. determinant factors {ahc),

{abd), (bee), etc...., and other factors a*, bx, Cx,... in such manner,
that each of the symbols a,b,c,... occurs n times. Such a symbolic
product, if it does not vanish identically, denotes an invariant or

a COvariant, according as factors ax, bx, c*,... do not or do appear.

To obtain the real form we multiply out, and, in the result, sub-
stitute for the products of symbols the real coefficients which they
denote.

For example, take the ternary quadratic

(ci^Xi -H ,

or in real form ax^ + bx^ -f -h 2 + 2gx^x^+ 2hx^x^. We can

see that {ahc) axbxflx is not a covariant, because it vanishes iden-

tically, the interchange of a and b changing its sign instead of

leaving it unchanged ;
but (abc)^ is an invariant. If a%,b%,c% be

difPerent forms we obtain, after development of the squared deter-

minant and conversion to the real form (employing single and

double dashes to distinguish the real coefficients of b\ and c|),

a(6V'+ b"c' ~ 2f'f) + b{c'a"+c'W - 2g'g")

+c{aT + a"b' ^ 2h’r) 4- 2f{g*W -1- /A' - a^f - ')

^2g{h'f'+hY - b'f - &Y) + 2^(/'/+/y - c'h"-

c

'%')

;

a simultaneous invariant of the three forms, and now suppressing
the dashes we obtain

^{abc -f 2fgh - af^ - bg^ - cbP),

the expression in brackets being the well-known invariant of a%
the vanishing of which expresses the condition that the form may
break up into two linear factors, or, geometrically, that the conic

may represent two right lines. The complete system consists of

the form itself and this invariant.

The ternary cubic has been investigated by Cayley, Aronhold,
Hermite, Brioschi, and Gordan. The principal reference is to

Gordan {Math. Ann. i. 90-128, 1869, and vi. 436-612, 1873). The
complete covariant and contravariant system includes no fewer

than 34 forms
;
from its complexity it is desirable to consider the

cubic in a simple canonical form ;
that chosen by Cayley was

I 0 F O E M S 303
a^+ b^+ cz^-^Qdxyz {Amer. J. Math. iv. 1-16, 1881). Another
form, associated with the theory of elliptic functions, has been
considered by Dingeldey {Math. Ann. xxxi. 157-176, 1888), viz.

xy^-^z^ -^g^j-^-g^, and also the special form axz^ -~4d3y^ of the
cuspidal cubic. An investigation, by non-symbolic methods, is

due to Mertens
( Wien. Ber. xcv. 942-991, 1887). Hesse showed

independently that the general ternary cubic can be reduced, by
linear transformation, to the form

a form which involves 9 independent constants, as should be the
case

;
it must, however, be remarked that the counting of con-

stants is not a sure guide to the existence of a conjectured canonical
form. Thus the ternary quartic is not, in general, expressible as
a sum of five 4th powers as the counting of constants might have
led one to expect, a theorem due to Sylvester. Hesse’s canonical
form shows at once that there cannot be more than tvro independ-
ent invariants

;
for if there were three we could, by elimination

of the modulus of transformation, obtain two functions of the
coefficients equal to functions of m, and thus, by elimination of m,
obtain a relation between the coefficients, showing them not to
he independent, which is contrary to the hypothesis.
The simplest invariant is ^^{abc){dbd){acd){hcd) of degree 4,

which for the canonical form of Hesse is m(l -m^) ; its vanish-
ing indicates that the form is expressible as a sum of three cubes.

The Hessian is symbolically {abc)^a^b^yi-'B.l^ and for the canonical

form {\-¥2m^)xyz~-m^{x^+y^+ z^). By the process of Aronhold

we can form the invariant S for the cubic a® and then the

coefficient of \ is the second invariant T. Its symbolic expression,
to a numerical factor jpres, is

{mc){md){llcd){hcd),

and it is clearly of degree 6.

One more covariant is requisite to make an algebraically com-
plete set. This is of degree 8 in the coefficients, and degree 6 in
the variables, and, for the canonical form, has the expression

- 9m®(a3® + y^+ 2®)® - {2m -h -i- 207n7) (a;®+y^+ z^)xyz
- (15m2 -f 78m5 - + (1 + 8m®)®(a^®s3 4- + x^y^).

Passing on to the ternary quartic we find that the number of
ground forms is apparently very great. Gordan {Math. Ann. xvii.

217-233), limiting himself to a particular case of the form, has
determined 64 ground forms, and Maisano {Bait. G. xix. 198-237,

1881) has determined all up to and including the 6th degree in
the coefficients.

The system of two ternary quadratics consists of 20 forms

;

it has been investigated by Gordan {Clebsch-Lindemann'$ Vor~
lesungen, i. 288, also Math. Ann. xix. 529-552) ;

Perrin {S. M. F.
Bull, xviii. 1-80, 1890) ;

Rosanes {Math, Ann. vi. 264) ;
and Ger-

baldi {Annali (2), xvii. 161-196).

Ciamberlini has found a system of 127 forms appertaining to
three ternary quadratics {Batt. G. xxiv. 141-157).

Forsyth has discussed the algebraically complete sets of ground
forms of ternary and quaternary forms (see Amer. J. xii. 1-60,

115-160, and Camb. Phil. Trans, xiv. 409-466, 1889). He proves,
by means of the six linear partial differential equations satisfied

by the concomitants, that, if any concomitant be expanded in

powers of xi^, x^ Xi, the point variables—and of u^, the contra-

gredient line variables—it is completely determinate if its leading
coefficient be known. For the nnipartite ternary quantic of order

n he finds that the fundamental system contains ^{n+^){n-l)

individuals. He successfully considers the systems of two and
three simultaneous ternary quadratics. In Part III. of the Memoir
he discusses bi-ternary quantics, and in particular those which
are lineo-linear, quadrato-linear, cuho-linear, quadrato-quadralic,

cubo-cubic, and the system oftwo lineo-linear quantics. He shows
that the system of tne bi-ternary n'*m^ comprises

^{n 4* l)(w 4- 2)(m 4- l)(m 4- 2) - 3 individuals.

Bibliographical references to ternary forms are given by Forsyth

{Amer, J. xii. p. 16), and by Cayley {Amer, J, iv. 1881).

IV. Enttmeratiitg Geneeating Ftjnctions.

Professor Michael Roberts {Quart. Math. J. iv.) was the first to

remark that the study of covariants maybe reduced to the study

of their leading coefficients, and that from any relations connect-

ing the latter are immediately derivable the relations connect-

ing the former. It has been shown above that a covariant, in

general, satisfies four partial differential equations. Two of these

show that the leading coefficient of any covariant is an isobarie

and homogeneous function of the coefficients of the form j
the

remaining two may be regarded as operators which cause the



304 ALGEBRAIC FORMS
vanisMng of the covariant. These may be writteii, for the

binary

or in the form
d r. r. .

d
dx2^

where

Let a covariant of degree e in the variables, and of degree Q in the

coefficients (the weight of the leading coefficient being w and

n6 -‘ew=2)j be

CoCcJ+€CiasJ"^fl32 + ...

.

c?

Operating with OCo-0 ; that is to say, Cq satis-

fies one of the two partial differential equations satisfied by an
invariant. It is for this reason called a seminvariant, and every

seminvariant is the leading coefficient of a covariant. The whole
theory of invariants of a binary form depends upon the solutions

of the equation 0=0. Before discussing these it is best to trans-

form the binary form by substituting 1 •
,
2 ! ,

3 ' ag,

for dKi , j% • respectively

;

it then becomes

a(^i +naiXi
~

+ n{7i - l)c»2iCi
-2 2

,X2+ . .+n\anX2i

and 0 takes the simpler form

^^dai *

One advantage we have obtained is that, if we now write ao—
and substitute for a, when s>0, we obtain

d
,

d
,

d
, ,

d

which is the form of (2 for a binary n -
Hence, by merely diminishing each suffix in a seminvariant by

unity, we obtain another seminvariant of the same degree, and
of weight w-dj appertaining to the n - 1*®. Also, if we increase

each suffix in a seminvariant, we obtain terms, free from aQ, of
some seminvariant of degree $ and weight w-h 6. Ex. gr. from
the invariant - 2ar^cL^ •+• 2ao«4 of the quartic the diminishing pro-

cess yields a\ — the leading coefficient of the Hessian of the
cubic, and the increasing process leads to -205204 +2aiag which
only requires the additional term - to become a seminvariant
of the sextic. A more important advantage, springing from the
new form of Q, arises from the fact that if

^ -...(- )”a„={x-aj){x - a^) . .
(:3r - a„)

,

the sums of powers 2a®,Sa®,Sa^, ...Sa** all satisfy the equation
0=0. Hence, excluding oiq) may, in partition notation, write
down the fundamental solutions of the equation, viz.

—

(2), (3),(4),...(^.),

and say that, with Oq, we have an algebraically complete system.
Every symmetric function denoted by partitions, not involving
the figure unity (say a non-unitary symmetric function), which
remains unchanged by any increase of n, is also a seminvariant,
and we may take if we please another fundamental system, viz.

—

'»o.(2),(S), (22), (32), . (2*“) or (32^”'”®^).

Observe that, if we subject any symmetric function (pipapg ..) to

the diminishing process, it becomes

Hext consider the solutions of 12=0 which are of degree 6 and
weight w. The general term in a solution involves the product

wherein S5r=^,Ss7rif= w; the number of such pro-

ducts that may appear depends upon the number of partitions
of w into 6 or fewer parts limited not to exceed n in magnitude.
Let this number be denoted by {w In order to obtain the
seminvaiiants we would write down the {w ; d, n) terms each asso-
ciated with a literal coefficient; if we now operate with 12 we
obtain a linear function of (w— i;djn) products, for the vanish-
ing of which the literal coefficients must satisfy ;6,n) linear
equations

; hence {vj of these coefficients may
he assumed arbitrarily, and^ the number of linearly independent
solutions of 12=0, of the given degree and weight, is precisely
(w ;0y'n)-(w-l

; n). This theory is due to Cayley
; its validity

depends upon showing that the {w-l;6,n) linear equations
satisfied by the literal coefficients are independent

; this has only

recently been established hy E. B. Elliott. These seminvariants

are said to form an asyzygetic system. It is shown in the Article

on Combinatorial Analysis that {w,
d

,
n) is the coefficient of

a^ in the ascending expansion of the fraction

1

Hence {w, 7i)-(w;-l; 6^n) is given by the coefficient of

a?z^ in the fraction

l-z
l-a.l-az.l-az^.

the enumerating generating function of asyzygetic seminvariants.

We may, hy a well-known theorem, write the result as a coeffi-

cient of zP in the expansion of

1 _ 1 -

and since this expression is unaltered by the interchange of n and
d we prove Hermite’s Law of Reciprocity, which states that the
asyzygetic forms of degree 6 for the are equinumerous with
those of degree n for the
The degree of the covariant in the variables is e=nd

consequently we are only concerned with positive terms in the
developments and {w, - (w - 1 ; n) will be negative unless
nd -2w^0. It is convenient to enumerate the seminvariants
of degree 6 and order e=ri0 - 2w by a generating function

;
so, in

the first written generating function for seminvariants, write ^
for z and az” for a

;
we obtain

1 - as". 1 - as"-“2.i _ as"-^. ...1 - as””+^.l - as-"+2. 1 - as”"

in which we have to take the coefficient of a^s"^”2«>, the expansion
being in ascending powers of a. As we have to do only with that
part of the expansion which involves positive powers of s, we
must try to isolate that portion, say An(z). For ^z=2 we can
prove that the complete function may be written

where

-as^.l - a®
j

and this is the reduced generating function which tells us, by its

denominator factors, that the complete system of the quadratic
is composed of the form itself of degree order 1, 2 shown by
and of the Hessian of degree order 2, 0 shown by a®.

Again, for the cubic, we can find

1 —

l-aV.l-aV.l-a<’
where the ground forms are indicated by the denominator factors,

viz. : these are the cubic itself of degree order 1, 3 ;
the Hessian

of degree order 2, 2 ; the cubi-covanant G of degree order 3, 3,

and the quartic invariant of degree order 4, 0. Further, the
numerator factor establishes that these are not all algebraically
independent, hut are connected by a syzygy of degree order 6, 6.

Similarly for the quartic

1 _ ^G^^lS

establishing the 5 ground forms and the syzygy which connects
them.
The process is not applicable with complete success to quintic

and higher ordered binary forms. This arises from the circum-
stance that the simple syzygies between the ground forms are
not all independent, but are connected by second syzygies, and
these again by third syzygies, and so on

;
this introduces new

difficulties which have not been completely overcome. As regards
invariants a little further progress has been made by Cayley, who
established the two generating functions for the quintic

l-a^e

and for the sextic

l-a^.l-a8.1-ai2.i-ais*

l-aso

1 - a-*. 1 - a^.l -aM - a^M - a^®*

Accounts of further attempts in this direction will be found in
Cayley’s Memoirs on Qucmtics (Collected Papers), in the papers of
Sylvester and Franklin {Amer. J. i.-iv.), and in Elliott’s Algebra
of QuaMcs, chap. viii.

E&r^etuants .—Many difficulties, connected with binary forms
of finite order, disappear altogether when we come to consider the
form of infinite order. In this case the ground forms, called also
perpetuants, have been enumerated and actual representative
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seminvariant forms established. Putting n equal to oo, in a
generating function obtained above, we hnd that the function,
which enumerates the asyzygetic seminvariants of degree 9, is

1

that is to say, of the weight w, we have one form corresponding
to each non-unitary partition of w into the parts 2,3,4, ..d.

The extraordinary advantage of the tiau&formation of Ci to associa-
tion with non-umtary symmetric functions is now apparent

; for
we may take, as repiesentative forms, the symmetric functions
which are symbolically denoted by the partitions referred to.

M. gr., of degree 3 weight 8, we have the two forms (322), a(2%
If we wish merely to enumerate those whose partitions contain
the figure d, and do not therefore contain any power of a as a
factor, we have the generator

If d=2, every form is obviously a ground form or perpetuant,

and the series of forms is denoted by (2), (22), (2^), ...(2*+^) . .

Similarly, if d=3, every form (3 '^+^2^) is a perpetuant. For
these two cases the perpetuants are enumerated by

respectively.

When d=4 it is clear that no form, whose partition contains a
part 3, can be reduced

;
but every form, whose partition is com-

posed of the paits 4 and 2, is by elementary algebra reducible by
means of perpetuants of degree 2. These latter forms are enumer-

ated by
’

^^^^.ce the generator of quartic perpetuants

must be

q -7^2^ ^ „ g;4
*"

q _ 1 — »2, 1 _ ^

and the general form of perpetuant is (4'‘+^3^+^2/^).

When the reducible forms are connected by syzygies
which there is some difficulty in enumerating. Sylvester,

Cayley, and MacMahon succeeded, by a laborious piocess, in
establishing the generators for d=5, and d=6, viz.

:

jjl'j 2,31

but the true method of procedure is that of Stroh which we are

about tg-jrf^lain.

of Stroh .—In the section on ** Symmetric Functions,”
iiTwas noted that Stroh considers

(cTitti+ crgag+ . . . + o-ga^)'^,

? S 5

where (ri+ o'2+ ... + <rg=0 and 5:= ... = — =«, symbolically, to
s! s* s'

be the fundamental form of seminvariant of degree 6 and weight
w ; he observes that every form of this degree and weight is a

linear function of such symbolic expressions. We may write

(1 + 0'i|)( 1 + (Tgl) .
. ( 1 + O-g^)= 1 + Ag^®.

If we expand the symbolic expression by the multinomial

fK^rem, and remember that any symbolic product

retab^ the same value, however the suffixes be permuted, we

shall ob&fcn a sum of terms, such as -w! -L. -1- ..,

^1* ^2 ^3-
J- *

which in realib^m is w ' . ;
and, if we ex-

press in terms of Ag, Ag, ... and arrange the whole

as a linear function of products of Ag, Ag, . ,
each coefficient will

be a seminvariant, and the aggregate of the coefficients will give

us the complete asyzygetic system of the given degree and weight.

When the proper degree 0 is < a factor
^
must be of course

understood.

Hx. gr,

1 a2
^((Titti+ fl-aag+ (Tgag+ ? + a^(^S><riO-2

~ 2A2) + Ot^A.2~ (0^1 ” 2a2)A2= (2)A2^<'^o(2)^2*

In general the coefficient, of any product A^^A^^^A,^^..., will have,

as coefficient, a seminvariant which, when expressed by parti-

tions, will have as leading partition (preceding in dictionaiy

order all others) the partition (Tr^^a^g ..). l^ow the symbolic
expression of the seminvariant can be expanded by the binomial
theorem so as to be exhibited as a sum of products of seminvariants.

of lower degrees if (T-^ai + (Tgag + • • • + broken up into

any two portions

(tTitti + cr2a2+ . . . + (Tsag) -h (crj+itts+i + cr^+20-5+2+ . . • + cgag),

such that (Tj-f 0*2 + .. . + 0*5= 0, for then

0*5+1 + 0-5+2+ ..+o'g=0;

and each portion raised to any power denotes a seminvariant.

Stroh assumes that every reducible seminvariant can in this way
be reduced. The existence of such a relation, as + oTg+ .+0-5= 0,

necessitates the vanishing of a certain function of the coefficients

Ag, Ag, ...Ag, and as a consequence OTie product of these coefficients

can be eliminated from the expanded form and no seminvariant,
which appears as a coefficient to such a product (which may be
the whole or only a paid; of the complete product with which the
seminvariant is associated), will he capable of reduction.

JSx, gr. for 6=2, (tr^ai + o-gagj'*"
;
either o*! or ctq will vanish if

o-i(r2=A2=0 ; hut every term, m the development, is of the form

(222. .)k^ and therefore vanishes; so that none are left to

undergo reduction. Therefore every form of degree 2, except of

course that one whose weight is zero, is a perqietuant. The

generating function is 1 —

.

i “ c

For ^=3, (o'lai+ o'gttg+o'gag)^ ; the condition is clearly ffiO-a^Tg

=A3=0, and since every seminvariant, of proper degree 3, is

associated, as coefficient, with a product containing Ag, all such

are perpetuants. The general form is (3^2^) and the generating

ll+l Z-aj
-

For 0=4, ((Tia^ + crQa2+ <r3as+ ; the condition is

a-i(r2(r2(T4(cri + cr^) (o'! + ^Tg) ((Tj+ 0-4)= A4A3= 0.

Hence every product of A^, Ag, Ag, A4, w’hich contains the pro-

duct A4AS disappears before reduction
;

this means that every
seminvariant, whose partition contains the parts 4, 3, is a per-

petuant. The general form of perpetuant is (4^3^2^) and the
generating function

In general when 6 is even and = 2<p, the condition is

0*10*2 . .«r2^II(o'i + (r2)n(o-i+ 0*3+ 0*3) II(o-i + 0*3+ . . . + cr^)= 0 ;

and we can determine the lowest weight of a perpetuant
; the

degree in the quantities 0* is

20+ (f) +(f)+ • • + =2^* - 1 - 1= 2® - 1 - 1.

Again, if 6 is uneven =2(j!>-hl, the condition is

(TitTg. .. <r2^+lII(o*i+ or2)II(o'i + 0*2 + o-g) .. .11(0*1+ (Tg +...+ tr^)= 0 ;

and the degree, in the quantities o*, is

2^+ 1 + (%+1) +(^3+X+ ..+CV')
=22'^-1= 2®~‘^-1.

Hence the lowest weight of a perpetuant is 2®“^- 1, when 9 is

>2. The generating function is thus

The actual form of a perpetuant of degree ff has been shown by
MacMahon to be

Kg, K0_i, ...K2 being given any zero or positive integer values.

Simultaneoiis Semiiwariants oftwoJBmary Forms,—Taking the

two forms to be

a^\-\‘paix\ ^aj2+ ...

every leading coefficient of a simultaneous covariant vanishes by
the operation of

d d d d d -L
d

ddr. ^dhi Mb2 db.

Observe that we may employ the principle of suffix diminution

to obtain from any seminvariant one appertaining to a ^ - 1*® and
a and that suffix augmentation produces a portion of a

higher seminvariant, the degree in each case remaining unaltered.

Remark, too, that we are in association with non-unitary^ sym-
metric functions of two systems of quantities which will he

S. 1. — 39
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denoted by partitions in brackets ( )«, ( )b respectively. Solving

tbe equation

by the ordina^ry theory of linear partial differential equations, we
obtain p + g + l independent solutions, of winch p appertain to

flai4=0, q to
;
the remaining one is = the

leading coefficient of the Jacobian of the two forms. This con-

stitutes an algebraically complete system, and, in terms of its

members, all seniinvariants can be rationally expressed. A
similar theorem holds in the case of any number of binary forms,

the mixed seminvariants being derived from the Jacobians of the
several pairs of forms. If the seminvariant be of degrees ^ in

the coefficients, the forms of orders p, q respectively, and the
V eight Wf the degree of the covariant in the variables will be
pd + q8' ~2w— e, an easy generalization of the theorem connected
with a single form.

The general term of a seminvariant of degrees 6,
Q* and weight

w will be

p Q p q

w here = 9
,
So-s=

6

and Ssp*+ Zscj,

=

w.11 11
The number of such teims is the number of partitions of v) into

0 + 0' parts, the part magnitudes, in the two portions, being
limited not to exceed p and q lespectively. Denote this
number by (^^? ;

d,p
;
d\ q). The number of linearly independent

seminvariants of the given type w ill then be denoted by

{w\d,p-,e\ q)-{w~i]e,p-,e’,q)]

and will be given by the coefficient of aWz^ in

l-v5

\-a.l- az .1- az^ ... 1 - az^ . 1-b .1- bz . 1-bz^ ... 1 ~ Sc®
*

that is, by the coefficient of in

1 -zP+^. .. l-zP+B, 1 _ aff+i. 1 -sff+2. ... 1 -2«+(9'

l-s.l-sM-s-J. .. 1-20.1-2-^. ...
*

which preserves its expression when 6 and p and 9' and q are
separately or simultaneously interchanged.

Taking the first generating function, and writing azP ,bz^

for a, 5, and z respectively, we obtain the coefficient of

ig of aWz^, in

1 -sr—

2

the unreduced generating function which enumerates the co-
variants of degrees 0, 6' in the coefficients and order e in the
variables. Thus, for two linear forms, _2?= g'=l, we find

1 -

1-az.l- 1 “ &s . 1 -'&2-1’

the positive part of which is

1 ,

\-az,l-hz.l-ab^

establishing the ground forms of degrees-order (1, 0 ; 1) , (0, 1 ; 1)
(1, 1 ;0), viz. :--the linear forms themselves and their Jacobian
Ja6. Similarly, for a linear and a quadratic, = l ,a=2, and the
reduced form is found to be

i ~ ac . 1 - bz^.

where the denominator factors indicate the forms themselves,
their Jacobian, the invariant of the quadratic and their resultant
connected, as shown by the numerator, by a syzygy of deerees
order (2 , 2 ; 2).

^ ^ &

The complete theory of the perpetuants appertaining to tw<
or more forms of infinite order has not yet been established. Foi
two forms the seminvariants of degrees 1,1 are enumerated b^

one "which is reducible is ao&o of weight zero

hence the perpetuants of degrees 1 , 1 are enumerated by

1-s l-s'
and the series is evidently

one for each of the weights 1, 2, 3, ... ad infin.
For the degrees 1, 2, the asyzygetio forms are ennmerated by

— ZmI
actual forms for the first three weights are

ttQhl,

(^o&i - (x>ibQ)hQ
,

(<ZoZ>2 “
f

‘^0(^1 “ 2&o2>2) j

(^^0&3
- -

»3^o)^0 >

" ^^0^3) ~ j

amongst these forms are included all the asyzygetio forms cf
degrees 1, 1, multiplied by and also all the perpetuants ot the
second binary form multiplied by «q ;

hence w^e have to snbtrac-c

from the generating function ^-nd and we obtain the

generating function of perpetuants of degrees 1, 2

1 1 z^

r-TTT-z^
~ ~ '

The first perpetnant is the last seminvariant wiitten, viz. ;

—

^o(^o^2
~ “ ^1(^1 ~ 25o&2)>

or, in partition notation,

^Ko(21).-(1W2),;

and, in this form, it is at once seen to satisfy the partial differ*
ential equation. It is important to notice that the expression

(e)a{e'i% - (0i).(0'p'i)j + - .. .

+

denotes a seminvariant, if 6, 0', be neither of them unity, for,
after operation, the terms destroy one another in pairs

; when
0= 0, (0)« must be taken to denote and so for 0'. In general it
is a seminvariant of degrees 0, and weight 0 + 0' + s; to this
there is an exception, viz., when 0= 0, or when 0'= O, the corre-
sponding partial degrees are 1 and 1. When 0= 0'= O, we have
the general perpetnant of degrees 1, 1. There is a still more
general form of seminvariant

;
we may have instead of 0, 0' any

collections of non-unitary integers not exceeding 0, 0' in magni*
tude respectively. JSx. gr.

( - y(l®2^3^. . . «^®)„(2'^3^. .
. ,

is a seminvariant
;
and since these forms are clearly ennmerated

1

an expression which also enumerates the asyzygetio seminvariants,
we may regard the form, written, as denoting the general form of
asyzygetio seminvariant

;
a very important conclusion. For the

case in hand, from the simplest perpetnant of degrees 1, 2, we
derive the perpetuants of weight w,

+a2(21«'-4)^ - ...±aw~2(2)5,
- ai(22l^-5)j+ ^2(221^-6)^ ^ + a^-^{2^)b

,

ao(23l«'-6)j - + a^{2n^~B)b - . .
. ± a^-G{2^)b ,

a series of -^{w - 2) or of — 1) forms according as -ic; is even or

uneven. Their number for any weight w is the number of ways
of composing w - 3 with the parts 1, 2, and thus the generating
function is verified. We cannot, by this method, easily discuss
the perpetuants of degrees 2, 2, because a syzygy presents itself
as early as weight 2. It is better now to proceed by the method
of Stroh,

We have the symbolic expression of a seminvariant,

—(a-itti+ <72(12 +...+ + r2p2+ . . . +
where

and
s\ * Jr

o'i + o’2+ ... +<r^+ Ti+ r2+ ... + rg=0

.

Proceeding as we did in the case of the single binary form we
find that for a given total degree 0+0', the condition which
eg>resses redneibility is of total degree 2®+^'“l-l in the co-
efficients cr and T

;
combining this with the knowledge of the

generating function of asyzygetio forms of degrees 0, 0', we find
that the perpetuants of these degrees are enumerated by

..,l-z^,l--z^.l-z^. ...1 -S0'’

and this is true for 0 + 0'=2 as well as for other values of 0 + 0
(compare the case of the single binary form).
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Observe that, if there be more than two binary forms, the

weight of the simplest perpetuant of degrees d\
20+0'+^"+.. -1 « as can be seen by reasoning of a similar kind.

To obtain information concerning the actual forms of the per-

petuants, write

(1 + «ri£c)(l + <r^) .
.
(1 + o-qx) = 1 + AiCC+ 4- . . . + AqX$

(1 + Tia5)(l 4- Tgcp) ... (1 4- r^fX) = 1 + BiO? + 'B^x^ 4- ... 4- Bq>x^'

wheie Ai + Bi = 0.

For the case ^= 1 ,
^'=1

,
the condition is

^1^1= A= 0,

^hich^ since Ai+Bi= 0, is really a condition of weight unity.

For w=l the form is Ajai+ B^pij which ive may write q!o&i”%^o=

ao(l)6- (l)a6o J
remaining perpetnants, enumerated by—

have been set forth above.

For the case 6= 1, d'= 2, the condition is cririT3=AiB2=0 ;

and the simplest perpetuant, derived directly from the product
AjBa, is (l)a(2)a- (21)6 ;

the remainder of those enumerated by

^ _
-

^2 ^3-7 represented by the form

- (l^i)a(2''2+ll)j4 ... + (2«+ll^i+l)j
;

Xj and Atg ®3.ch assuming all integer (including zero) values. For
the case**^=^'=2, the condition is

+ 7'2)= “ A^BiBg - A^AgBI = 0

.

To represent the simplest perpetuant, of weight 7, we may take

as base either A^BiBg or AiAoBJ, and since Ai + Bi=0 the former

is equivalent to AiAlBg and the latter to AgBiB^ ;
so that

w'e have, apparently, a choice of four products. A^BiBg gives

(2‘-2)a(21)6 - (2^1)a(2)6, and AiA^Bg, (22l)«(2)6 - (22)^(21)6 ; these two
merely differ in sign; and similarly AgB^Bl yields (2)a(2^1)6-

(21)a(22)6, and that due to AjAgBI merely differs from it in sign.

We will choose from the forms" in such manner that the product

of letters A is either a power of Aj, or does not contain A^
;
this

rule leaves u& with A^BiBg and AgBiB^ ;
of these forms we will

choose that one which in letters B is earliest in ascending dic-

tionary order
;
this is AIB^Bg, and our earliest perpetuant is

(23},(21)6-(2n).(2)6,

and thence the general form enumerated by the generating

function lb

(2^24-2)^(2M24-1imi4-1)j - (2^2+2l)^(2/^+ll/"i)i4- ...

±(2^2-i-2iAAi+ly2^2+1)^.

i’or the case ^ = 1, 6'=Z the condition is

+ Tg)=AiBi -hAJBgBg^ 0

.

By the rules adopted we take AjBgBg, which gives

(ia)„(32)6-(l)«(321)6+ ao(32l2)6,

the simplest perpetuant of weight 7 ;
and thence the general

form enumerated by the generating function

l-s.l-z^.l-c^’

viz. - ... ±«o(s'‘“+^2'^+4^i+^)6,

For the case 6=2, 6' =Z, the condition is

+ <r2)(cri + rj){(Tj + T3)(o'i 4- r3)(cr2 4- Ti)((r2 4- T2)((r2 4- r^)

X ('T'l + -f- 73) = 0 .

The calculation results in

-AtBgBaB? +2AiB3BlB? - AIBsBlB? 4-AtB§Bi-2AiB|B2Bi
-AiBiB2Bf4-AlB§BlBi4-A2B§BiBj4-AiBiB!-2A2BiB2B|
4- A2B3Bj^=:0 .

By the rules we select the product AfBsBgBf ,
giving the simplest

perpetuant of weight 15, viz. :

—

(2%{B21^h - (2n)«(321)6+ ;

and thence the general form

due to the generating function

Selecting the product AtB4B3B§, we find the simplest per-

petuant

(l*)«(432=)j - (l>U43221)j+ (I2)„(432n=)j - (l)„(4S2n5)i

+ ao(432n^)j,

and thence the general form

due to the generating function

1 - 5 .
l---^.!-

The series may be continued, but the calculations soon become
veiy laborious.

Three Binary Forms .—Taking the partial degrees of a sem-

invariant of three binary forms to be B, 6[, 6% an easy generaliza-

tion of the foregoing leads to the generating function

1

of the asyzygetic forms. If we place as numerator to this

fraction vie obtain the generator of the perpetu-

ants. To obtain representative forms of perpetuants we lequire

a general solution of the partial ditierential equation

(“4 )=o.

For the case ^=1, =4, the condition is

<riTir2T3T4(cri 4- T^)i<ri 4- To) (cr^ 4- r3)((ri 4- T4)ir{T, 4-n)= 0 ;

the calculation gives

AiB4(A ?B2 4- AiBg 4- B4)( - Bi - A1B2B3 - AJB4)= 0

.

or say 4- ila + — 0*

The general form of solution of we have seen to be

(2
^3^“.

.

the expression consisting of s -j- 1 terms and the coefficients being

alternately 4- 1 and - 1. Denote this by

Kow construct the expression

( 1
*
2^3

'^"
. . . e'^®')t,(i*2'^3''“. . .

/*")<,

continued to 5 4-1 terms and denote it by

and verify that, if it be operated upon by fl6 + ^^c3
the effect is to

change t into ^ — 1, The consequence of this is that if we form

the expression

+ (l22''®3''^...e''«)<,
I

(l‘- V^8^»...«'^®')j(lV=3'‘>.../®"X
I

continued to ^ 4- 1 terms, we obtain a solution of

4* ~h Oe= 0 .

To find the enumerating generating function of these forms sup-

pose 6, 6', and 6" to he in ascending order of magnitude, and

denote the form by

I
(2''®3'^...e''®)a(l^^2'^3^...5'^®')t,(l'"*2'^8'^...e"^®")e

1

-

In constructing this we have a choice of tw^o places in which to

place the part 1, three places in which to place the part 2, and so

on
;
hence the generating function is

1

precisely that of the asyzygetic forms. Hence the constructed

expression may be taken to be the general expression of an asyzy-

getic form. This idea is easily generalizable to the case of any
number of binary forms. Strongs form of seminvariant being

“j (^i®i+

+

- • • + ^0^6 "b '^iPi+ 4*
- . .

4- 'TQfpe' 4- uiTi

4- 1^272+ , , . +

the first case to consider is ^= 1, 6'=1, 6"=1, leading to the con-
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dition ‘J’lT =A^B^CJi= 0 ,

v,here +• Bj + Ci— 0

.

choice of six products for our base, viz.

,

B=C,, A^O,, AjBj, A,B^

and these yield respectively

I
(iVo (i)o

I . I (1)A (i®)'
I ’

1
*0 I > i I 1

\Ve have a

Taking the product AJB^ and the corresponding form

1
(l‘')a(l)t<^0

1

vre find

I
(l)^(l)l

I
Co- I I Cl+ I “«(!)» I

= {C02^i
~ 30t3&o)Oo (<^1^1 “ 2g^&o)Ci + (o^o^l ^l®o)^2 >

the simplest perpetuant of the kind ;
the general form, given by

the generator j
being

Similarly for 4 binary forms the simplest perpetuant, of degrees

1, 1, 1, 1, is (corresponding to product AJB^C^)

and has the expression

-f- "1* 262^0^4 — &2^^3 “I"

+ *“ ^0^4 "h 263^01^3 — 4&2^'0^3 "t

+ 3&oCjt?g ”f“ 3&3^C0i^3 ^b-yC'^di^ H- 6&2^0^2

+ d6]^C()^^^2 “t” “ 8^2^o^i
*1*

+ CL^ *— 10JqC]l^]^ “b \0i-^CQd>i
~~ + 10&2^o^o)

+ 4- 15&qCiC?()
—

V. Eesteicted Substitutions.

We may regard the factors of a binary equated to zero as

denoting n straight lines through the origin, the co-ordinates

being Cartesian and the axes inclined at any angle. Taking the

variables to be a?, y and affecting the linear transformation

aj=\iX4-A4Y,

2/
= X2X+ /42Y,

so that
Y y

y Y
x~. ^ Y’ X“ Y

it is seen that the two lines, on which lie {x, y), (X, Y), have a
definite projective correspondence. The linear transformation
replaces points on lines through the origin by corresponding
points on protectively corresponding lines through the origin

;
it

therefore replaces a pencil of lines by another pencil, which
corresponds project!vely, and harmonic and other properties of
pencils which are unaltered by linear transformation we may
expect to find indicated in the invariant system. Or, instead of
looking upon a linear substitution as replacing a pencil of lines

hy a protectively corresponding pencil retaining the same axes
01 co-ordinates, we may look upon the substitution as changing
the axes of co-ordinates retaining the same pencil. Then a binary

equated to zero, represents n straight lines through the origin,
and the a?, y, of any line through the origin are given constant
multiples of the sines of the angles which that line makes with
two fixed lines, the axes of co-ordinates. As new axes of co-

ordinates we may take any other pair of lines through the
ori^n, and for the X, Y corresponding to x, y any new constant
multiples of the sines of the angles which the line makes with
the new axes. The substitution for x, y in terms of X, Y is the
most general linear substitution in virtue of the four degrees of
arbitrariness introduced, viz., two by the choice of axes, two by
the choice of multiples. If now the denote a given pencil of
lines, an invariant is the criterion of the pencil possessing some
particular property which is independent alike of the axes and of
the^ multiples, and a covariant expresses that the pencil of lines
which it denotes is a fixed pencil whatever he the axes or the
multiples.

Besides the invariants and covariants, hitherto studied, there
are others which appertain to particular cases of the general
linear substitution. Thus, what nave been called, seminvariants
are not aU of them invariants for the general substitution, but
are invariants for the particular substitution

Again, in plane geometry, the most general equations of substitu-
tion which change from old axes inclined at w to new axes in-
clined at w'=j8- et, and inclined at angles a, to the old axis of
03^ without change of origin, are

x~
sin (faj

-
^

sin <jj

siny— X
sin (a

sin

sin oj ’

+?^Y,
Sin w

a transformation of modulus
sin 03'

sin w
*

The theory of invariants originated in the discussion, by^ Boole,

of this system so important in geometry. Of the quadratic

ax^ + 2bxy-^cy%

he discovered the two invariants

ao-b^, a - 26 cos 0) + c,

and it may be verified that, if the transformed of the quadratic

be
AX2-f2BXY4 CY2,

AC-B2=('®-^y(ac-6‘^),
\sm<o J

^ ^

'

A-2Bcosw' 4-C=(
)
(a- 26 cos w 4- c).

\ sin w y
'

The fundamental fact that he discovered was the invariance of

0^ -b 2 cos 0) a;2/ 4“ y^, viz.

—

aj® 4- 2 cos w a?2/ + 2/^= X® 4- 2 cos w'XY 4- Y®,

from which it appears that the Boolian invariants of ax^ 4* 2hxy 4- y^

are nothing more than the full invariants of the simultaneous

quadratics
4- 2'bxy 4- y^f a?-+ 2 cos caxy-h y\

the word invariant including here covariant. In general the

Boolian system, of the general is coincident with the sim-

ultaneous system of the w*® and the quadratic ix^ + 2coso)xy + y\
Orthogonal System.—In particular, if we consider the trans-

formation from one pair of rectangular axes to another pair of

rectangular axes we obtain an orthogonal system which we will

now briefly inquire into. We have cos w'= cos c»)=0 and the sub-

stitution

Xi= cos 6X1 - sin 6X2
,

X.2= sin gXi 4- cos 0X3

,

with modulus unity. This is called the direct orthogonal sub-

stitution, because the sense of rotation from the axis of Xj to the

axis of X2 is the same as that from that of Xi to that of 353. If

the senses of rotation be opposite we have the skew orthogonal
substitution

Xi= cos 6X1 4- sin 0X2

,

X2= sin 6X1 - cos &X2
,

d d
of modulus - 1. In both cases -r— and -r— are cogredient with

dx^ dx2 °
a?! and ;

for, in the case of direct substitution,

d n ^ ’ a ^

d . n . i-7—= sin ^-77^4-008^

and for skew substitution

d

d
dx\

A
dx^

Hence, in both cases, contragrediency and cogrediency are identical,

and contravariants are included in covariants.

Consider the binary^*®, (aiCCi4-(a3aa!2)”=o^2, and the direct sub-

stitution

a3i=XXi"-jaX2,
352= + XX2

,

where ytt replacing cos 6, sin 6 respectively. In the
notation

aa;=^aiXi+a^,
observe that

Suppose that

is transformed into

a6=ai6i4-a2&2-

ax^bx^Cx^ ...

-^x=®x=Cx==.-

tken of course (AB)= {ah') the fundamental fact which appertains
to the theory of the general linear substitution

; now here we
have additional and equally fundamental facts

; for since

Ai=:Xai4-AtflS2, A2— - At^i4-X(152,

A^=A?4-Ai= (\=^4-Ac2)((iJ-bc.l)=:a,;

A3 AiBa 4- A2B2= (X® 4- /*®) {a-iJbi+ CC2&2)=

;

(XA) = X1A2 — X2A1= (X£»i 4- + ^^*2)

- ( - yaoi 4- Xojij) (X^i 4- AOs)= (X® 4- - x^{)= {xa)

;
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showing that, in the present theory, a*, and {xa) possess the
invariant property.

_

Since ajf

+

332 =3!* we have six types of
symbolic factors which may be used to form invariants and co-
variants, viz.

—

{ah), aa,aj„ {m), a*, cc*.

The general form of covariant is therefore

X (xa)\xb)\xc)\..a\b\c^...:s^.

If this be of order e and appertain to an

'2jJc + SZ+ 2)51= €

,

^1+^2+ “• + 2ii+ji+j2+ ...+Jci+ li=n,
>^1+^3+ ... + 2li2+il'rj'3+ ... +ZJ2+22=^^»

... +223+^‘2+^3+ ...+k3+ls=n ;

viz.
,
the symbols a,h,c,... must each occur n times. Itmay denote

a simultaneous orthogonal invariant offorms oforders ni,7h^,n:^,...-,

the symbols must then present themselves %, ^2 ,
^3 . .. times re-

spectively. The number of dillerent symbols a, h, c,,.. denotes
the degree 6 of the covariant in the coefficients. The coefficients

of the covariants are homogeneous, but not in general isobanc
functions, of the coefficients of the original form or forms. Of
the above general form of covariant there are important trans-
formations due to the symbolic identities :

—

{aiy= a^bh - -4

;

as a consequence any even pow or of a determinant factor may be
expressed in terms of the other symbolic factors, and any uneven
power may be expressed as the product of its first power and a
function of the other symbolic factors. Hence in the above
general form of covariant we may suppose the exponents

hi, h^, hz,...ki, ki,...

if the determinant factors to be, each of them, either zero or
unity. Or, if we please, we may leave the determinant factors

untouched and consider the exponents ii, ^2 , is?.-

^

1 , h, Z3 ,...to

be, each of them, either zero or unity. Or, lastly, we may leave

the exponents h, k, j, I untouched and consider the product

to be reduced either to the form g^g where ^ is a symbol of the

series a, h, c,... or to a power of To assist us in handling the

symbolic products we have not only the identity

{ah)Cx+ {hc)ax+ {ca)hx= 0

,

but also

{ah)Xx+ (hx)aa.+ (xa)hx= 0

,

(ah)ac+ (he)aa + (ca)ai,=

0

,

and many others which may be derived from these in the manner
which will be familiar to students of the works of Aronhold,
Clebsch, and Gordan. Previous to continuing the general dis-

cussion it is useful to have before us the orthogonal invariants
and covariants of the binary linear and quadratic forms.

For the linear forms aQXi+aiX2=ax=hx there are four funda-
mental forms, _

(i.) ax=:a(fiSi+aiX2 of degree-order (1,1),

(ii.)
_ „ (0,2),

(iii.) (a»)=ai^-ao!B2 „ (1,1),

(iv.) as=a5+a» „ (2,0),

(iii.) and (iy.) being the linear covariant and tbe qnadrinvaiiant
respectively. Every other concomitant is a rational integral

function of these four forms. The linear covariant, obviously the
Jacobian of a* and a:*, is the line perpendicular to a*, and the
vanishing of the quadrinvariant a* is the condition that a* passes
through one of tixe circular points at infinity. In general any
pencil oflines, connected with the line a* by descriptive or metrical
properties, has for its equation a rational integral function of the
four forms equated to zero.

For the quadratic aQxl + 201X1X2+ a^i, we have

(i.) a^=:a^x^+2a^x^x^+a^x^,

(ii.) Xx=xi + xlj

(iii.) (ab)^^2(^a2-a})

,

(iv.) a^=ao+a2 ,

(v. ) (xa)ax= aixi + (ag -

This is the fundamental system ; we may, if we choose, replace

(a&)* by a§=a^+2a^+ a^ since the identity shows
the syzygetio relation

(Oq + ctg)^ — (Oq + 2a^ +o!> 2)= 2(o!'Qa2 —
^^’i).

There is no linear covariant, since it is impossible to form a
symbolic product which will contain x once and at the same time
appertain to a quadratic, (v.) is the Jacobian

;
geometrically it

denotes the bisectors of the angles between the lines a^, or, as we

may say, the common harmonic conjugates of the lines and the

lines 33*. The linear invariant Oa is such that, when equated to

z^o, it determines the lines as harmonically conjugate to the

lines 33* ; or, in other words, it is the condition that may denote

lines at right angles.

To resume the general discussion we recall the relations

Ai=Xai+/ia2, Ao= “/Atti + Xag,

and put X=Xi=^ ;
=/u=X2=

;

so that ±2= 0^= (a/i)

,

A2=a^=(\a),

giving
-
7- . TT'-k I Tc n-lc Jc--- A 71- Ju 1 la 7b

Afc=+ a,7A

Al=(a^X^+a^XX

= {«;,3:^ + (Xa)xJ*= {(a^<)Xj+ (Xa)xJ’‘

;

four forms of expression.

The polar process is available here to an enhanced degree. For
put

/=„™,^= {»«)*,

we not only have
m-t Ic

J
but also

and just as the substitution of Xi+tyi, X2+ty2 for 331,353 converts
into Ox+tOy, the same substitution converts (33a) into {xa) + t{ya},

and the symbolic power
{{xa) + t{ya))^

may be regarded as the generator of polars of {xa)^, Note also

the results

where
d d _( d\ ( d \

'^'^dx2 '^Hxi Ydx) ~'\dx^)’

indicating processes analogous to the polar process by which

is converted into d^~^{ya'^,

{xa)^ is converted into {xa)^''^ay.

Combining the processes we find that we are in possession of a
process, equivalent to a compound partial differential operation,

by which can be converted into and one

also by which (
33a)” can be converted into {xa)'^~‘^^~^^{ya)^^ay^,

We already know that the polar satisfies the partial

differential equation of the second order

d^u dho _ ^

dx^dy2 dxjdvi"
*

and the performance of the operation

has been

since

1/ 0^

{m-k)k\dxidy2 'bx^Vi)

termed the 0 process. As regards the new forms

{ya) ,Ui={3M) ay.

003102^1

dx2dy2

=(n-:k)k(pcaf'~'^~\l~\ci3,
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we find that they hoth satisfy the partial differential equation of

the second ordei

dxfiVi
*

and the operation indicated occupies the same position in regard

to the new forms that the process does in regard to polars.

Goidan finds it convenient sometimes to denote the O operation

by
j I

= {xy) symbolically. In the same symbolism the new

process 0 is denoted by Xiy-^ + Xjy^—^y

Let

the operand being any form

Then Oa'^(yhf'=(ab)a^ ^5

and thence 0^"a^{yhf'={ai)^a^

also 0{ax)^ly={ah){axf^ ,

and thence o\cixf'‘h^={ai)\ax)”^ ^by

which should be compared with the result

U a^hy = {ab) aj. by

Moreover, it is easy to see that {xay^iycbY' satisfies the 0 equation,

and that
Cl^{xa)”^(yh)”'= {ab)^(xa)’^~^(yb)^~K

We may catalogue results as follows :

—

r^k m.,n f y>,k m-k-in-h
Q c&asby ={ah) aj. by

,

/vTj TlbiTL k VI ““kifit ~k
^ ^h^x j

fJc m,T k m-fc/, >,n-k
0 csj; (by) =ayi,x {by) ,

o\t{yir ={ab)\T\yif~\

Ci\xarb; =4{<m)”^-%r\

0\a4"by

d‘{xaf‘{yb)^={ab)\xa,)^~%b)”'-\

0\xaf'{yb)^ =4{xaf‘-\ybi^-\

The important point is that we always obtain symbolic products
when we operate with or 0 on symbolic products. It is clear

that we may write

^{abfcka^-'^-X-^-K

QVa™(2/6r ={-f4{abfaT^~\yb)''~^~\

Q^0\xa)'X =( - f4iab)\xa)”^-^-h;-^-\

foreshadowing an extension of the process of transvection which
will he reached later.

The co-polar processes, by which is converted t© a^^\ya)^,

and (ajos)^ to {xaY^~^ay, are representable by writing x -ty
,

becomes

and (m)** becomes
[ax+^(2/a)}«,

{{xa) + tay}\

The combined polar and co-polar process on can be obtained

by writing Q^’hiyt) ,X2+yt foTXi,X2, and expanding in powers of

^1 5 ^2 ; for then a® becomes a*

+

hiyO') + the power of which
generates the functions ; similarly if the function be {xa)^ we can
substitute Xi+ty^x^+ity) for Xi,X2, converting {xa) into (m) +
ti{ya) -h and the power generates the polar functions.
To find the polar and co-polar functions of the product

This, obviously, arises fromp^"*"™ when we write Xi-k-{yt)y cca+r.

for x^ and x^ in and take the co-factor of

Since

Cp*+ h{y:p) + 252i?y)^+"= (^

+

hkya) + + h^yh)+ tzby)^,

of in the product

(aaf+ tiiya) + t2fiy)^{hx+ ti{yh) -f

JEIr. gr. To find all the polars and co-polars of

(«aj+ + ^2^yy= “I+ Ba^Cya)t^ + -1- ^aj,yaft\

+ Qc6x{ya)ayt^t^+ + 3{ya)\t\t^ + 3 {ya)a^yt/^+ a®
.

{p^+ t^{y^) + =l% + 2b^{yb)t^ + 25^5/2

^iyh)Hl+2(yb)byt^t^+bltl.

Multiplying and applying the formulas

FJ’“=46|.

F
J’

^

+ go|3|a2/ >

°=

+

^lh(.y‘^)iyi) + ^aj>l{ya)^

,

13 3 3

K'
^

.

"
=^»{2/®)(2/2'f

+

iaj>xiy°'?iyi) + >

S’?/’

+

\<*y<'ifiy{yi) + '^!fiifly^y{y<i) + |»!i;M|(2/5)

+^yiy{y<^),

Fj’ '‘=\*xiyO'f{y'bf+ ^bxiyafiyb)

,

^

=

^!fiy{y«')'^{yb) +^xFiy{ya){vif+ ^hj>y{vaf

g
+j^i3f^y(.yo)\y'b),

=^aj)\{yaf+ ^a^^^ya.){yb)-^^a^\{yb)^+ '^b^ybyiyaf

3 3 3 1

E^’ *=

+

-^b^yiy

,

'Sl"‘={yaf{yif,

+ ^V>if.y<^)iyV)‘r^V-yvf >

^y*=~4fiy{y°) >

Of any order, ^i + ^2 =^"j there are Zj-f-1 polars corresponding to

the binary compositions of k. It will be remarked that the sum
of the coefficients of the terms of the polar is always unity. A
.term, without its numerical coefficient, is termed a member of

the polar. If we take a member of the polar and put in

it 5= a, we obtain c^^iyco)^^; and this is exactly what we obtain

on putting b—a in F^*^; hence, making this substitution, we
find that the sum of the coefficient of the members is unity.

What we may call the leading member of F^’^, where F=a^^&^
involves factors of the kind {yd) or {yb) ; say {yd)hi{yh)h2

where ^11+

^

12=^1 j
k^ factors of the kind dy or by say

where /;2i+^22=^2 - So the member may be written

arrange the

members (i.) in descending order as regards the exponent of
;
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(ii
)
in descending order as regards the exponents of and (ya)

;

(ill.) in ascending order in regaid to the exponents ot ay, {yh\ and
hx. We have then the notion of adjacent members, and we can
show that the difference between any two adjacent members is

either divisible by {ab){xy) ,
{ab)xy or (ah)yy, and the theory of the

polar members may be proceeded with in the usual manner.
The process of transvection can be extended in the same way

as the polar process. Of two forms

we define the transvectant of orders Tc, I to he

and similarly

\aj,
, {xb) I

’ = ( - ) ai[ab) (xb)

{(mr, hiY’^ =( -

{
(m)”, (aS)*}*'-L (a6)yj(Kar-^- ^

;

and if the forms be
, 0^ j

/All .n\lc,l ,, ..'kj jn-Tp-l .n-Tc-l
^

K4>x>i'x) 4>^<Px i'x J

and similarly

and the intermediate processes also in the same way. Taking as

before/=:f3}^”', 0= 6^*', we find that the process of transvection of

order ^+ Z is equivalent to the peiformance of the differential

operation

omitting a mere numerical factor. The multiplication of opera-

tions is, of course, symbolic, so that

/ 3/ y/g/y _
{dxj \dx^J

the same degree - order. To see how tins is take the linear

operator

5 d _/ d\
^dx^~'^d^~Vcx)’

and further the operator of order k

f d d\^ f
‘ ^CX

obtained by symbolic expansion.
Then

'dxj ’

so that

and

f d\ n xfc n-7c

, .Ic , .n-k k

.

=( ~ ) ’

~Yd!c) =“*’

fe?(4)’'G dx)

dx^xi^

We will now give some examples of transveotants.

M, gr. if/=a|,0=&|,

(/, 0)1*0= {ab)aj)^= {a^hj - ai&o)a;! + {(^oh “ a2^o)^i^2__
__

ifi 0)®’ a6Cta;5x= (ao&o+ aA)£cJ + (ao^i

+

a^ibo+ a]&2j'_^2&i)fh^

"b (^1^1 ®2^2)®2 >

if s
0)^ * ~ iah)^= ^0^2 "" + af)Q ,

if 1
0)^ * ^~ {ab)ai~ a^jbi — ai6o + ~

»

if j
0)^ ’ ^~ <^§— ^0^0 1" 2^161 + C&2^2

>

ffve orthogonal concomitants of two simultaneous quadratics

obtained by simple transvection. If a, b be alternative symbols

(/,/')! ’° and if vanish identically, and we are left with the

quadratic covariant

ifyfT^
-W + a?)£i3j + 2{a^-Hi^2)^X2+ (al + al)xl ,

and the two invariants

(/,/)“’“=2(V2- a!) , +2«l +®i

.

We may proceed by transvection from the forms {xa)ax and
i^xa)\ Observe that

{xa)ax^aixl - (^q - a^x^x^ - a-^xl ,

{xaf= a^l - 2a^x^X2+

;

thus

“ (flq&O + ““ (^0^0 “ ^2^2)^1^2 “ (^0^1 "b ^1^2)^2 J

= — } {a-Jbi — a^^x\ + ( — <*0^1+

^

1^0+ ^1
^2

"" <^2^1)^^ "b

(^^1 *” ^0^2)®! >

( i^yf }^
’ ^= {ab){xa){xb)

= (0163 - ag&i)!®! “ (%^2 ” fl^2^o)^^i^i^2+ (^0^1 " ;

where observe that this form is obtained from [ab)axbx by writing

-x^yXi in place of x^^x^^ a process which is always invariant.

Troin one covariant we can in this way always derive another of

Hence the operation of waiting -x^, x^ in place of x^, x^ in any

form a!^ or (xaf' is, disregarding a numerical factor, equal to the

performance of an operation of order n. Hence, when

this operation is peiformed upon any symbolic product

(xay{xby- . 01^6^ .

of order n in x, it effectively produces

The operations

(4),(4J" (4)”

when performed upon or produce the + 1 covariants,

of order 7t,

c5^,(£j5a)aJ'’\(a!a)^a^"V* i^af \

which we may conceive to be generated by the expansion of

{Q^x+X(a;a)}*‘ ;
that is to say, by giving, in ax>^l>^2 incre-

ments + Xa2 ,
“Xa^, res|)ectively. We have a 1elation connecting

any two quasi-adjacent covariants of the series, for since

al+ ixaf -a^x^,

(xaf “ + ixa^a^ “ ^

=

a^ixaf
“ "

^Xĵ

;

which shows that the sum of every two quasi-adjacent covariants

contains the factor aaXx~ The identity obtains whether rt> be

the order of the original form or no. From it may be derived

others of the kind

ixaT^^a^ " P+2 2(^xa)^a2 " ^ t ^ ^

2r \p-2 %~p-2 2= aaixar ^ x^.

These relations indicate that these covariants do not constitute

a fundamentally irreducible set of covariants
;
for the covariant

aa(xay^^ax~^^xy is the product of aaixa)^^^a^''^, x^, each of

which is a covariant; and similarly a^(a3£s)^"^a^’*^ ^ is the

product and x^, each of which is acovariant.

Between the n + l covariants we can establish 7a - 1 independent

relations giving 71 ~ 1 reductions ; the system is therefore reduced

to two forms which we may take to be and ixa)a^ So also,

in regard to any covariant 0^, we need only consider the further

form (a;0)0|'”\

A process, somewhat similar to transvection, may like

be performed upon a single fc^m
;
this is

_03

dxl^dxj~dxl^

in analogy with the notation xl + xl —x^*
We have

n /n\ 71-2

2»V3i»i
® ’

a covariant of degree-order 1 , ti - 2

.
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WMle, in general,

/a®
“(w-2

To these results it is useful to add

algebraic forms
% 71- 2k

y

-2Tc

«rV)-
fc n-2k-(n-\y
..

(«-2/4:-l)!“““»
^(aw).

Hx. gr. Irom the quadratic a| we derive

Qa^Cbl +a|=ao + ^2>

from the cubic a% the linear covariant

Cba^x“ (^0 ^2)^ 1' <^3)^2 >

and from the cubic covariant of the cubic

Ct^(£Bfl’)= {(Xr^ + (Xi^Xi — (cJq "t

a linear covariant otherwise obtainable by operating upon 05®%

with
d d

Similarly, from the quartic ai, we obtain the quadratic covariant

aaa%= (o5o + + 2(ai+ af^)xiX2+ (%+ co^)osl ,

and the invariant

4= ^0 + 2052+ %.

It has been shown, by Sylvester, that all orthogonal covariants

satisfy the partial differential equation

0 0 9

which, in the notation employed in a previous page, is

Qa-O.+ (fl!|)=0.

If then a covariant, of order e to an be

«-fc k
®3>

the operation produces

e-lc+l 1-1 ,x W
‘kjXi 352- 0JCfc+

'

Tc

the vanishing of which necessitates the relations which, writing

0»-Qa=V, take the form
Cj - VCo . =0,

2Cg-VCi - 6C„ =0,
3C3-TC2 -(e-l)Ci =0,

eO,-VC._i- 2C,_2=0;

and thence

Oi=YC„,
2Ca={(Y2+l)+{e-l)}Co,
3!C*= |V(V>+ 4) +3(e - 2)V Co,
4!C4={(Va+lXY2+9)+ 6(e-8)(Y2-«-l)+8(e-l)(e-3)}Co.

5 !C5= {Y(Y»+4)(Y“+ 16)+ 10(« - 4)Y(Y«+ 4)

+ 18{e-2)(e-4)}Co;

indicating the manner of obtaining the successive covariant co-

efficients when once the leading coefficient Cg is known.

.Ek. gr. Taking as leading coefficient o|, the order of the co-

variant is 2n-4, and the three first terms

(ag+2^+5>f-^
+ 2^71 — 2)(o5o05^+ 205;j^(X2+ ^JC2

+ (w — 2) — 2)^^

+

2ĉ + + (ti — 3)(<X()a2+ 2^6 <*3+ 05.3^4)}

It may be gathered, from the above relations, that, for covariants

of orders 0, 1, 2, 3, 4, the leading coefficients Cq satisfy the
equations

yoo=o,
(YHl)Oo-O,

V^(T»+ 4)Co-0,

of covariant w^e have a special differential equation. We can

infer from the annihilating operator V(Y‘^ + 4) for covariants of

the second order that the function (y2+ 4)Co is an invariant of

the same binary form,

JSx. gr. Tor the binary quadratic a®, csq is the leading co-

efficient of the form itself, a covariant of the second order, and as

a consequence the operation

/o 9
.

9 9^0 \2
.

when perfoimed upon ctq must produce an invariant ;
it, in fact,

produces the invariant

2(®o + “2)-

The annihilator, in respect of a covariant of order 2s, is

y(V2 + 23)(V2 + 42) . .
.

(y

2

+ 4s2) ;

and if the order be 2s +

1

(y2-M2)(y2x32)...(V3 + 4s2 + 45+l);

so that, in general, the operation Y^ + e^ upon a leading co-

efficient of a covariant of order e produces a leader of a covariant

of order e-2 appertaining to the same binary form, and this must
necessarily be of the same degree in the coefficients.

Me. gr. From the Hessian of the cubic

thus obtain the invariant

^0^2 “ ^1 “l®3
” =

It will be noticed that a source of a linear covariant is annihilated

by y2 + l.

TheBooUan Syst&m.—The form is associated

with the quadratic a3^ + 2cos ^^;^35^£^52+£»2• % is transformed to

= (A^£b^ + AgCCg)’^, by the substitutions

siaCo^ siu^^Xa,
1 eiY> /.> J- sinw ^

852 =

sin w
sin a.

:Xi+
sin

sin
*

of modulus —
;
where «'=j8- a.

sinw
The problem is to find functions of the original coefficients,

variables, and w, which by the transformation become the like

functions of the new coefficients and variables and w', save as to

a power of the modulus. % and {ah) clearly possess the invariant

property.

Put %~G52C0S w= 5i- &2COSW= ... =ai=:j8i=...,

% -% cos W= 02 “ 2>1 cosW= .. . =a2=^2—‘“
83i-t-a52C0S W= li,

852+ 851 cos a;= |2;

where a^, uq; ^1, jSg,... are new umbrse and ^1, ^2 auxiliary

variables.

Let the transformation convert
,
ag into Ai, A,, where

Ai=Ai-A2COSw',
A2=A2 ~ Ai cos w',

and Ij, I2 iiito S2, where

Si=Xi+ Xg cos w' =: cos a asj + cos (to - a)x2 ,

^2= X2+ Xi cos to'. = cos /3 a5i+ cos (to - j3)a52.

Observe that
= a5i?i+ 852^2= 1 + 2 cos t4;a5ia!2+ ccI

.

How
^ sin^S
A.1— ''

Y("

(W+l)l "+9)0o=^0,
y(W+4XW+16)Oo=0,

^respectively. It is thus important to notice that for each order

sin(to-/3)
^

sinw' sinw'

sina„ ,sin(w-a)_

. sin (w - a) sin a
^ ^ ^051+ -;^

^ sinw ^ sinw *

A
sinS

sinw ^ sinw

{oo8(w-^)ai-oos^aa},

- sinw', , .
,

,

whence it can be shown that

(XA)=X1A2 -* X2Ai=Xi(A2
“ Ai cos w') — X2(Ai — A2 cos w')

sin w', .

=-: (ajtt)

;

sm w ^

jfiom which we learn that (asa) possesses the invariant property.
Further, it may be verified that

/sinVy
,

. /sinw'\2

\sinw y ^"'xsinwj^^’
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SO that <7.^9 possess, each of them, the invariant property.

There are thus six invariant symbolic factors, viz., (ah),

(cca), oxj aj| ;
and from these types we are able to form invariant

symbolic products. We must note the results

—

{^a)= {xa) ; a|= sin^
;

(ajS) = sin^ o){aI))

(x^)= cos - ajp
;
(aa)= cos w(aj - cup.

Since sin^ w is the discriminant of x^ we may regard and (ajS)

as reducible, and we take as the general form of invariant

—

which should be contrasted with the corresponding expression for

orthogonal invariants.

If this be of order e and appertain to an

2^+ SZ+2m=e,
the pair of sjnnbols a, a must together appear n times

;
so also

for bf ^ j Cf y f

We have the symbolic identities

w(a6)2

;

a^x^ - {xa)^=ayp.^= sin^oj ;

{ah)c^+(hc)a^+{ca)h^=Q
;

and many others, derivable from these, which are of assistance

in the reduction of symbolic products. We may give here some
simple examples of Boolian invariants.

£Ix. gr. For the linear form a* =&«=..., we have

(i.) aa!=aoa3i+ aia32,

(ii.) £C|=a35 + 2cos wasia52+cc2 ,

(iii.) sin^w,

(iv.
)

(xa)= -
(7o cos w)a5i - (a^ ~ cos w)cc2 ,

(v.) - 2aoai 0os w+af .

For two linear forms (v.
)
yields the simultaneous invariant

“i” ” cos -J" CI/jPq) •

For the quadratic form , we have the system

(i.) al,

(ii.) a;|,

(iii.) sin^w,

(iv.) i(a&)2=aoa2 -a|,

(V. ) (xa)ax= (oj - ffio cos w)£cf + (og - aQ)xiX2+ (a^ cos w - ai)aj|

,

which is the Jacobian of and x^

;

(m-

(m-

^)*A/ ^ _L /
^ ‘TYl-l- h

''--.ay

-/j)!/ 0
,

0 sic

(m- ^)i/ 0

(m

(

0
,

d m m-k h

-h)\( , n f 0 0 7n m-kf \k—(sin- (ya)
,

(m - !

7)1 I

(in-Jc)\/lc)\/ 0 ^ \^f \‘yn r 7c

(??i - fc) I

w

!

(a»r-*4

;

from which it appears that, as regards % , we need only consider

the operations

0 0,0 0

and, as regards (sea)™, only

0 0,00
and we have tie processes

(OT-i-i-i-a)!/' 3
,

3 \h/'_ 9 TO

(m — k-i-'kc^'^

f

0 0 \^i/ 0 0

=(axf'-'^^-\ay)\^.

The two forms d^~ ,
(xa)’“'~^'(ya)^, satisfythe partial differential

equation

0X d^ui

0a;i02/2 0052^2/1
’

and the two forms aj^''\yo^ the partial differential

equation
0%2

,

0^^2

0C6i0t;i’^ 0£C30772"

to verify this statement recall that

(ya)= (yja) , = sin* w ciy •

Taking, as operand, any form a^~Hy we write

[

-:-0;

^ (m - lc)k\fix^y2, 0a?202/i)
’

O ^ ^ ^ \

(m - k)k\dxfiri-^^ 0a;20'72y
’

and we can establish the relations

(vi.) a<j=tro-2coswai+ a2 J

and it may be shown that all other covariants are rational integral

functions of these six forms.

Again, take the quadratic a|=6^=... and the linear form

J^='b^=z..,; besides the forms, appertaining to the linear form

and quadratic separately, which have been already given, we have

four additional forms involving the coejSdcients of both forms,

viz. :

—

(aa^)(ah')=

,

j _ _ __ _ 2

a\,((m') = (a^ - cos w) + (a^ *- + (a^ cos w - ,

{aa')ax = d- {a^a^ - ^3^2^0)253

,

(xa)(aaf) - {
- cos « (a^a^ - a^ao)

- -003

<See Elliott, loc. eH. p. 366).
. , .or i.

The polar processes must now he examined. W e nave, rii , 072?

being cogredient with
, ^2 >

(fi ooseo^ „)*^0^(«o)™(iy|3)®

=

From these relations, by putting y=x, we derive the processes

of transvection, and we may write

{
(sea)‘^, b^P’^^=a}(ca>)\a<>.)”'~^~Sl-'^'^,

{
(sea)^,

Of order Jc^k^-{-lc^ there are 4+ 1 transvectants, and k may have

any value not greater than the least of the numbers m, n.

The process is practically equivalent to the performance of the

differential operation

\dx^dx^ dx^da^J [dxjd^i doiizd^2J

the multiplication of operators being symbolic. We have next

to consider the operation

S. L — 40
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.V Calling tlie operation

when performed npon a^, P, we have V^a^=(.xa)^a^ ^

;

IS, in fact. i r-^sin OJ

m'

the operator being expanded s3anboUcally. Similarly

(-y

Hence
w'

(aw) =(a!a)

(4)"

.m-fc 7c

has the effect, practically, of converting into (aja)’”'
;
this can

be otherwise accomplished by writing -X2 ,Xi in place of aji , aJ2,

and changing a into a. (asa)’" is similarly converted into

only here a is changed into a. If the operand be «^''^(a3a)^ it

becomes converted by the operation into The co-

variants of the series are all reducible except and

as may be seen from the identities

sin^wCaja) a^. +Ca3a)
^

f n 7c 'nh—h-'2f 2 2
, / \21

=(aja) ay. |sin wajj,+(aja;
J-

/ \fc m~7:-2
=:ajxa) ay. ;

which exhibits the reduction of Kext consider

the opeiation of
32 02

3fl3i9^i"^0a329l2*

upon a^ and (xaf^, 'W‘e find

Sin-^^Wf p;—-s-r +y— I = m\ le wi.-2fc

w! _fc/ \to-2^

\9aji3|i'^9aj29|2j

10 FORMS
(a’|,S’)^’®=(aJ)fl!|; which vanishes for a single cubic, but, for

two cubics, is

ah' - ha'+ 2{hc' - ch') + {cd' - dc')

- 2{ac' - ea' + hd' - dh') cos <a

+ {ad' ~ da' + he' - ch') cos ^ w.

which, for a single cubic, is

a®+ 3&"+ 3c^ + - 6(a5 + 2&c + cdJ) cos w
+ Q{ac + h^-\~hd-\- c^) cos^ w - 2{ad+ 39c) cos® w.

Again the linear covariant agCiy. is

(a~29cos w-I-o)£I3+ (9~2c cosw+ <^) 2/ ;

and the linear covaliant ajxa) is

^+d- (a +36) cos w+ 29 cos® w} IB

“ {a + c-(39+62) cos w + 2c cos® w} 2/,

An invariant of the cubic which is of the fourth degree in the
coefficients is

a%olayh^

which is derived from
{ah)\cd)\ac){hd)

by an obvious method of universal application. Generally, from
any covariant given by its symbolic product in the theory of the
general linear substitution, we may derive a conjugate form by
writing tuv for {mn) and {xfx) for m*, and we are permitted to do
this whether or no the former ultimately vanishes

;
the conjugate

cannot vanish. In the general Boolian theory, in any symbolic
product, we can pass to a conjugate form by writing

for {mn), {mn) for m^, {xfi) for m^, for {x/x),

A form, containing only or as^, will have no conjugate, and
may be called a non-conjugate form. Other forms may ha'va
vanishing conjugates.
The diffeiential equation, satisfied by Boolian covariants of

the binary form a^, has been shown, by Sylvester, to be

oos“(«h^-!»s^) + +L=0

f 9 — 9
where L= 0* - Da - cos w

|
na^-^+ - 2)^^

— 9 — 9 — 9
+ (7i-4)a2^+*- + (^-'2)a«»i;^=— +na„^ V;

ca^ 9an-i 9a,I

J

if then a covariant be

SOsa!*"“,
operation gives

Before proceeding to give examples of these processes it must be
observed that the transvectant

/ m ,7iN(WNOjifcg

is always reducible wheie is even. This arises from the
symbolic identity

sin® w (a9)®+a|

=

aj>^ ;

for, thence,

+ 2 sin® w(a^ ,
9^)^ ’ ^+ sin^

^

=C«a«« XV® X
with similar identities which establish the theorem.

Me. gr. Consider transvectants of a% over9j

(aj,
; which, for the single cubic aj gives

(a®— 2a& cos ca+ 9®)iis*+4 {a9 - {ac+ 9®) cos w+ 9c}a5®y

+2{aB+29®--(a6?+59c)cos w+ + 2c^}aj®2/®

+ 4{6c - {hd+ c®) cos (a-\-cd} xy^

+ (b®- 2cd? cos w + d^)y^,

which is unchanged when a, h, c, d, x, y are changed into d, c, 9,

Vt SB respectively.

(aj I
&|)® * ® == {db)^aj>y.f ,

which vanishes for the single cubic,

(4,9|)®*o=U9)S

which fora single cubic, is

2{(aB-9®) - (a<^--&c)cos«+(9s2-c®,}^

SQe — 2k) cos ^ib2+ (e — k)xi ^ "* /ffSB^ ^^

+xi == 0 ;

leading to

— (^+ l)C*^i+ {L+ (e — 2k) cos w}C*+ (^ — ^+ l)C*_i=0,

and thence to the series of relations

-* 0^+ (L+€COsw) Cq =0,
— 2C2+ {L+ (e — 2) cos w} Cj^+ e Cg= 0

,

” 3C3+ {L+ (e -- 4) cos (o}C2 +{^ ~~ 1)02= 0,
— 4C4+ •{Ij+ (e — 6) cos wj-C^+ (e — 2)02—0,

which may be written

Ci=(L+ €COS w)Oo,

202= {L®+sin®&>+ (e-l)(...)}Oo,
6C3={L(L®+4sin®a;) + (e-2)( )}Ca
2404= {(L® + sin® w)(L2+ 9 sin® w) + (e - 3)(...)} Cg.

Hence for leading coefficients of covariants of orders 2s and 2s+1
we have annihilators

L(L®+ 2® sin® w)(L®+ 4® sin® w). . .(L®+ 4s® sin® w)

,

(L®+ 1® sin® w) (L®+ 3® sin ® cu) . .
.
{L®+ (4s®+ 4s+ 1) sin® w}

respectively. These conditions are necessary but plainly not
sufficient ; for every leading coefficient of a covariant, of even
order ^2s, satisfies the first operator and, of uneven order =^28+ 1,
the second operator. "We may say, however, that, if the order he
2s, either

(L®

+

4s® sin ® w)Cg= 0

,

or else (L®+4s®sin®c«))Oo is the leading coefficient of a covariant
of even order ^ 25 - 2 . Similarly, for uneven order 25+ 1 ,

either

{L®+ (25 + 1)® sin® w} Cg= 0

,

or {L®+(25+ l)®sin®6>}Co, as the leading coefficient of a covariant
of uneven order =^25 - 1

.
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Ex, gr, Eor order 3 of the cubic a* we find

(L2 + 9 sin^ w)aro= 6(ao - 2^1 cos w+ So)

,

where (Zq - 2% cos w + ^2 appertains to the linear covanant

and it is easy to verify that (LHsin2w)Q;^£u^=:0.

It is to be remaiked that the sources of linear covariants are

annihilated by L^+sin^w, It has been customary for writeis to

regard the orthogonal and Boolian theoiies as particular cases of

that arising fiom the geneial linear substitution. The above
sketch will convince the reader that the latter theoiy is more
properly viewed as a particular case of the former theories.

Investigations, connected with this section, aie a desideratum.
'No references can be given other than those alluded to, incident-

ally, in the text.
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Algferia*! in North Africa, the most important of the

colonies of France, lies between Tunis on the east and

Morocco on the west, and extends from the Mediterranean

to the Sahara. Its area is estimated at 98,500,000 acres,

or 153,906 square miles. The principal indentations of

the coast are the Gulf of Oran, the GuK of Arzeu, the

Bay of Algiers, the Gulfs of Bougie, Stora, and B5ne.

The ports are Nemours, Mers el Kebir, Oran, Arzeu,

Mostaganem, Tenes, Cherchelle, Algiers, Dellys, Bougie,

Jijelli, Oollo, Philippeville, B5ne, La Calle. Algeria is

naturally divided into three parts— the Tell, or coast

region, with a breadth varying from 75 to 160 miles;

the high plateaus; and the Sahara region. The Tell

is traversed by the first chain of the Atlas, consisting in

reality of seventeen distinct ranges, among which it is

sufficient to mention the Tlemcen range ^5500 feet), the

Waransenis (6000 feet), the Titeri range (4900 feet), the

Jerjera or Grand Kabyle range (7100 feet), with the

peak of Lalla Kedija, and the Babor range (6000 feet).

The streams of the Tell are the Tafna (105

miles), the Macta, formed by the Sig and

the Habra; the Cheliff (415 miles), the

Isser (130 miles), the Sahel (125 miles),

the Kebir (140 miles), the Seyhouse (145

miles), and the Mejerda, which flows

through Tunis to the sea. None of these

rivers is navigable. The temperature of

the TeU is moderated by the sea-breeze,

but the sirocco wind sometimes brings

scorching heat. The climate is very

healthy, except in the extreme coast region.

The high plateaus form a plain of an

average height of from 2500 to 3000 feet,

dominated by the ridges of the second or

Saharan chain of the Atlas, of which the

chief points are the Ksour (6000 feet), the

Amour and the Aur^s (7200 feet). At

the foot and to the north of this chain,

towards the middle of the plateaus, is a

depression containing saline lakes or chotts,

of which the best known are the Chergui

and the Hodna. The rivers are umm-
portant

;
the temperature is variable, pass-

ing from one extreme to the other, and

rain seldom falls. The Saharan region consists of wide

sandy or rocky plains without noteworthy features.

The water in general remains under the surface; the

temperature is very high by day; rain falls scarcely in

one year out of three. Life exists only round the oases

or cultivated places. Geologically, the Atlas of the Tell

consists of crystalline rocks, schists, and lias. The Tertiary

formation hardly ever appears except in its eastern portion.

On the other hand, the Little or Saharan Atlas is essen-

tially of Cretaceous and Jurassic formation, hke the rocks

of the desert itself.

Populcdim.—l!\^ population consists of Kabyles or Berbers,

Arabs, Moors, Jews, Turks, Ooulouglis, Negroes, Mozabides, and

1881. 1896.

Native . . .
^

.

French and naturalized

Other Europeans .

Total

2,850,886
269,502
190,014

3,847,448
834,713
211,535

3,810,402 4,393,696

Europeans of various nationality. The Berber population is

estimated at 75 per cent, and the Arab at 16 per cent, of tbe

B V.Darbiskire 6* 0. f.R.Hqwarth Engl Miles
^

Sketch Map of Algeria.



316 ALGERIA
whole, but this estimate, due to General Faidherbe, is not

to verify. The total population increased from 3,310,402 in 1881

to 4,393,696 in 1896. In those years the numbers of the native

and of the European inhabitants are shown in the above table.

According to these figures, the native element increased by 28

per cent., the French by 25 per cent., and the non-French Euro-

pean by 12 per cent.
.

Of the European (non-French) population in 1896, 63,205 lived

in the department of Algiers, 113,279 in the department of Oran,

35,051 in the department of Constantine. About half the number

were Spanish ;
after them came Italians, Maltese, Germans, &c.

In 1896 the area and population of the three departments and

the population of the military territory in each department were

as follows :

—

Departments
Area, Square

Miles.

Total
Population.

Population of
Military
Teriitory.

Algiers .

Oran
Constantine

85,929
44,616

73,921

1,526,667
1,028,248

1,838,781

213,461
140,071
202,611

Total 184,466 4,393,696 556,143

The area of the Algerian Sahara is about 123,500 square miles,

and the population about 50,000.

Movetmnt of population,—During three years the registered

marriages, births, and deaths were as follows :

—

Years. Marriages. Births. Deaths. Surplus of Births.

1897 37,140 133,164 78,951 54,213

1898 36,484 123,674 87,671 36,003

1899 42,816 135,479 90,557 44,922

In 1897 the divorces numbered 12,267 ;
in 1898, 11,876 ;

in 1899,

12,364. In those years, respectively, the still-births numbered
2423, 2837, and 2803. Of the living births in 1899, 17,637 were

European, 2464 Jewish, and 115,274 Mussulman. In 1899,

1017 persons were naturalized. From 1865 to 1899, 25,611 were

naturalized, of whom 8001 were Italian, 4816 Spanish, 6633

German, and 1315 Anglo-Maltese.

Algeria, in its three departments, contains 17 subordinate

prefectures and 348 communes. The important towns are Algiers

(96,784 inhabitants), Blidah (27,772), Medda (16,235), Tizi-Ouzou,

(27,466), in the department of Algiers; Constantine (51,997),

B6ne (34,498), Bougie (14,299), Guelma (7288), Philippeville

(20,450), Setif (16,061), in the department of Constantine; Oran

(85,081), Mascara (22,203), Mostaganem (17,353), Tlemcen (34,866),

in the department of Oran.

Gomrnm^nt,—Algeria is administered by a civil governor-

general. By decree of 26th August 1881, the budget of the colony
was divided among the budgets of the various ministries, and
the various services were placed under the direct authorily of

the respective ministers of France (a system called the rattacke-

7nent)j but, after the parliamentary inquiry of 1891, the system
was modified, and the decree of 1st January 1897, augmenting the
powers of the governor -general, suppressed the rcUtachement,

except as regards worship, non-Mussulman justice, public instruc-

tion, and the customs. The governor is assisted by a superior

council of government, the number of members of 'which was
increased by a decree of 23rd August 1898. Another decree of
the same date created the Algerian financial delegations, an
elective body representing three categories of taxpayers

: (1) the
colonists, (2) taxpayers other than colonists, and (3) the natives.

The duty of the delegations is to investigate all questions of
taxation. Since 1900 Algeria has had a special budget of its own.

Education.—^Algiers is the capital of an academic circumscrip-
tion comprising the whole colony, and is besides the seat of an
establishment for superior instruction consisting of faculties of

law and of sciences, and a superior school of letters. The total

number of students is 786, of whom 300 are students of law.
Algeria has three lycees (at Algiers, Constantine, and Oran) with
2000 pupils, and nine command colleges with 3863 pupils, besides

a college for girls at Oran with 194 pupils. Most primary schools
are Arab-French

;
the purely Arab are not numerous ; some purely

French exist. In the year 1897-98 the total number of primary
schools was 1168, of which 489 were in the department of Algiers,

347 in that of Constantine, and 332 in that of Oran. The total

number of pupils in the schools was 108,000, of whom 65,000 were
hoys and 43,000 girls. In the year 1897-98 the number of children
at infant schools was 29,000, There are three superior Mussulman
schools at Alters, Tlemcen, and Constantine, where pupils are pre-

pared for native employments.
Justice,—Justice is administered in the last resort by a court of

appeal sitting at Algiers. There are sixteen tribunals of arrondisse-

ments or tribunals of first instance, besides tribunals of commerce

and justices of the peace with extensive jurisdiction. Criminal

justice is organized as in France. In 1897, 470 criminal chaiges

were laid, resulting in 439 convictions ; 71,210 persons were

accused of minor oftences and 21,228 of misdemeanours. In the

penal establishments there were registered 50,223 entrances, of

which 797 were for long terms of imprisonment and 49,426 (includ-

ing 1416 women) were for shorter terms. Concurrently with the

French there is a Mussulman system of justice for the decision of

suits between natives. It is administered in the first instance by
the cadis, whose sentences, on appeal, are within the jurisdiction of

French courts.

Finance ,—The increase of the expenditure is shown by the fol-

lowing budget estimates for 1880, 1890, and 1899 (25 francs

=£1 )

Tears. Expenditure.

1880 , £4,040,000
1890 . 4,920,000

1899 . 5,100,000

In 1899 the civil expenditure amounted to £2,920,000, the

military to £2,080,000, and the pensions to £100,000. The receipts

for 1899 were put at £2,166,000, of which £1,684,000 was from
taxation, £218,000 from monopolies, and £178,000 from customs.

The expenditure thus exceeded the receipts by £2,934,000, the

deficit being met by the French Treasury, which besides providing

for the military outlay contributes £860,000 towards the civil

expenditure. But for a proper estimate of the cost of Algeria to

France, besides the sums paid to the state as contributions to the

public service, those paid to the departments and to the communes,
amounting to about £1,600,000 annually, must be taken into

account. Altogether Algeria spends about £6,680,000, towards

which it contributes only £3,760,000.

Army.—The army constitutes the nineteenth French army corps.

Its three divisions are at Algiers, Oran, and Constantine respec-

tively, and contain a total strength of 60,800 rank and file. The
elements of the divisions are the Zouaves (13,670), Algerian Rifles

(15,249), the foreign legion (10,759), the African light infantry

(8253), the African chasseurs (6314), and the Spahis (3532).

Agriculture.—By far the most important of the resources of the

colony is agriculture, on which on 1st January 1898, 3,644,614

persons were estimated to he dependent, 207, 310 being Europeans.

At the same date the area cultivated was estimated at 26,182,000
acres, of which 7,647,100 acres were under wheat and other cereals

(1,188,100 acres belonging to Europeans, and 6,469,000 acres to

natives). In 1880 the area under cereals did not exceed 7,768,000
acres. The crops of wheat, barley, and oats yielded respectively

12, 16, and 1’2 millions of cwt. in 1880, and 14-6, 18, and 1’6 in

1898. In the latter year rye and maize yielded respectively

1,748,000

and 200,000 cwts. The cultivation of the vine, after

encountering serious difficulties, has greatly extended. The vine-

yard area and produce in various years were ;

—

Tears. Acres. Gallons.

1872
1880
1888
1898

39,500

55,800
308,750
348,270

4.994.000
9.504.000
60,742.000

100,194,600

The value of the wine-yield in 1898 was not less than £6,600,000
sterling. Of the three departments Oran produced the largest

quantity, 40,772,600 gallons; then Algiers, 37,037,000 gallons;

and Constantine, 22,385,000 gallons. Tobacco covers 17,330 acres,

yielding 106,480 cwt. Early fruits are cultivated with success in

the Mitija. There are about 7,000,000 olive-trees, which promise
to become a source of wealth. Alfa-grass, an important article of

commerce with England, grows on the high plateaus, where about
410.000 tons are annually gathered on an area of about 2,964,000
acres or 4630 square miles.

Forests.—^The forests cover an area (chiefly on the mountain
slopes) of about 7,410,000 acres, or 11,600 square miles. About
1.236.000 acres are in private ownership, 247,000 acres belong to

communes, and the whole of the remainder is the property of

the state. The cork-oak extends over an area of 684,000 acres,

the zeen-oak and the aleppo pine belong to valuable species. The
date-palm is cultivated in the oases

; at Biskra there are 150,000
palm-trees

;
in the Ziban, 556,000 ;

in the Wed Kir, 637,000
;
in

theSouf, 180,000.
Live Stock.—The live stock in 1898 consisted of 202,343 horses,

142,796 mules, 265,870 asses, 205,827 dromedaries, 1,004,175 cattle,

7,026,290 sheej), 3,566, 508 goats, and 90,765 pigs
; in all, 12,494,574

animals, of which 831,457 belonged to non-natives and 11,663,117
to natives. The value of the agricultural material was estimated
at £1,160,000 sterling.

Mines amd quarries.—In the department of Algiers are coal-mines
yielding about 10,000 tons of coal annually. Iron is mined at
Mokta el Hadid, at Ain Mokra, and at other places

; the yearly
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output being about 470,000 tons, worth £200,000 sterling. In
the extraction of the ore about 1500 workpeople are employed.
The zinc and lead mines yield about 43,000 tons, worth £55,000
sterling. Antimony is found in the department of Constantine.
The phosphate beds recently discovered piovide material for a

rapidly increasing industry. They yielded 240,000 tons of

phosphate in 1899. There are more than 300 quarries of stone,

marble, &c. Salt is collected on the margins of the chotts or lakes

on the high plateaus.

Industry.—Industries are not very active. The more important
are pottery, employing 1520 workmen

,
shipbuilding, 256 ; tanning

and leather-dressing, 2462 ; weaving and plaiting esparto goods,

9272 ; chemical works. In 1898 there were altogether 19,398 in-

dustrial establishments, employing 59,077 persons.

Commerce.—The principal imports are living animals, cereals,

coffee, timber, coal, and tissues
; while the chief exports are

wine, alfa, tobacco, iron-ore, hides, cork, phosphates. The
general trade (imports and exports) in 1870 amounted to the value
of 12 millions sterling

;
in 1880 to 18*4 millions, in 1889 to 16*4

millions, in 1898 to 23*5 millions. The special trade in 1898
amounted to 11*6 millions sterling for imports and 10*6 millions for

exports. The imports from France were of the value of 9 millions

sterling, and the exports to France almost reached the same amount.
France sends to Algeria tissues, ready-made clothing, furniture,

metal goods, leather and leather goods
;
and receives from Algeria

wine, cereals, sheep, wool, and noises. The imports from Great

Britain reached the value of £248,000, and the exports to Great

Britain £544,000. Other countries trading with Algeria were in

1898 (in order of importance) Morocco, Russia, Tunis, Spain, the

United States, Italy, Brazil, and Belgium.

Shipping.—In 1898, 1834 vessels of 1,101,668 tons entered

Algerian ports from abroad, and 1798 of 1,117,408 tons cleared for

ports outside of Algeria. In the coasting trade, 8627 vessels, aggre-

gating 1,621,623 tons, entered, and the same cleared. Direct

shipping relations between Algeria and France are reserved exclu-

sively for the national flag. The most frequented Algerian poit

is Algiers (1,700,000 tons), then Oran (1,000,000), Philippeville

(600, 000), and Bona (500,000). On 1st January 1899 the mercantile

marine consisted of 657 sailing vessels of 7420 tons, and 64 steamers

of 10,958 tons.

R<dlwot/ys.--\u 1888 Algeria had 1740 miles of railway
; in 1900,

2087 miles, of which 1357 were of normal gauge, besides 1134 miles

under construction, of which 160 miles were of normal gauge. The
principal lines are those from Algiers to Constantine, 290 miles ;

from Algiers to Oran, 266 miles
; and the lines crossing or pene-

trating the country from Mostaganem to Am Sefra in the depart-

ment of Oran, and from Philippeville to Biskra in the department

of Constantine. The line from Algiers to Constantine is continued

across the Tunisian frontier as far as the city of Tunis, The
railway receipts in various years and the receipts per mUe were

as follows :

—

Years. Total Receipts. Receipts per Mile.

1870 £94,000 £431
1880 489,600 594

1890 965,840 554

1896 968,000 500

1898
1

1,040,000 498

The receipts per mile have fallen off since 1880 owing to the con-

struction of new lines.

The length of the national roads in 1884 was 1784

miles
;
in 1888, 1794 ;

in 1898, 1791.

Fost-offices,—In 1897 there were 553 post-offices. The post and

telegraph receipts in 1883 amounted to £150,600 ; in 1892 to

£164,100 ;
in 1897 to £183,000. The post-office orders issued in

1888 numbered 618,861 and were of the value of £1,364,818; in

1897, 925,498, of the value of £1,602,770. The payments into

the post-office savings bank in 1888 amounted to £164,750 ; in

1897 to £387,940.

Banks .—The movement of coin and notes at the Bank of Algeria,

whose head office is at Algiers, amounted in 1897-98 to over 56

millions sterlmg
;
that at the office of the Algerian Company to

52 millions ;
and at the five branches of the Or^it Lyonnais to

29i millions. In 1897 the Cridit Fonder et Agricole of Algeria

made advances to the amount of over 4 millions sterling.

Eistory.—Since the great insurrection of 1871 there have been

two revolts in Algeria, that of El Amri in 1876, and that of Bou

Amama in 1881, in southern Oran, which was repressed not

without difficulty. Another important event was the annexation

of Myab (1882), where the inhabitants, tributary since 1863, had

refused to fulfil their engagements. Since 1896 Algeria has suffered

from the anti-Jewish agitation, which on several occasions, especially

at Algiers, Oran, and Constantine, has led to riot and bloodshed.

In consequence of the difficulties raised by this propaganda, there

has lately been a constant change in governors (see also Anti-

Semitism).
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Authorities.— g6nd'ale de VAlgerie. Alger, 1899.

—Annuaire stcdistique de la France. Paris.

—

Dubois et Kergo-
MARD. Geograph%e 4conomique. Paris, 1898. — LAEERRikRE.
Exposi de la situation generale de VAlgdrie. Mustapha, 1899.

—

Wahl. EAlgdie (last edition). Paris, 1899.

—

Vignon. La
France dans VAfrigue du Nord. Paris, 1897.— Gaffarel.
EAlgirie. Paris, 1888. — D’Haussonville. La colonisation

officfklle en Algirie^ Paris, 1883. (p. l.)

Alg^ierSi capital city and seaport of Algeria, the

seat of the governmerLt-general, of a court of appeal,

and of an archbishop, and station of the 19th Corps

d’Armee. Taking into account only the ancient Algiers

within the circuit of the city walls to the exclusion of the

suburban faubourgs, the population, 48,908 in 1872, had
increased to 82,585 in 1891, and reached 96,784 in 1900.

The French population, 18,216 in 1872 and 38,041

in 1891, numbered 42,004 in 1900; but this increase was
mainly due to the facilities offered for the acquisition of

writs of naturalization. The Jews numbered 7857; the

Arabs, 23,202; foreigners, 23,721. Including the sub-

urban faubourgs from the Pointe Pescade to Maison Carree,

namely, St Eugbne, Hussein Dey, Busarea, El-Biar, El-

Kouba, to mention only the most important groups of

population, the inhabitants of Algiers in 1900 numbered
135,000 against about 66,000 within the same area in

1872. Such a marked growth of population is to be

ascribed to the extension of commerce, of shipping, of

the public services, and of agriculture. Besting on high

hills all covered with gardens, Algiers enjoys a delightful

situation, and has become one of the most frequented

winter resorts. The old Algiers of narrow and steep

streets, crowned by the Citadel, the Kasbah, is distin-

guished from the new Algiers, on level ground, which
has for its principal road the superb Boulevard de la

R^publique. The chief public buildings are the Govern-

ment House (Palais du Gouvernement), the cathedral, the

Grand Mosque, the library, and museum. The old walls

of Algiers will soon be completely demolished, and in their

place will be planted a line of forts which will occupy the

edge of Mount Busarea at an elevation of over 1300
feet above the sea. The port of Algiers is to be entirely

transformed, the Chamber of Commerce and the Govern-

ment having taken the necessary measures to push forward

the works rapidly. The main object is to do away with

the sorry port of Agha. At present, however, a public

warehouse has been established in connexion with the

loading and unloading of the goods. The jetty to the

south of the port has been enlarged, pending the extension

of the north jetty. Owing to the improvement abeady
accomplished, Algiers has become one of the most con-

siderable colonial maritime entrepdts. The tonnage, which

in 1883 did not exceed 314,633, entered and cleared,

amounted in 1894 to 924,616, and in 1898 to 1,702,310.

In short, Algiers engrosses more than 40 per cent, of the

total traffic of Algeria. The merchant slups at the port

numbered, iu 1898, 250 of 10,348 tons, or 72 per cent, of

the total tonnage of the merchant marine of Algeria. The
seat of a college, with schools of law, medicine, science,

and letters, Algiers in 1898 counted 1069 students of

higher instruction—509 in letters, 64 in science, 230 in

medicine, and 266 in law. Algiers maintains communica-

tion with Marseilles by a quick service of steamers, which
run the 497 miles across the Mediterranean in twenty-

eight to thirty hours. The journey between Algiers and

Paris, from which it is distant 1031 miles, is accomplished

in about forty-five hours.

Authorities.—Tardieu. Alger tel quHl est. 1887.—^Drouet.

Alg&r et U Sahel. 1887.—Wahl. EAlgirie. 1897.—Pensa.

Alg&ie : Voyage de la ddUgation de la Commission d'Altudes, &c.

1894.—PiEssE. Algirie (Guide Joanne).

—

Platfair. Eandlodh

(Murray’s) ofAlgeria and Tunis, 1895. (p,
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Aihama de Granada, a town in the province

•of Granada, Spain. Population, 7382. In 1884 five

churches, the hospital, the prison, the theatre, and more

than a thousand houses were destroyed by an earthquake.

Eight hundred persons were buried under the ruins. A
new town was built near the old one, mostly by subscrip-

tions raised in the rest of Spain. Strange to say, the

baths, situate outside the town, were not much injured.

Aiiagr^y ^ town of 17,000 inhabitants in the west-

central portion of the province of Nueva Ecija, Luzon,

Philippine Islands. It is well situated in the midst of

a rich Indian corn, rice, sugar, and tobacco-producing

region, and has a comparatively cool and healthful climate.

Tagalog is the most important language
3
Ilocano, Pam-

pango, and Pangasinan are also used.

AliCd.nte| a maritime province in the S.E. of Spain,

with an area of 2096 square miles. Population (1897),

451,174. The coast-line has an extent of 107 miles. The
roads are not in very good condition. Eailways run through

the province from^^icante to Madrid, and to Murcia, and the

south of Spain. The province is divided into 14 districts

and 138 parishes. There are, in working condition, 7 mines

of iron ore, 2 of lignite, and 2 salt-mines. The salt-mines

of Torrevieja employed 561 men, and produced in 1898

93,493 tons of the estimated value of £31,082. The
live stock in the province includes 4031 horses, 14,960

mules, 8908 donkeys, 2160 oxen and cows, 52,790 sheep,

19,461 goats, and 6555 pigs. Wheat is grown on 9000
acres, rye, oats, barley, and maize on 59,000, vines on

259,000, olive on 41,250. The births in the province

average five to every four deaths. The population does

not increase, however, owing to the emigration, mainly to

Oran in Algeria. Only the provinces of Almeria and
Pontevedra show more emigrants annually than Alicante.

Alica.nte| a town of Spain, capital of the above pro-

vince, and a resort in winter for invalids on account of its

mild and steady climate. Population in 1897, 49,463. Ali-

cante was more affected than the other Mediterranean ports

in 1898 when Spain lost her colonies, after her struggle

with the United States, as is shown by the figures of the
shipping at the port in 1897 and 1898. In 1897 the return

ah the shipping gives 1769 vessels, with 1,475,994 tons,

and in 1898, 1660 vessels, with 1,008,937 tons. The coast-

ing trade has been on the increase for several years, and
this partly explains how 1250 Spanish vessels, with 836,795
tons, rank in the returns for 1898, The principal exports
were wines, valued at £700,000 in 1897, and £800,000 in

1898 ; lead, valued at £160,000 in 1897, and £150,000 in

1898 almonds, valued at £60,000 in 1897, and £65,000
in 1898 ; esparto, valued at £10,000 in 1897, and £20,000
in 1898; saffron, valued at £75,000 in 1897, and £40,000
in 1898.

Alice Maud Maiy^ Gbaot-Duchbss of Hesse-
Daumstadt (1843-1878), second daughter and third child
of Q^een Victoria, was born at Buckingham Palace, 25th
April 1843. A pretty, delicate-featured child— “cheer-
ful, merry, full of fun and mischief,” as her elder sister

described her^—^fond of gymnastics, a good skater, and a
devoted rider, she was a general favourite from her earliest

days. Her first years were passed without particular
incident in the home circle, where the training of their
children was a matter of the greatest concern to the Queen
.and the Prince Consott, Among other things, the royal
children were encouraged to visit the poor, and the effect

'of this training was very noticeable in the later life of
Princess Alice. After the marriage of the Princess Eoyal
in 1858, the new respousibiliiies devolving upon Princess
Alice, as the eldest daughter at home, called forth the
higher traits of her character, and brought her into still
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closer relationship with her parents, and especially with

her father. In the summer of 1860, at Windsor Castle,

Princess Alice first met her future husband, Prince Louis

of Hesse. An attachment quickly sprang up, and on the

prince’s second visit in NovemW they were formally

engaged. In the following year, on the announcement of

the contemplated marriage, the House of Commons unani-

mously voted a dowry of £30,000 and an annuity of

£6000 to the princess. In December 1861, while pre-

parations were being made for the marriage, the Prince

Consort was struck down with typhoid fever, and died on
the 14th. Princess Alice nursed her father during his

short illness with the utmost care, and after his death
devoted herself to comforting her mother under this

terrible blow. Her marriage took place at Osborne, on
1st July 1862. The princess unconsciously wrote her
own biography from this period in her constant letters to

Queen Victoria, a selection of which were allowed to be
printed in 1883. They first appeared in Germany, under
the editorship of Doctor Sell ;

the English edition which
followed being edited by Princess Helena (Princess Chris-

tian). These letters give a complete picture of the daily

life of the duke and duchess, and they also show the in-

tense love of the latter for her husband, her mother, and
her native land. She managed to visit England every

year, and it was at her special request that when she died
her husband laid an English flag upon her coffin.

In the war between Austria and Prussia in 1866,
Hesse-Darmstadt was upon the side of the Austrians;

Prince Louis accompanied his troops to the front, and
was duly appointed by the grand-duke to the command
of the Hessian division. This was a time of intense trial

to the princess, whose husband and brother-in-law, the

crown prince of Prussia, were necessarily fighting upon
opposite sides. The duke of Hesse also took part in the

principal battles of the Franco-Prussian war, while the

duchess was actively engaged in organizing hospitals for the

relief of the sick and wounded. The death of the duke’s

father, Prince Charles of Hesse, on 20th March 1877, was
followed by that of the grand-duke on 13th June, and
Prince Louis succeeded to the throne as Grand Duke Louis
IV. In the summer of 1878 the grand-duke and duchess,

with their family, came again to England, and went to East-

bourne, where the duchess remained for some time. She
returned to Darmstadt in the autumn, and on 8th November
1878 her daughter, Princess Victoria, was attacked by
diphtheria. Three more of her children, as well as her

husband, quickly caught the disease, and the youngest,

“May,” succumbed on the 16th. On 7th December the

princess was herself attacked, and, being weakened by
nursing and anxiety, had not strength to resist the disease,

which proved fatal on 14th December, the seventeenth

anniversary of her father’s death. In a sermon preached
on the day after her death, Canon Duckworth admirably
summed up the character of the princess : “Endowed with
rich intellectual gifts, and with a force and charm of char-

acter which would have made her a conspicuous power in

any rank, the princess whom we mourn has passed her brief

days in unwearied use of great opportunities.” She left

one son and four daughters. (g. f. b.)

Aligrarh, a city and district of British India, in the
Meerut division of the North-West Provinces. The city, also

known as Koil, is a station on the East Indian railway, 876
miles from Calcutta. Sir Sayad Ahmad Khan, K.C.S.I.,
who died in 1898, founded in 1864 the Aligarh Institute
and Scientific Society for the translation into the vernacular
of western literature; and afterwards the Mahommedan
Anglo-Oriental College, under English professors, with an
English school attached. In 1896-97 the college had 114
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students, and meetswith strong support from the enlightened

portion of the Mussulman community, whose aim is to

raise it to the status of a university, with the power of

conferring degrees. Population (1881), 61,730; (1891),

61,485; (1901), 70,127, showing an increase of 14 per

cent; the municipal income in 1897-98 was Es.63,923;
the death-rate in 1897 was 40 per thousand. There are

three fiour-mills, several cotton-presses, and a dairy farm.

The district of Aligarh is traversed by several rail-

ways, and also by the Ganges Canal, which is navigable.

The chief trading centre is Hathras. Area, 1952 square

miles; population (1891), 1,043,172, being 534 persons

per square mile
; (1901), 1,203,047, showing an increase

of 15 per cent., due to the extension of irrigation. The
land revenue and rates are Es.25,97,223, the incidence of

assessment being E.l:ll:4 per acre; the cultivated area

in 1896-97 was 889,182 acres, of which 526,667 were
irrigated from wells, &c.

;
the number of police was 2954;

there are 78 vernacular schools, with 6979 pupils; the

registered death-rate in 1897 was 34 per thousand. There
are 12 factories for ginning and pressing cotton, and 182
indigo factories, with an out-turn which is valued at

Es.6,88,000.

Alipur. See Calcutta.

Alirajpur, a native state of India, under the

Ehopawar agency. It lies in Malwa, near the frontier of

Bombay. It has an area of 837 square miles; and a
population (1891) of 70,091, being 84 persons per square

mile. The country is hilly, and many of the inhabitants

are aboriginal Bhils. It has from time to time been under
British administration. The chief, whose title is Eana, is

a Eahtor Eajput. He has an estimated revenue of

Es. 130,633, and pays a tribute of Es. 11,000. The town
of Alirajpur is situated in 22® 11' N. lat. and 74® 24' E.
long. The Victoria bridge was built to commemorate the

Diamond Jubilee of 1897.

Alison, Sir Archibald, Bart. (1826
),

G.C.B., British general and colonel of the Seaforth High-
landers, eldest son of the first baronet, the well-known
historian, was born at Edinburgh, on 21st January
1826. Educated at Glasgow and Edinburgh Universities,

he entered the 72nd Highlanders as ensign in 1846.

He was promoted captain in 1853, and served in

the Crimean campaign at the siege of Sebastopol (medal
with clasp, Turkish medal, brevet majority). During
the Indian Mutiny he was military secretary to Sir Colin

Campbell, commander-in-chief, and was severely wounded
at the relief of Lucknow, losing an arm (medal with clasp,

brevet lieut-colcnelcy, C.B.). From 1862 to 1873 he
served on the staff as an assistant adjutant-general at

headquarters, Portsmouth, and Aldershot. He commanded
the European brigade, and was second in command of the

Ashanti Expedition 1873-74, distinguishing himself at

the battle of Amoaful, capture of Bequah, action of

Ordahsu, and capture of Kumassi (medal with clasp,

thanks of parliament, and K.C.B.). For three years

Alison was deputy adjutant-general on the headquarters
staff in Ireland and then, for a few months, commandant
of the Staff College. He was promoted to be major-general

in 1877, and from 1878 to 1882 was head of the intelli-

gence branch of the War Office. He commanded the

troops at Alexandria in 1882 until the arrival of Sir

Garnet Wolseley, commanded the Highland Brigade at
the battle of Tel-el-Kebhr in the Egyptian campaign, and
remained in command of the army of occupation of Egypt
until 1883 (medal with clasp, bronze star, second class

Osmanieh, thanks of parliament, and promoted lieut.-

general for distinguished service). He commanded the

Aldershot division from 1883 to 1888, was for some
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months adjutant - general to the forces during Lord
Wolseley’s absence in Egypt, was made G.C.B. in 1887,
and was promoted general and became a military member
of the Council of India in 1889,

Aiiu-amba« See Abyssinia.

Aliwaiy a village of British India, in the Ludhiana
district of the Punjab, situated in 30® 57' N, lat. and
75® 37' E. long., on the left bank of the Sutlej. Here, on
28th June 1846, Sir Harry Smith, in command of a cavalry

force, inflicted a severe defeat upon the Sikhs.

Aliwal North, a town of Cape Colony, on the

left bank of the Orange rivei, which is here spanned by

I

a fine railway bridge, 860 feet long. It is the present

terminus of the line running from East London through
Molteno and Burghersdorp northwards, and carries on
a brisk trade with the Orange Eiver Colony and surround-

ing districts. The population is about 3000. Aliwal
North is so named to distinguish it fiom Aliwal Sooth,
which is the seaport of the pastoral Grasveld district, and
stands on the west side of Mossel Bay under the Cape St
Blaize headland, by which it is sheltered from the fierce

southern winds. It has a considerable import and export

trade, ranking in this respect fourth amongst the seaports

of Cape Colony. The population is about 3000.

Alkmsiair, a town of the Netherlands, in the

province of North Holland, about 20 miles N.N.W. of

Amsterdam by rail. It is also connected by steam tramway
(1896) with Purmerend, Amsterdam, and Hoorn. There
is a nnlitary school here. Population in 1870, 11,410; in

1900, 18,275,

Alla.da.« See Dahomey.

Alla.h«Siba.ci, a city of British India, the capital of

the North-West Provinces, also a district and a division.

The city is situated at the confluence of the Ganges and
the Jumna, 564 miles from Calcutta by rail. Modem
buildings include Government House, the High Court, the

Mayo memorial and town hall, the Muir Central College,

the Thornhill and Mayne memorial library and museum, the

Naini central jail, Trinity church, and the Eoman Catholic

cathedral. The Jumna is crossed by a railway bridge,

and there are two bridges of boats over the Ganges. The
military cantonments contain accommodation for all three

arms. Population(1881), 148,547; (1891), 175,246 ; (1901),

175,748. Themunicipalincomeinl897-98wasEs. 3,93,283;
the registered death-rate in 1897 was 36*5 per thousand.

The municipality consists of 28 members, of whom 21 are

elected, with the magistrate as ex officio chairman. The
water-supply, which was extended in 1897, provides

1,425,000 gallons a day, or 8 gallons per head. In 1896-97

the Muir Central College had 195 students
;
the Elayasth

Pathsala had 73 students. There are four high schools

and an American mission. There are 33 printing presses,

4 English and 4 vernacular newspapers, a literary institute,

the Kayasth association,a Mahommedan union, and debating

society.

The district of Allahabad is traversed by the East

Indian railway and the Great Trunk road. Apart from the

city, it contains no town with a population exceeding 6000.

Area, 2852 square miles; population (1891), 1,548,737,

being 543 persons per square mile; (1901), 1,487,904,

showing a decrease of 4 per cent. The land revenue and
rates are Es. 19, 12,75 7, the incidence of assessment being

E.l:5:3 per acre; the cultivated area in 1896-97 was
882,887 acres, of which 232,774 were irrigated from wells

and tanks; the number of police was 4745 ;
there are 217

vernacnlar schools, with 5941 pupils; the registered death-

rate in 1897 was 45 per thousand. The principal crops

are rice, millet, pulse, barley, cotton, opium, and indigo.
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There are 23 indigo factories, with an out-turn valued at

Es.1,09,000.

The division of Allahabad has an area of 17,265 square

miles. Population (1891), 5,757,121, being 333 persons

per square mile; (1901), 5,535,803, showing a decrease

of 4 per cent., due to the famine of 1896-97, which was
severely felt in this tract. It comprises the eight districts

of Cawnpore, Fatehpur, Banda, Hamirpur, Allahabad,

Jhansi, Jalaun, and Lalitpur.

Allegrhenyy a city of Pennsylvania, U.S.A., situ-

ated in lat, 40® 27' IST. and long. 80® 00' W. on the north
bank of the Allegheny and Ohio rivers, opposite Pittsburg,

with which it forms a single business and manufacturing
community. The elevation above sea-level at the station

of the Pennsylvania Railroad, in the lower part of the city,

is 736 feet, most of the city being much higher. The
main position is on a plateau immediately above the rivers,

with residence portions extending over the hills behind.

The river part is occupied by manufacturers, while the

principal mercantile quarter is along Federal and Ohio
streets, which intersect at a central square, containing the
city hall, post office, Carnegie free library, and the market-
place. The parks consist of the east, north, and west
parks, nearly surrounding the central business section, and
Riverview Park on the hills about two miles to the north.

The population in 1890 was 105,287 ; in 1900, 129,896,
with a death-rate of 16-23. The higher institutions of

learning are the Western University of Pennsylvania and
theological seminaries of the Presbyterian and United
Presbjrterian churches. In the lower part of the city is

the Riverside State Penitentiary. The government con-
sists of a mayor, and departments of public safety, public
works, and public charity, with select and common
councils. The annual expenditure is $2,099,000, the debt
is $4,810,588, and the valuation of property $81,601,300.
There are three hospitals, ten banMng institutions, and
four insurance companies. It has extensive manufactures,
amounting in 1890 to $20,500,000, mainly of iron, leather,

and paint. Three railways, the Pennsylvania, the Pitts-

burg and Western, and the Bufialo, Rochester, and Pitts-
burg, enter the city.

Ailonstoiriy a town of Prussia, province East
Prussia, 100 miles by rail N.E. from Thom. It has a
mediaeval episcopal castle, a couple of churches, a syna-
gogue, a lunatic asylum, and various industries— iron-
foundries, saw-mills, brick-works, and breweries; also a
trade in cereals and timber. Population (1885), 11,555 :

(1895), 21,579
; (1901), 24,307.

\ ^

Allentown, a city of Pennsylvania, U.S.A., the
capital ^of Lehigh county, situated in 40® 37' hT. lat.
and 75® 27' W. long., in the eastern part of the state,
in Lehigh Valley, at an altitude of 256 feet, sixty miles
north by west from Philadelphia. Though its site is
hilly, its plan is quite regular. The city is divided into
eleven wards, and is entered by four railways, the Central
of New Jersey, the Lehigh Valley, the Perkiomen, and the
Philadelphia and Reading. It has important manu-
factures of boots and shoes, iron and silk. It is the site
of Muhlenburg College. The population in 1880 was
18,063, in 1890 it was 25,228, and in 1900 it was
35,416.

^

Alleppiy or Auladalay, a seaport of Southern Tndja
r

in the state of Travancore, 33 miles south of Cochin’
situated on a strip of coast between the sea and one of
those backwaters that here form the chief means of inland
communication. There is a lighthouse, 85 feet high, with a
revolving wHte light visible 18 miles out at sea. The
exports consist of cofee, pepper, cardamoms, and cocoa-
nuts. There are two factories for coir matting. The

Y — A L L M A K
Raja has a palace, and Protestant missionaries have a
church. Population (1891), 22,768.

Aller, a town of Spain, in the province of Oviedo,
21 miles S.E. of Oviedo, on the coast side of the Picos
de Europa that separate the basin of the rivers running
towards the sea from the dry plateau of Old Castile. It
stands in the midst of a wooded country, and in the neigh-
bourhood are coal and iron-ore mines and an iron foundry.
There^are two churches and schools. Population (1897),

^

Alliance, a city of stark county, Ohio, U.S.A.,
situated in the north-east part of the state, at an altitude
of 1081 feet, on three lines of railway. It is the seat of
Mount Union College. Its manufactures consist in great
part of agricultural tools and machines. The population in
1880was 4636, in 1890 it was 7607,and inl900 itwas8974.

Allier, a department in the centre of France. It is
traversed by the ramifications of the mountains of D6me
and of the Forez, and watered by the Allier and the Cher.
Its area occupies 2850 square miles. The department
comprises 29 cantons, 321 communes, and had a popula-
tion in 1901 of 422,083, against 424,582 in 1886. Births
(1899), 7999, of which 463 were illegitimate; deaths,
7236; marriages, 3590. The towns are Moulins (22,415
inhabitants in 1896), Gannat, La Palisse, Commentry,
Montlugon, and Vichy. In 1896 there were 872 primary
schools, with 60,688 pupils, and 9 per cent, of the popu-
lation was illiterate. The area under cultivation measured
1,660,255 acres, of which 1,185,600 acres were in forest
and 34,580 acres in vineyards. In 1899 the wheat crop
yielded a value of £1,804,210, and the vines £200,000.
The live stock (1899) numbered 742,510 head, of which
275,900 were cattle. Allier counts among the depart-
ments of France in which the mining industry is in a for-

ward state. It produces a million tons of coal yearly in
the tasin of Commentry. The industry in metals has
likewise assumed large proportions around Montlugon,
turning out 69,000 tons of iron, cast-iron, and steel, of

the value of £700,000, in 1898. The other industries are
in glass, in paper, in chemical products (Commentry), and
in cutlery (St Pourgain).

Allingham, William (1824-1889), Irish man of

letters and poet, was born at Ballyshannon, Donegal, 19tk
March 1824 (or 1828, according to some authorities), and
was the son of the manager of a local bank. He obtained a
post in the custom-house of his native town and filled several

similar situations in Ireland and England until 1864, when
he became sub-editor of Fraser^s Magazine^ which he subse-
quently edited until 1879, He had made himself known by
the publication of a volume of poems in 1850, followed by
The Music Master and Fay and Fight Songs, a volume con-
taining many charming lyrics, in 1855, and by Lawrence
Bloomfield, a narrative poem illustrative of Irish social

questions, in 1864. He married Helen Paterson, known
under her wedded name as a distinguished water-colour
painter, and died at Hampstead on the 18th of November
1889. Though working on an unostentatious scale,

Allingham produced much excellent lyrical and descriptive

poetry, and the best of his pieces are thoroughly national
in spirit and local colouring.

Allman, Georg-e James (1812-1898),
British biologist, was born in Cork, Ireland, in 1812, and
received his early education at the Academical Institution,
BeKast. For some time he studied for the Irish bar, but
ultimately gave up law in favour of natural science. In
1844 he graduated in medicine at Dublin, and was at once
appointed Professor of Botany in that university. This,
position he held for about twelve years until he removed
to Edinburgh as Regius Professor of Natural History.
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There he remained till 1870, when considerations of

health induced him to resign his professorship and retire

to Dorsetshire, where he devoted himself to Ids favourite

pastime of horticulture. The scientific papers which came
from his pen are very numerous. His most important
work was upon the gymnoblastic hydrozoa, on which
he published in 1871-72, through the Eay Society, an
exhaustive monograph, based largely on his own researches

and illustrated with drawings of remarkable excellence

from his own hand. Biological science is also indebted to

him for several convenient terms which have come into

daily use, endoderm and ectoderm for the two cellular

layers of the body-wall in Coelenterates. He became a
Fellow of the Royal Society in 1854, and received a
Royal medal in 1873. For several years he occupied the

presidential chair of the Linnaean Society, and in 1879
he presided over the Sheffield meeting of the British

Association. He died 24th November 1898.

Alloa, a river port and police burgh on the north side

of the Forth in the county of Clackmannan, Scotland,

28 miles from Leith by water, and 6^ miles E. of Stirling

by rail. The register of shipping included 7 vessels of

374 tons at the end of 1898 ;
in 1898 entered 918 vessels

of 177,004 tons, cleared 1056 of 201,576 tons. Coal is

the chief article of export, 345,631 tons being shipped in

1898, There are in the town 8 breweries. Spinning mills

(its yarn is famous), engineering works, and chemical works
are among the industrial features. The parish church has

been restored internally, and recent erections are a hall

and museum, a town hall and free public library (designed

by Mr. Waterhouse, R.A., the gift of Mr. J. Thomson
Paton), a county combination hospital, a secondary school,

public baths and gymnasium, and an accident hospital.

A public park has been opened. One of the schools is an
academy. Population of police burgh in 1881, 8812;
1891, 10,754; 1901, 11,417.

Allotments and Small Holdingrs.—As
the meaning of these terms varies in different locahties, it

may be as well to say at once that for the present purpose
they are definable as pieces of land detached from cottages,

and hired or owned by labouring men to supplement their

main income. We do not include any farm, however
small, from which the occupier derives his main sup-

port by dairying, market-gardening, or other form of la

petite culture. So also, no account is talffen of the tiny

garden plot, used for growing vegetables for the table and
simple flowers, which is properly an appurtenance of the

cottage. Clearing away what is extraneous, the essential

point round which much controversy has raged is the

labourer’s share in the land. To some extent tMs depends
upon tradition. In agriculture, the oldest of all indus-

tries, a cash payment is not even now regarded as

discharging the obligations between master and servant.

Mr Wilson Fox, in reporting to the Board of Trade on the

earnings of agricultural labourers in Great Britain, gives, as

a typical survival of an old custom, the case of a shepherd
whose total income was calculated at £60 a year, but who
got only £16 in money, the rest being made up by rights

of grazing live-stock and growing crops on his master’s

land, and kindred privileges. That is exactly in the spirit

that used to pervade agriculture, and doubtless had its

origin in the manorial system. If we turn back to the
13th century, from Walter de Henley’s Husbandry it will

be seen that practically there were only two classes engaged
in agriculture, and corresponding with them were two
kinds of land. There were, on the one hand, the employer,
the lord, and his demesne land

;
on the other, the villans,

and the land held in villenage. Putting aside for the
moment any discussion of the exact degree of servitude, it
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win be seen that the essence of the bargain was that the
villan should be permitted to cultivate a virgate of land
for his own use in return for service rendered on the home
farm. This is not altered by the fact that the conditions

approached those of slavery, that the villans were adscripti

fiebcBy that in some cases their wives and sons were
bequeathed by deed to the service of religious houses, and
that in many other respects their freedom was limited.

Out of this, in the course of centuries, was developed the
system prevailing to-day. Lammas lands are indeed a
survival from it. There are in the valley of the Lea, and
close to London, to take one example, lands allotted annually
in little strips till the crops are carried, when, the day
being fixed by a reeve, the land becomes a common pasture

till the spring closing takes place once more. Perhaps the
feature of this old system that bears most directly on the

question of allotments was the treatment of the waste of

the manor. The lord, like his tenants, was limited by
custom as regards the number of beasts he could graze on
it. After the havoc of the Black Death in 1349, many
changes were necessitated by the scarcity and dearness of

labour. It became less unusual for land to be let and for

money payment to be accepted instead of services. There
was a great demand for wool, and to conduct sheep-farm-

ing on a large scale necessitated a re-arrangement of the

manor and the enclosure of many common fields under the

statute of Merton and the statute of Westminster Second.
Nevertheless, up to the 18th century, a vast proportion of

agricultural land was technically waste on which rights of

common were exercised by yeomen, some of whom had
acquired holdings by the ordinary methods of purchase or
inheritance, while others had merely squatted and built

a house on the waste. It is to this period that belongs a
certain injustice to which the peasantry were subject. No
reasonable doubt can be entertained of the necessity of

enclosure. Husbandry, after long stagnation, was making
great advance

; and among others, Mthxa: Young raised

his voice against the clumsy inconvenient common fields

that were the first to be enclosed. Between 1709 and
1797 no fewer than 3110 Acts, affecting, as far as can be
calculated, about 3,000,000 acres, were put into operation.

They seem mostly to have been directed to the common
fields. In the first half of the 19th century the movement
went on apace. In a single year, 1801, no fewer than 119
Acts were passed

;
and between 1801 and 1842 close on

2000 Acts were passed—^many of them expressly directed

to the enclosure of wastes and commons. The same thing

continued till 1869. It touched the peasant directly and
indirectly. The enclosure of the common fields proved
most hurtful to the small farmer; the enclosure of the

waste injured the labourer by depriving him, without
adequate compensation, of such useful privileges as the

right to graze a cow, a pig, geese, or other small animals.

It also discouraged him by tending to the extinction of small

tenancies and freeholds that were no longer workable at a
profit when common rights ceased to go with them. The
industrious labourer could previously nourish a hope of

bettering his condition by obtaining a small holding. Yet,

though the labourer suffered, impartial study does not

I

show any intentional injustice. He held a very weak
position when those interested in a common affixed to the

church door a notice that they intended to petition. As
MrCowper said in the House of Commons on 13th March
1844, “the course adopted had been to compensate the

owner of the cottage to whom the common right belonged,

forgetting the claims of the occupier by whom they were

enjoyed ”
;
and in the same debate Sir Robert Peel pointed

out that not only the rights of the tenant, but those of

his successors ought to have been studied. The course

adopted divorced the labourer from the soil.

S. L— 41
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Parliament, as a matter of fact, had from a very early

period recognized the wisdom of contenting the peasant.

In the 14th century England was a land of small farms

wherein the tenant lived in rude abundance. Next

century a rural exodus began, owing to the practice of

enclosing the holdings and turning them into sheep

walks. In 1487 an Act was passed enjoining landlords to

keep up houses of husbandry,” and attach convenient

land to them. Within the next hundred years a number

of similar attempts were made to control what we may
call the sheep fever of the time. Then we arrive at the

reign of Elizabeth and the famous Small Holdings Act

passed in 1597—an anticipation of the three-acres-and-a-

cow policy advocated towards the end of the 19th century.

It required that no person shall ‘‘ build, convert, or ordain

any cottage for habitation or dwelling for persons engaged in

husbandry ” unless the owner ‘‘do assign or lay to the same

cottage or building four acres of ground at the least.” It

also provided against any “ inmate or under-sitter ” being

admitted to what was sacred to one family. This measure

was not conceived in the spirit of modern political economy,

but it had the effect of staying the rural exodus. It was

repealed in 1775 on the ground that it restricted the

building of cottages. By that time the modern feeling in

favour of allotments had begun to ripen, and it was con-

tended that some compensation should be made to the

labourers for depriving them of the advantages of the

waste. Up to then the English labouring rustic had been

very well off. Eood was abundant and cheap, so were clothes

and hoots
;
he could graze his cow or pig on the common, and

also obtain fuel from it. Now he fell on evil days. Prices

rose, wages fell, privileges were lost, and in many cases he

had to sell the patch of land the possession of which
made all the difference between hardship and comfort.

All this was seen plainly enough both by statesmen and
private philanthropists. One of the first experiments was
described by Sir John Sinclair in a note to the report of

a select committee of the House of Commons on waste

lands in 1795. About 1772 the lord of the manor of

some commonable lands near Tewkesbury had with great

success set out 25 acres in allotments for the use of some
of the poor. Sir John was very much struck with the

result, and so heartily applauded the idea that the com-
mittee recommended that any general Enclosure Bill should
have a clause in it providing for “ the accommodation of

land.” Sir Thomas Bernard and Mr Wilberforce took an
active part in advocating the principle of allotments, on
the ground, to summarize their argument in language em-
ployed later by a witness before the House of Commons, that
“it keeps the cottagersbuoyantandmakesthemindustrious.”
In 1806, at the suggestion of the rector, a clause assigning
an allotment of half an acre to every cottage was inserted
in an Enclosure Bill then under consideration for the parish
of Broad Somerford in Wiltshire. This was done, “and
the example was followed by nearly every adjoining parish
in that part of Wiltshire.” Passing over several praise-

worthy establishments of allotments by private persons, we
come to 1819, when Parliament passed an Act akin in
spirit to several that came into existence during the later

portion of the yictorian era. It empowered the church-
wardens and overseers of any parish, with the consent of
the vestry, to purchase or hire land not exceeding 25 acres,

and to let it in portions to “ any poor and industrious
inhabitant of the parish.” This was amended in 1831 by
an Act extendh^ the quantity of land to 50 acres, and also

conveying an importot new power to enable the same
authorities to enclose from any waste or common land not
exceeding 50 acres to he devoted to the same purpose.
TWs was followed next year by an Act relating to fuel,

and in 1834 the Poor Law Commisaoners reported favoiir-
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ably on the principle of granting allotments. In 1843 an
important inquiry into the subject was made by a com-
mittee of the House of Commons, which produced a number
of valuable suggestions. One consequence was the Bill of

1845, brought into Parliament by Mr Cowper. It passed the
House of Commons

; and there Mr Bright made a remark
that probably summarized a general opinion, since it never
came to a third reading in the House of Lords. He said

that “ the voluntary system of arrangement would do all

the good that was expected to accrue from the allotment
system.”

At this point in the history of the movement it may be
as well to pause and ask what was the net result of so
much legislation and benevolent action. Messrs Tremen-
heere and Tufnall, who prefixed an admirable epitome of
what had been done to the report of the Commission “ ap-
pointed to inquire into the employment of women, young
persons, and children in agriculture” (1867), expressed
considerable disappointment. Between 1710 and 1867,
7,660,413 statute acres were added to the cultivated area
of England and Wales, or about one-third of the area in

cultivation at the latter date
;
and of this total, 484,893

acres were enclosed between 18^45 and 1867. Of the latter,

only 2119 acres were assigned as public allotments for

gardens to the labouring poor. It was found to be the

case, as it is now, that land was taken up more readily

when offered privately and voluntarily than when it came
through official sources. Meanwhile competent and
thoughtful men saw well that the sullen discontent of the

peasantry continued, in Lord Bacon’s phrase, to threaten

“the might and manhood of the kingdom.” It had
existed since the beginning of the Napoleonic wars, and
had become more articulate with the spread of education.

We shall see a consciousness of its presence reflected in

the minds of statesmen and politicians as we briefly

examine the later phase of the movement. This found
expression in the clauses against enclosure introduced by
Lord Beaconsfield in 1876, and gave force to the three-

acres-and-a-cow agitation, of which the more prominent
leaders were Mr Joseph Arch and Mr Jesse Collings. In

1882 the Allotments Extension Act was passed, the object

of which was to let the parishioners have charity land in

allotments, provided it or the revenue from it was not used

for apprenticeship, ecclesiastical, or educational purposes.

A committee of the House of Commons, appointed in

1885 to inquire into the housing of the working classes,

reported strongly in favour of allotments, and this was
followed in 1887 by the Allotments Act—the first measure

in which the principle of compulsory acquisition was ad-

mitted in regard to other than charity lands. Its ad-

ministration was first given to the Sanitary Authority, but

passed to the District Councils when these bodies were

established in 1894. The local body is empowered to hiie

or purchase suitable land, and if they do not find any in

the market they are to petition the County Council, which
after due inquiry may issue a provisional order compelling

owners to sell land, and the Local Government Board may
introduce a Bill into Parliament to confirm the order. It

was found that the Sanitary Authority did not carry out

the scheme, and in 1890 another Act was passed for the

purpose of allowing applicants for allotments, when the

Sanitary Authority failed to provide land, to appeal to the

County Council. Judging from the evidence laid before

the commission on agricultural depression (1894), the

Act of 1887 has not been a conspicuous success. Most of

the witnesses reported in such terms as these— “the

Allotments Act has been quite inoperative in Cornwall ”
;

“the Act has been a dead letter in the district (Wigtown-

shire) ”
;
“ the Allotments Act has not been in operation

in Flintshire ”

;

“ nothing has been done in the district of
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Pembrokeshire under the Act.” No evidence whatever
was adduced to show that in a single district a different

state of things had to be recorded. Prom a return pre-

sented by the Local Government Board to Parliament in

1896 we learn that eighty-three rural sanitary authorities

had acquired land for allotment prior to the 38th Decem-
ber 1894, the date at which these authorities ceased to

exist under the provisions of the Local Government Act
1894. Land was acquired by compulsory purchase in

only one parish; by purchase or agreement in eighteen

parishes; by hire by agreement in 132 parishes. The
total acreage dealt with was 1836 acres 1 rood 34 poles,

and the total number of tenants 4711. The number of

County Councils that up to the same date had acquired

land was twelve, and they had done so by compulsory
purchase in one parish, by purchase or agreement in five

parishes, by hire by agreement in twenty-four paiishes.

The total area dealt with was only 413 acres 1 rood 5
poles, and the total number of tenants 825. The com-
plete totals affected at the date of the return, 31st August
1895, by the Acts, therefore, were 2249 acres 3 roods 39
poles, and 5536 tenants. A considerable extension has
taken place since, but befoie dealing with that point a
word should be said of a measure closely akin to the allot-

ments legislation—viz., the Small Holdings Act introduced
by Mr Henry Chaplin, and passed by Parliament in 1892,

It was an attempt to appease the rural discontent that

had been seething for some time past and was silently

but most eloquently expressed in a steady migration from
the villages*

* The object of this measure was to help the deserving

labouring man to acquire a small holding, that is to say,

a portion of land not less than one acre or more than fifty

acres in extent and of an annual value not exceeding £50.
It is not necessary here to describe the legal steps by
which this was to be accomplished. The essence of the

bargain was that a fifth of the purchase money should be
paid down, and the remainder in half-yearly instalments

spread over a period not exceeding fifty years. But if

the local authority thought fit a portion of the purchase

money, not exceeding one-fourth, might remain unpaid,

and be secured by a perpetual rent charge upon the

holding. It cannot be said that this Act has attained

the object for which it was drawn up. From a return

made to the House of Commons in February 1898 we
obtain a statement of the working of the Allotments and
Small Holdings Acts between the 37th December 1894
and the 24th of June 1897, Of this document the

following is a summary.
Land was acquired for allotments between the 27th

December 1894 and 24th of June 1897 by

—

3 county councils: (a) in two cases by purchase by
agreement, the land handed to parish councils to

manage
;

{b) in one case hiring by agreement.

Total acreage, 33 acres 38 poles—^let to forty-five

tenants.

3 councils of county boroughs : one case of purchase,

three of hiring by agreement. Total acreage, 42
acres 2 roods 23 poles—^let to 171 tenants.

120 urban district councils: (a) in 17 cases purchase

by agreement; (b) in 118 cases hiring by agree-

ment. Total acreage, 1591 acres 3 rood^s 4 poles

—

let to 6644 tenants.

9 rural district councils ; four cases by purchase, seven

by hire. Total acreage, 160 acres 2 roods 18 poles

—

let to 288 tenants.

1009 parish councils: (a) in six cases by compulsory
hiring

;
(b) in 1022 cases by hiring by agreement.

Total acreage, 12,967 acres 2 roods 24 poles—let

to 24,389 tenants.
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4 parish meetings : by hiring by agreement. Total
acreage, 19 acres 17 poles—let to 47 tenants.

1 metropolitan vestry: by hiring by agreement. 4
acres 2 roods 12 poles—^let to 79 tenants.

^ In this period, therefore, local authorities have acquired
for allotment 14,818 acres—^let to 31,663 tenants; but
61 county councils, 61 councils of county boroughs, 963
urban district councils, 692 rural district councils, 6361
parish councils, and 5733 parish meetings had not acquired
land for allotment.

These facts are not highly encouraging to those who
would wish to see every workman in possession of an
allotment

;
but the results of the Small Holdings Act are

trivial in comparison. Within the same period only three

county councils had acquired land in six parishes for

small holdings
;
in one it was by purchase, in the other

five by hire, and the total acreage amounted to only 120
acres 3 roods 5 poles—^let to 45 tenants.

It is, however, an English characteristic to prefer

private to public arrangements, and probably a very great

majority of the allotments now being cultivated are due
to individual initiative. There are no means of arriving

at the actual facts, but data exist whereby it is at least

possible to form some rough idea of them. It is not the

custom to give in the annual agricultural returns any
statement of the manner in which land is held, and the
latest information is to be found in the returns presented
to Parliament in 1895. From these we get the follow-

ing table, which will enable the reader to compare the
numbers of large and small holdings, and understand how
land is held :

—

From 1 to
5 Acre's

From 5 to
50 Acres.

Aljove 50 Acres.

No. Acieage. No. Acreage No. Acreage.

England . .

Wales . . .

Scotland . .

1 Great Bntam
'

ST,055
10,763
20,150

265,208
S6,6-Ja

65,891

170,591
80,969
38,921

8,288,669
635,024
608,930

122,533
18,566
25,568

21,290,761
2,167,702
4,219,645

117,968 366,792
j

235,481 4,532,623 160,657 27,678,098

It would appear from this that, whereas 27J million

acres are held in large holdings, scarcely five million

acres are in small holdings. The proportion varies greatly

according to the district. Some counties, such as Cheshire

and Worcester, are rich in small holdings
;
while others

—

Westmoreland and Devonshire, for example—contain few.

We may assume, however, that the allotments do not

come into the table at aU. They are separately tabulated

as holdings of land not exceeding an acre in extent. They
may be summarized as follows :

—

Under 1 Acre. Of 1 Acre.
Total of 1 Acre

and over.

England , .

Wales . . .

Scotland . .

Great Britain

522,163

12,179
7,648

34,459

1,095

1,589

556,622
18,274
9,287

541,990 37,143 679,133

These figures are useful, but they should be taken as

only approximate. It is in the nature of the case that

there should be much fluctuation in the number of these

tiny plots, movement of population and other causes

frequently leading to whole nests of them being deserted

by the original occupiers and turned into ordinary fields

’^igain. A large proportion of them are held by per-

sons not engaged in agriculture, but following other pur-

suits : witness the fact that they are most numerous
in proportion to every 1000 acres cultivated in Notting-

ham, Northampton, and Leicester. Very often an allot-

ment is more acceptable to a village tradesman, a carpenter,

bootmaker, or miner, than to a farm-servant. Work on it
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to the latter represents only a continuation of the day's

drudgery, while it is a pleasant change and relief to the

former. Further, local conditions have much to do with

their popularity. In practice, it is not found that a

[NToithumbrian hind cares much for an allotment. He
has a thousand or fifteen hundred yards of potatoes grown

with his master's crop, and he gets meal and fuel as part

of his wages. Better still, he has a twelve months' engage-

ment for “rain or shine, sickness or health”
;
but where

perquisites are not given on a scale so liberal, and wages

are lower and engagements from week to week—even from

day to day, as in some of the eastern counties of England,

—then naturally the advantages of the allotment are

much more highly prized.

Apart from those created by legislation, there are many
groups of small agricultural holdings that have either come

to exist naturally or have been made during the last few

years. Cheshire is a county wherein the former prevail.

A typical estate in it is that of Lord Egerton of Tatton.

This is divided into 189 holdings, of which 117 are of less

than 50 acres and 72 are under 10 acres. Even in a

county so notable for its excellent pasture a man could

scarcely manage to live on one of these last-mentioned

holdings
;
and, as a matter of fact, those who have them are

either agricultural labourers or possess some other means
of earning a livelihood; but the land forms a valuable

supplement to wages. One point of importance is that

nowhere are large healthy families more prized than on
these small holdmgs, where the girls at a very early age

i

learn to look after the poultry and attend to the lighter ;

duties, while boys are set to harder tasks. It has been

observed that in portions of England where farm labour

is badly paid, and the men have no land, children are

regarded as burdens and misfortunes. The Peckforton

estate of Lord ToUemache differs from that of Lord
Egerton, inasmuch as pains have been taken to make small

holdings on it. There are over 250 cottages, to which as

much land is attached as enables the occupier to keep a cow,

and the sale of milk and butter brings in enough to pay
the rent and vastly improve the food supply of the cottage.

As there are over 120,000 holdings of less than 50 acres in

Cheshire, it will be understood that the estates mentioned
are typical of others. The Isle of Axholm, in Lincoln-

shire, has long been famous for its small holdings, and as

they are to a great extent cultivated on the open-field

system they are probably of great antiquity. In the
parish of Epworth there are 421 agricultural holdings, of
which 356 are under and 65 over 20 acres in extent

;
in the

parish of Haxey, 574 agricultural holdings, 475 under and
99 over 20 acres; in West Butterwick, 132 agricultural

holdings, 109 under 20 acres and 23 over. It would
appear that the tendency is towards subdivision. Most of
the land is held in strips, and at the owner's death these
are often sold separately. During the worst of the
depression a great amount of suffering was felt, but
recently accounts have been more cheerful Lord Savile's

estate in Yorkshire is an outstanding example of land in
small holdings. It consists of 10,848 acres, held in 682
tenancies, averaging about 16 acres each. Experience
there seems to show that a man requires about 30 acres of
ordinary agricultural land in order to obtain a living

from it.

To these examples of small holdings, it may be useful
to add an account of the manner in which one set was
formed

; and we select for the purpose that at Winterslow,
in Wiltshire, chiefly for the reason that, save for a little

guidance, the men worked out their own salvation. Major
Poore, who originally conceived the idea, has not been a
penny out of pocket on account of it. When land was
cheap in 1892, owing to the depression in agriculture, he
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purchased an estate. The price came to an average of

ilO an acre, and he made the average for selling it out
again .£15 on a principle of instalments. But his object

was not to make any profit from the transaction, and
he formed what is termed a Landholders' Court, formed of

the men themselves, every ten choosing one to represent

them. This court was found to act well. It collected

the instalments, which are paid in advance; and of
course the members of it, down to the minutest detail,

knew not only the circumstances, but the character of
every applicant for land. The result speaks for itself.

Early in 1901 there were no arrears, and the expenses,

having proved only trivial there was a balance of £666
in favour of the court, and about £150 had been spent
in sinking a well. This fund has the very great advan-
tage of establishing a common interest in the holders

and mducing them to stick together. Various sums
have been lent out on mortgage, and, were a neighbour-
ing village to wish it, the Winterslow holders are pre-

pared to listen to an application for a loan. It should
be added that all the owners are, in the true sense of the

word, peasants. They do not depend on the land for a
living, but work in various callings—^many being wood-
men—^for wages that average about 15s. a week. The
holdings vary in size from less than an acre to ten acres,

and are technically held on a lease of 1999 years, practi-

cally freehold, though by the adoption of a leasehold form
a saving was effected in the cost of transfer. On the
holdings most of the men have erected houses, using for

the purpose chalk dug up from their gardens, it lying only
a few inches below the surface.. It is not rock, but soft

chalk, so that they are practically mud walls
;
but being

as a rule at least 18 inches thick, the houses are very cool

in summer and warm in winter. Major Poore calculates

that in seven years these poor people—there are not

thirty of them altogether—^have managed to produce for

their houses aud land a gross sum of not less than £5000.
This he attributes to the loyal manner in which even

distant members of the family have helped.

It remains to give a brief outline of what small hold-

ings are like outside Great Britain. From the results of

the Belgian Agricultural Inquiry of 1895 the following

table has been compiled, assuming that one hectare =
2^ acres :

—

Size of Holding.

Occupied by Owner. Occupied by Tenant.

Total.

Whole.
More than

half.

More than
half.

Whole.

ftcres and under

.

it it ^ acres

& » „ 10 „
10 ,> 50 ,,

60 or 100 acres .

Over 100 „

No.
109,169
27,395
12,089
16,690
2,021
903

No.
8,759
19,544
13 873
18,909

1,497
i

470

No.
84,779
58,829
30,340
33,443
3,315
1,417

No.
305,413
70,465
25,006
28,387
4,617
2,395

No.
458,120
176,283
83,308
97,429
11,350
5,185

Total 168,267 63,052 162,123
1

436,183 829,625

It win be seen from this table that Belgium is pre-

eminently a country of small holdings, more than half of

the total number being under 50 acres in extent. Of
course it is largely a country of market gardens

;
but as

the holdings are most numerous iu Brabant, East and
West Flanders, and Hainault, the provinces showing the

largest number of milch cows, it would seem that dairying

and la petite mltwre go together.

In Germany, the number of small holdings is propor-

tionately much larger than in Great Britain. The re-

turns collected in 1895 showed that there were 3,235,169,.

or 58‘22 per cent, of the total number of holdings under

5 acres in area; and of these no fewer than 11 per cent,

are held by servants as part of their wages, A tables

compiled for the Jimrml of the Boa/rd of Agrimltwre
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enables us to compare tbe other holdings with those of

Great Britain :

—

Size of Holdings.

Germany. Great Britain.

Number. Per cent Number. Per cent

5 to 60 acres 2,014,940 86*8 235,481 58*6

50 to 500 ,, 292,982 12*6 161,438 40*1

Over 500 „ 13,809 0*6 5,219 1*3

i

Total .

1

2,321,731 100 402,138 100
1

Great Britain, it will be seen, has over 40 per cent, of

large farms of between 50 and 500 acres as compared with
Germany’s 12*6, while the latter has 86*8 of small hold-

ings, compared with England’s 58*6.

France also has a far larger proportion of small

holdings than Great Britain; its cultivated area of

85.759.000 acres being divided into 5,618,000 separate

holdings, of which the size averages a little over 15 acres

as against 63 in Great Britain. Of the whole number,

4,190,795 are farmed by the ovmers, 934,338 are in

metayage, and 1,078,184 by tenants. The leading

feature is the peasant proprietary. Half of the arable,

more than half of the pasture, six-sevenths of the vineyards,

and two-thirds of the garden lands are farmed by their

•owners. Comparison with Great Britain is difficult
; but

it would appear that, whereas only 11 per cent, of British

520.000 agricultural holdings are farmed by the owners,

the proportion in France is 75 per cent. A further point

to be noted is that the average agricultural tenancy in

France is just one-fourth of what it is in Great Britain,

and the average owner-farmed estate only one-sixth.

Those interested in the formation of small holdings in

Great Britain will find much to interest them in the

history of Danish legislation. British policy for many
generations was to preserve demesne land, and there are

many devices for insuring that a spendthrift life-owner

shall not be able to scatter the family inheritance
;
but as

long ago as 1769 the Danish legislators set an exactly

opposite example. They enacted that peasant land should

not be incorporated or worked with estate land ; it must
always remain in the ownership and occupation of peasants.

In this spirit all subsequent legislation was conceived, and
the allotment law that came into force in October 1899
bears some resemblance to the English Small Holdings

Act of 1892. It provides that labourers able to satisfy

certain conditions as to character may obtain from the state

a loan equal to nine-tenths of the purchase-money of the

land they wish to acquire. This land should be from 5

to 7 acres in extent and of medium quality, but the limits

are from 2f to lOf acres in the case of better or poorer

land. The total value should not exceed 4000 kr. (£222).

The interest payable on the loan received from the state

is 3 per cent. The loan itself is repayable after the first

five years by annual instalments of 4 per cent, until half

is paid off
;
the remainder by instalments of 3^ per cent.,

including interest. Provision is, however, made for cases

where the borrower desired to pay off the loan in larger

sums. Eegulations are laid down regarding the transfer

of such properties and also their testamentary disposition.

The Treasury was empowered to devote a sum of 2,000,000
kroners (£11 1,000) to this purpose for five years

;
after that

the land is subject to revision.

Even before this law was passed Denmark was a
country of small holdings, the peasant farms amounting
to 66 per cent, of the whole, and the number is bound to

increase, since the incorporation of farms is illegal, while

there is no obstacle to their division. Between 1835 and
1885, the number of small holdings of less than one ton-

dekarthorn increased from 24,800 to 92,856. What gives
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point to these remarks is, that Denmark seems in the way
to arrest its rural exodus, and was one of the first coun-

tries to escape from the agricultural depression due to the

extraordinary fall in gram prices.

Authorities —Walter of Henley’s Husbandry,—The Eng-
lish Village by Frederic Seebohm.—Annals of
AgncuUure, by Arthur Young.—The Agricultural Labourer, by
T. E, Kebbel.—Report on the Employment of Women and Children
in Agriculture, 1867 (historical sketch by Messrs Tremenheerb
and Tufnall).

—

A Study of Small Holdings, by W. E. Bear.

—

The Law and the Labourer, by C. W. Stubbs. — “Agricultural
Holdings in England and Abroad," by Major Craigie {Statistical

Society's Journal, vol. 1.) (p, a. G.)

Alloys.—The derivation of this word is very clear.

The old French alei, which was retained in the Norman as

allai or ala% comes from alleiwn or alaium, the original

being probably ad-ligo {alUgo\ to bind together. In the

modern sense it would be difficult to find a better de-

scription of the nature of an alloy than that given by the

metallurgist Biringuccio in 1540, who says that an alloy

only signifies an intimate association of one metal with
another.

From a modem point of view the question immediately
arises whether the associations of metallic elements give

results which are in any way different from the jvietais

union of a metal with a non-metal. Though the and non-
whole tendency of modern work has been to petals,

break down the barrier between metals and non-metals,

still in some ways alloys appear to present a special case of

union. Metallic vapours are miscible with any other gas,

but metals and non-metals do not seem to unite to

form a liquid or solid solution. Nor, it should be re-

membered, do all metals mix and form a solid mass which
is uniform in composition. It has been held that there is

no non-metallic solvent for a metal which acts without
recognizable chemical action, or one from which the pure
metal can be obtained by crystallization. Metallic com-
pounds will, however, dissolve readily in metals; thus,

cuprous oxide dissolves in metallic copper. Metallic

sulphides again will dissolve in metals, e,g,, silver sulphide

in lead, and lead in sulphide of lead, and the sulphides will

crystallize out from the metallic solvent. In this way
bismuth sulphide crystallizes from bismuth. The solu-

biliiy of carbon in iron, and its separation as graphite from
the solvent, is a fact of great industrial importance. It is

also considered that no isomorphous mixture of a metallic

and a non-metallic substance is known. The molecular

structure of a metal appears, therefore, to present some
differences from that of a non-metal. Metals possess a
characteristic property of conducting electricity without an
attendant transfer of matter. This is known as metallic

conduction. It has been shown that the diffusion of one
metal into another can take place in solid metals at com-
paratively low temperatures, that is, at temperatures which
are far below the melting-points, either of the metals

undergoing diffiision, or of the alloys which result from their

union. In comparatively recent years a large amount of

attention has been devoted to tbe investigation of the

properties and constitution of alloys.

In ordinary cases the constituent metals of alloys are

united by melting them together and stirring the molten
mass. The action is, however, far from being

a simple one, as the union is not merely due to

the mechanical stirring, but to the fact that the

metals dissolved in each other become spread umformly by
true diffusion. In some cases, the constituent metals of an
alloy which are miscible when fluid, separate if the fluid mass

is allowed to rest, while in other cases partial separation

occurs even after the bulk of the mass has become solid

It sometimes happens that metals will unite at tempera-

tures which are far below those required to fuse them
;
to
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the union so effected the term cementation is applied. A
very interesting observation was made in 1820 by Paraday

and Stodart, who in the course of an investigation on the

alloys of iron with other metals, note their failure to pro-

duce certain alloys by cementation, but consider it “remark-

able” that platinum will unite with steel at a temperature

at which the steel is still solid. This early recognition

of the fact that alloys can be produced by cementation is

very curious, and shows that Faraday and Stodart had

observed a creeping molecular action to occur at a tem-

perature below the fusing-point of either platinum or

carburized iron. So long ago as 1878 W. Spring showed

that under a pressure varying from 13 to 47 tons per square

inch, metallic filings will unite into solid masses which

under pressure behave like fluids and truly flow through
j

the apertures of the receptacle in which they are com-

pressed. This fact lends support to the view that cohesion

is a form of chemical afl&nity. By compressing, in a finely

divided state, 15 parts of bismuth, 8 parts of lead, 4 parts

of tin, and 3 parts of cadmium, an alloy is produced which

fuses at 100“ C. Hallock found that metals might be

united without pressure, if they were heated to the melting-

point of the alloy to be formed, that is, to a point which

as a rule is much below the melting-point of the least

fusible constituent.

It has long been known that brass may be formed by electro-

deposition fiom a solution containing copper and zinc. In this

connexion J. B. Senderens has made a very interesting series of

experiments on the precipitation of one metal from solution by
another metal. He points out that Kiehter in his researches,

published between the years 1796-99, was led to the promulgation
of the law which is now expressed as follows: “Metals are pre-

cipitated from their saline solution atom for atom of the same
valency.” Senderens shows that this is not rigorously accurate,

since the amount of the precipitating metal is always in excess.

Thus, in the well-known reaction employed in refineries for the
precipitation by copper of silver from sulphate solutions, in

accordance with the equation—AgS04+Cu=Ag 4-CuS04,
if the

solution of sulphate of silver contains 4
'5 grammes of the salt in a

litre of water, a plate of copper immersed in it for seven days will

he found to have lost 0'012 gramme more than theory demands.
Senderens shows that this fact is of singular interest in relation to
the allotropy of iron, but bis work is quoted here on account of its

bearing on the formation of alloys in the “wet way.” Several
chemists, among whom Planch4 and Brugnatelli may be specially

mentioned, have thought that alloys mi^t he so prepared, while
Gay-Lussac at first favoured that opinion, but abandoned it later.

So long ago as 1857, in a remarkable paper on “The Reciprocal
Precipitation of Metals,” Odling showed that a piece of copper
coated with cadmium, and a coil of copper and cadminm foils

rolled np together, behave very differently when treated with
hydrochloric acid, the metallic deposit of cadmium partaking of
the character of an alloy. Such precipitation of one metal on
another he attributes to the affinity of one metal for the other. He
in fact formed alloys in the “wet way.” More recently Mylius
and Fromm have shown that alloys may he precipitated from dilute
solutions by zinc, cadmium, tin, lead, and copper. Thus a strip of
zinc plunged in a solution of sulphate of silver containing
not more than 0*03 gramme of silver in the liti’e, becomes
covered with a floeculent precipitate which is a true alloy of silver
and zinc, and in the same way, when copper is precipitated from
its sulphate by zinc, the alloy formed is brass. They have also
formed certain alloys of definite composition such as AuCds,
Cu2Cd, and, more interesting still, CusSn. If volatile metals in
the form of vapour are brought in contact with non-volatile metals
union will in many cases ensue. It has been shown that alloys of
platinum and palladium with cadmium, zinc, and magnesium may
be so produced.

In tbe classical monograph on alloys published by
Matthiessen in I860 {Phil, Tram, JR, SJ), it was clearly

Alloys as stated that alloys must be considered to be solidi-

soiia fied solutions. FewgeneraHzations have beenmore
soiatJoos. fruitful in results, and much modem work has
b^n devoted to the development of the view. The con-
stitution of solutions has been very closely studied in
ie(^nt yeaJTS, and from the point of view of their jEreezing-

points F, Guthrie has shown that solutions of metals in
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each other behave like ordinary aqueous solutions of salts.

His actual results for solutions of common salt in water
are given in Fig. 1.

If, for instance, a

thermometer be

placed in a 10 per

cent, solution of

salt in water which
is being slowly

cooled by means
of an external

freezing mixture,

the mercury will halt in its fall at about 8° C., owing
to the separation of pure salt-free ice. This gives the
point d on the branch AB. The mercury then continues
to fall until the temperature of 22“ C, is reached, and
the cryo-hydrate or eutectic of ice and salt solidifies. This
eutectic, as has been abundantly shown, consists merely of

a very intimate mixture of ice and salt in juxtaposition. As
the degree of concentration of salt in the original solution in-

creases, the initial freezing-point on the branch AB will be-

come lower and lower, while the second freezing point always
remains constant at — 22“ C.

;
and when the solution con-

tains 23*5 per cent, of salt, both freezing-points coincide in

the point B at - 22“ C. The salt branch of the diagram is

a very steep one, because the melting-point of pure salt is

above 700“ C. Take on this branch a point e representing

water containing more salt than 23*5 per cent., say 25 per
cent. In this case the first solid to separate on cooling is

pure salt, and it does so at - 12“ C, which, for this degree of

concentration is the first halting stage of the thermometer

;

the second is, as before, the solidification of the eutectic of

salt and ice, which always has the same composition, and
freezes at the same temperature, namely 22“ C. The
diagram therefore has two branches joining at B a
horizontal line. This curve has been described at some
length, because curves representing the freezing-points of

any series of alloys may be derived in the same way.
Guthrie considered that alloys in cooling behave like a
cooling mass of clear molten granite. This would throw
off in cooling “ atomically definite ” bodies, leaving behind
a fluid mass not definite in composition, since the quartz

and felspar undergo solidification before the mica. In
alloys much the same thing happens, for when a molten
mass of lead and bismuth, or bismuth and tin, cools, a
certain alloy of the metal falls out, just as the quartz and
felspar did, and ultimately the most fusible alloy of the

series is left. This is called by Guthrie the eutectic alloy,

but the proportions between the constituent metals are not

atomic, and Guthrie pointed out that “the preconceived

notion that the alloy of minimum temperature of fusion

must have its constituents in simple atomic proportions,

and that it must be a chemical compound, seems to have
misled previous investigators ”

;
but he adds “ that certain

metals may and do unite with one another in the small

multiple of their combining weights, may be conceded;

the constitution of eutectic alloys is not in the ratio of any
simple multiple of their chemical equivalents, but their

composition is not on that account less fixed, nor are their

properties the less definite.” The constitution of eutectic

alloys as revealed by the microscope will be dealt with in

the article on Metallographt.
Mendel^eff regards solutions as strictly definite atomic

chemical combinations at temperatures higher than their

dissociation temperatures. Definite chemical substances

may be either formed or decomposed at temperatures which
are higher than those at which dissociation begins; the

same phenomenon occurs in solutions. In order to show
how close the relation is between freezing solutions of salt

in water and in an alloy, no simpler case could well be taken

c.
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than the lead-tin series given in Fig. 2. It represents, more-
over, a series in which, the freezing-points are well within

range of the ordinary mer-
curial thermometer, and of

which the complete freez-

ing-point curve is exactly

of the same order as that

which represents the freez-

ing of a solution of salt, as

Eoberts-Austen has shown.
For alloys of which the

melting-points are beyond
the range of the ordinary mercurial thermometer, some
forin of pyrometer must be employed. Heycock and
Neville, in a very elaborate and prolonged series of
investigations on the freezing - point curves of alloys,

have used the platinum resistance pyrometer, and they
determine the points at which alloys solidify or metallic

constituents fall out of solution by noting the points
at which the electrical resistance (as measured by a
Wheatstone Bridge) remains constant. Eoberts-Austen,
on the other hand, has devised a recording pyrometer for

use with a thermo-junction. This instrument traces auto-

graphically on a sensitized plate the cooling curve of any
definite alloy, the halting places corresponding to the
arrests in the fall of the mercurial column in an ordinary
thermometer being indicated by more or less horizontal

portions. H. le Chatelier has thrown much light on the
question of the fusibility of alloys. He points out that

in considering them as solutions it is necessary to modify
the view in which ordinary solutions are regarded. In
ordinary chemical language, it is usual to distinguish the
solvent from the body which is dissolved, but really the
two bodies play the same part. Many aqueous solutions,

as he shows, can exist below the freezing-point of water

:

that of chloride of calcium, for instance, which is liquid

down to - 55* C. He demonstrates that the typical curves

which represent the fusibility of alloys have in each case

corresponding curves in saline solutions, and in confirma-

tion quotes experiments by Loewel and Bakhuis-Eoozeboom,
together with his own results, especially referring to the
freezing-point curves of isomorphous mixtures of certain

organic substances first recorded by Kuster. The result of

Le Chatelier’s very interesting work is the division of the
freezing-point curves of alloys into the following classes :

—

In the first the metals dissolving each other give neither

definite compounds nor isomorphous mixtures. The curves

of this class consist of two branches as is shown by the
lead-tin curve in Fig. 2, in which composition and tem-
perature are co-ordinates, and it would appear that when
a curve is composed of two branches only it is safe to

conclude that after solidification the two isolated metals
are simply in juxtaposition.

In the second case, the two ^
metals give rise to one or %
more definite compounds. S

Here, as in the case of a 5
solution of sulphate of soda t

in water, one branch of the f
curve is peculiar and char-

acteristic. If the compound
which is formed between the

two metals fuses without dissociation, there will be a maxi-
mum point in the curve which corresponds to the definite

compound, and the curve will be of the form shown by
Eoberts-Austen’s gold-aluminium curve in Fig. 3. H. le

Chatelier has found similar curves for the copper-tin

alloys. In the case of the aluminium-gold series the
maximum point occurs, as Fig. 3 shows, at the alloy

AuAlg the freezing-point of which is higher than that
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of pure gold itself. If the compound formed in the alloy

is dissociated, the portion of the curve which marks it'>

presence will be rounded.

With regard to the gold- u

aluminium series, Heycock a

and Neville have shown that g
it presents a very compli- g;

cated case, as not merely 5
one compound (AuAl^), but 1-

several compounds of gold

and aluminium are formed.

In the third case, the two
metals which are dissolved in each other form isomorphous
mixtures. In this group the freezing-points of the alloys

of the series lie on a straight line, Fig. 4, as do the silver-

gold alloys examined by Schertel. This question is very
important, and Gautier has given several instances of such
isomorphous alloys, among which that of antimony and
bismuth may be cited.

Metals do not appear to have been studied from the

point of view of surfusion until 1880, when A. D. van
Eiemsdijk showed that gold and silver would
both pass below their actual freezing-points

without becoming solid. Eoberts-Austen pointed out that

surfusion might be easily measured in metals and in alloys

by the sensitive method of recording pyrometry to

which reference has already been made. He also showed
that the crossing of curves of solubility which had already

been observed by H. le Chatelier and by Dahms in the

case of salts could also be measured in the lead-tin alloys

(Fig. 2). The investigation of the mutual relations of

partially miscible liquids due to Alexejew, Konovalow,
and to Duclaux was extended to alloys by Alder Wright.
The addition of a third metal will sometimes render the
mixture of two other metals homogeneous. Heycock and
Neville proved that when one metal is alloyed with a small
quantity of some other metal the solidification obeys the

law of Eaoult. They also showed that the molecule of a

metal when in dilute solution often consists of one atom.

There are, however, numerous exceptions to this rule. In
the case of aluminium dissolved in tin and mercury or

bismuth in lead, it is at least probable that the molecules

in solution are AI
2,

Hgg, and Big respectively, while tin

in lead appears to form a molecule of the type Sn^.

Matthiessen in the paper already referred to showed that

the electrical conductivity of all alloys may be represented

graphically by three types of curves. Gold and Blectricai
silver alloyed afford an instance of the first of conduce

these types, there being a rapid decrease in the tivity,

conductivity (or increase in the resistance) when either

silver is added to gold or gold to silver. The tin-

copper alloys are, as regards electrical conductivity, types

of the L-shaped curve. There is a rapid diminution of

conductivity when tin is added to copper, and at a certain

point there is an abrupt bend, and the curve proceeds

more or less horizontally. More recent work has, however,

shown that there are certain breaks where the definite

compounds SnCug and SnCu^ occur. The conductivities

of tin and lead are both low, and the lead-tin series is

represented by a straight line connecting the two metals.

The conductivity curve of these alloyed metals represents

the third type. For the details reference must be made
to Matthiessen's memoir. At low temperatures, Dewar
and Fleming have shown that the conductivity of pure

metals increases greatly as the temperature is diminished.

Gold, in the purification of which elaborate precautions

were taken, appears to present a very good instance. On
the other han^ the conductivity of allays does not increase

with diminution of temperature in the same manner, and
a marked contrast between the behaviour ot metals and

Fig. 2.

Fig. 3.

Fig. 4.
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alloys is thus presented. Rayleigh has pointed out that

this difference may arise from the heterogeneity of alloys.

When a current is passed through an alloy, a series of

Peltier affects, proportional to the current, are set up

between the particles of the different metals, and these

create an opposing electromotive force which is indis-

tinguishable experimentally from a resistance. If the

alloy were a true chemical compound the counteracting

electromotive force should not occur, and experiments in

this direction are much needed. Roberts-Austen has

shown that in the case of molten alloys the conduction of

electricity is apparently metallic, no transfer of matter

attending the passage of the current. A group of bodies

may, however, be yet discovered between alloys and

electrolytes in which evidence may be found of some

gradual change from wholly metallic to electrolytic con-

duction. Laurie has determined the electromotive force of

a series of copper-zinc, copper-tin, and gold-tin alloys, and

as the result of his experiments he points to the existence of

definite compounds. Explosive alloys have been formed

by Deville and Debray in the case of rhodium, iridium,

and ruthenium, which evolve heat when they are dissolved

in zinc. When the solution of the rhodium-zinc alloy is

treated with hydrochloric acid, a residue is left which under-

goes a change with explosive violence if it be heated tn

vacuo to 400“. The alloy is then insoluble in “aqua
regia.’’ The metals have therefore passed into an insoluble

form by a comparatively slight elevation of temperature.

The feature of the period from 1875 to 1901 has been

the increased attention which has been devoted to the ap-

jadustriai plications of the rarer metals. Thus nickel,

sppiica- which was formerly used in the manufacture
thus. of “ German silver ” as a substitute for silver, is

now widely employed in naval construction, and in the

manufacture of steel armour-plate, projectiles, and, when
alloyed with copper, the envelopes of bullets. Manganese
not only forms with iron several alloys of great interest,

but alloyed with copper is used for electrical purposes.

Chromium also, in comparatively small quantities, is taking

its place as a constituent of steel axles and tyres, and in

the manufacture of tool-steel. Vanadium, molybdenum,
and titanium may be expected soon to play an important

part in the constitution of steel. Titanium is alloyed in

small quantities with aluminium for use in naval archi-

tecture. The importance is now widely recognized of con-

sidering the mechanical properties of alloys in connexion
with the freezing-point curves to which reference has already
been made, but the subject is a very complicated one, and
all that need be said here is that when considered in

relation to their melting-points the pure metals are con-

sistently weaker than alloys. The presence in an alloy of a

eutectic which sohdifies at a much lower temperature than
the main mass, implies a great reduction in tenacity,

especially if it is to be used above the ordinary temperature
as in the case of pipes conveying super-heated steam. It

may also be stated that alloys of metals with similar melting-
points have higher tenacity when the atomic volumes of
the constituent metals differ than when they are nearly
the same.

For further infomatiou the reader may refer to :

—

Robeets-
Afstbn. Reports i. to vi to the Alloys Jtesearch Oomm/ittee oftM
IifistiMion of MecJumicaX Engineers, London, 1891 to 1899 ; Iwtro-
duction to Study of Metallwrgy, London, 1898 (see section devoted
to Alloys for references to foreign papers).

—

Cantor Lectures on
AUoys delivered at the Society of Arts, 1884-1901.—Hetcock and
IfEvinLE. Various papers Transactims of the Jdayal Society and
Journal of the ChcTniuicd Society, 1890 to the present time.

—

OsMoiTD, Lb Chatebibr, Chabpy, and Others. Bull. soc. de
Vecuiou/ragcincnt ipom/t VvnjdM^rxe TudionaZe, Paris (various papers
1880 to present year, especially last ten years).—Robbets-Austek
and Stajjsbibli). “La constitation des alHages mdtalhques,’*

of ^ Bhysteal Congress, Paris, 1900, vol. i. Gauthier

Villars, Paris.—W. Spring. Bull, de Vacad. roy, de Belgique, 1878
to recent years,—^R. H. Thurston. Materials of Engineering
Wiley, New York. (w. C. R -A )

Allport, Sir James Joseph (1811-1892),
English railway manager, born 27th February 1811, was a
son of William Allport, of Birmingham, and was associated

with railways from an early period of his life. In 1843 he
became general manager of the Birmingham and Derby Rail-

way,and in the following year succeeded to the same position

on the Newcastle and Darlington line. Six years later he
assumed the charge of the Manchester, Sheffield, and
Lincolnshire (now the Great Central) Railway, and finally,

in 1853, was appointed to the general managership of the
Midland Railway—an office which he held continuously,

with the exception of a few years between 1857 and 1860,
until his retirement in 1880, when he became a director.

During these twenty-seven years the Midland grew to be
one of the most important railway systems in England,
partly by the absorption of smaller lines and partly by
the construction of two mam extensions—on the south
to London and on the north to Carlisle—whereby it

obtained an independent through-route between the metro-

polis and the north. In the railway world Sir James
Allport was known as a keen tactician and a vigorous

fighter, and he should be remembered as the pioneer

of cheap and comfortable railway travelling. He was
the first to appreciate the importance of the third-class

passenger as a source of revenue, and accordingly, in

1872, he inaugurated the policy—subsequently adopted
more or less completely by all the railways of Great
Britain—of carrying third-class passengers in well-fitted

carriages at the umform rate of one penny a mile on all

trains, even the fastest. The diminution in the receipts

from second-class passengers, which was one of the results,

was regarded by some authorities as a sign of the unwisdom
of his action, but to him it appeared a sufficient reason

for the abolition of second-class carriages, which therefore

disappeared from the Midland system in 1875, the first-

class fares being at the same time substantially reduced.

This innovation too has been followed by other com-
panies, though not with the same unanimity as attended

his earlier reform. He was also the first to introduce the

Pullman car on British railways. Allport received the

honour of knighthood in 1884. He died in London on
25th April 1892. (h. m. b.)

Alma.da.5 a town of Portugal, district Lisbon, on

the left bank of the Tagus, immediately opposite Lisbon,

with manufactories of cork. It was founded by English

crusaders in the reign of Affonso Henriques. Population

about 7000.

Almaden, or Almadbn del Azogtje, a town of

Spain, in the province of Ciudad Real, in the Sierra Moreno.

In the latter part of the 19th century the Almaden quick-

silver mines were leased by the state to the house of Roth-

schild, whose contract expired in 1900, but who stiU seU the

quicksilver for the Spanish Government. The town has a

good hospital, schools, and other buildings. Care is taken to

minimize the effects of the fumes on the operatives, whose
health is very rapidly and seriously impaired. Hence the

custom formerly was to use convicts for the labour in the

quicksilver mines. Owing to the deleterious effects of the

atmosphere, exemption from military service is granted to

men who have been two years employed in the quicksilver

mines. The average output of mercury is 10 per cent, on
the ore extracted, and, according to official returns, 75 per

cent, of the value of the output is clear profit. In 1898 there

were 1906 men and 417 lads employed in the mines. The
amount of ore extracted was 19,945 tons, from which 1595
tons of quicksilver were drawn, being 46,211 flasks weigh-
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ALMA-TADEMA — ALMEE.IA
ing 55,000 B). In the Arrayanes snlphnroxis and lead mines
930 men, 18 women and 35 lads were employed, and 18,962
tons of ore were extracted in 1898. The Almaden conces-
sion covers over 490,872 acres; the Arrayanes only 1397
acres. Population, 7388.

Alma-Tadema, Sir Laurence (or

Laurens), British artist, was born on the 8th of
January 1836, at Dronryp, a Friesian village near Leeu-
warden, the son of Pieter Tadema, a notary, who died
when he was four years old. Alma was the name of
his godfather. His mother (d. 1863) was his father’s

second wife, and was left with a large family. It was
designed that he should follow his father’s profession

;

but he had so great a leaning towards art that, after

a long struggle between duty and inclination, during
which his health broke down, he was sent to Antwerp,
where in 1852 he entered the academy under Gustav
Wappers, the leader of that romantic movement in Belgian
art which was fast obliterating the old classical school

of David. Thence he passed to the atelier of Henri (soon

afterwards to become Baron) Leys. In 1859 he assisted

Leys in his frescoes in the hall of the H6tel de VOle at

Antwerp. In the exhibition of his collected works at the

Grosvenor Gallery in London in the winter of 1882-83

were two pictures which may be said to mark the begin-

ning and end of his first period. These were a portrait of

himself, dated 1852, and ‘‘A Bargain,” painted in 1860.

His first great success was a picture of The Education of

the Children of Clovis” (1861), which was exhibited at

Antwerp. In the following year he received his first gold

medal at Amsterdam. The Education of the Children of

Clovis” (three young children of Clovis and Clotilde prac-

tising the art of hurling the axe in the presence of their

widowed mother, who is training them to avenge the murder
of their own parent) was one of a series of Merovingian

pictures, of which the finest was the “Fredegonda ” of 1878
(exhibited in 1880), where the dejected wife or mistress is

watching from behind her curtain window the marriage of

Chilperic I. with Galeswintha, It is perhaps in this series

that we find the painter moved by the deepest feeling and
the strongest spirit of romance. One of the most passionate

of all is ^‘Fredegonda at the Death-bed of Prsetextatus,”

in which the bishop, who has been stabbed by order of the

queen, is cursing her from his dying bed. Another distinct

series attempts to reproduce the life of ancient Egypt.

One of the first of these was called “ Egyptians 3000

Tears Ago,” and was painted in 1863. A profound

depth of pathos is sounded in “ The Death of the First-

born,” painted in 1873. Among his other notable

Egyptian pictures are “An Egyptian at his Doorway”

(1865), “The Mummy” (1867) (depicting the family of

the defunct bringing offerings to a mummy which stands

on end at the right of the spectator), “The Chamberlain

of Sesostris” (1869), “A Widow” (1873), and “Joseph,

Overseer of Pharaoh’s Granaries ” (1874). On these scenes

from Frankish and Egyptian life iima-Tadema spent great

energy and research; but his strongest art-impulse was
towards the presentation of the life of ancient Greece and
Bome^ especially the latter. Amongst the best known of

his earlier pictures of scenes from classical times are

“Tarquinius Snperbus” (1867), “Phidias and the Elgin

Marbles” (1868), and “The I^rhic Dance” and “The
Wine Shop ” (1869). “ The Pj^hic Dance,” though one

of the simplest of his compositions, stands out distinctly

from them aB by reason of its striking movement.

“Phidias and the Elgin Marbles” is the first of those

glimpses of the art-life of classical times, of which

“Hadrian in England,” “The Sculpture Gallery,” and

“The Picture Gallery” are later examples. “The Wine
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Shop ” is one of his many pictures of historical genre^ but
marked with a more robust humour than usual. In 1863
Alma-Tadema married a French lady, with whom he lived

at Brussels till 1869, when she died, leaving him a widower
with two daughters, both of whom have since made repu-

tations—one in art, the other in literature. In 1869 he
sent from Brussels to the Eoyal Academy two pictures

“Un amateur Romain” and “Une danse Pyrrhique,”

which were followed by three pictures, including “Un
Jongleur,” in 1870, when he came to London. By this

time, besides the distinctions he gained in Holland and
Belgium, he had been awarded medals at the Paris

Salon of 1864 and the Exposition Universelle of 1867.

In 1871 he married an English lady, Miss Laura
Epps, who, under her married name, has also won a
high reputation as an artist. After his arrival in England
Alma - Tadema’s career was one of continued success.

Amongst the most important of his pictures during

this period are— “The Vintage Festival” (1870),
“The Picture Gallery” and “The Sculpture Gallery”

(1875), “An Audience at Agrippa’s” (1876), “The
Seasons” (1877), “Sappho” (1881), “The Way to the

Temple” (1883), his diploma work, “Hadrian in Britain”

(1884), “The Apodyterium” (1886), “The Women ol

Amphissa” (1877), “The Roses of Heliogabalus ” (1888),

“An Earthly Paradise” (1891), and “Spring” (1895).

Most of his other pictures have been small canvases of

exquisite finish, like the “Gold-fish” of 1900. These, as

well as all his works, are remarkable for the painting of

flowers, textures, and hard reflecting substances, like metals,

pottery, and especially marble. He paints with much of

the fine execution and brilliant colour of the old Dutch
masters. By the human interest with which he imbues
all his scenes from ancient life he brings them within

the scope of modern feeling, and charms us with gentle

sentiment and playful humour. He has also painted

some fine portraits, including those of Mr Arthur Bal-

four, Mr Henschel, Herr Richter the musician, and Dr.

Joachim. He was knighted on the occasion of Queen
Victoria’s eighty-first birthday, 1899. He was made an
associate of the Royal Academy in 1876, and a Royal
Academician in 1879. He is a knight of the order Pour
le Merite of Germany (Arts and Science Division)

;
of Leo-

pold, Belgium; of the Dutch Lion; of St Michael of

Bavaria; of the Golden lion of Nassau; and of the Crown of

Prussia. He is an oflScer of the Legion of Honour, France.

He is a member of the Royal Academies of Munich,

Berlin, Madrid, and Vienna. He received a gold medal
at Berlin in 1872, and a grand medal at Berlin in 1874

;

a first-class medal at the Paris International Exhibition of

1878, and medals of honour at the Paris Exhibitions of

1889 and 1900. He is a member of the Royal Society of

Water-colours. He received letters of denization from the

Crown in 1873.

See also Georg Ebers. “Lorenz Alma-Tadema,” Westei^anrCs
Mmatsh^U, November and December 1885, since republished in

volume form.

—

^Helen 2Jimmern. “L. Alma-Tadema, his Life

and Work,” Art Awmal^ 1886.—0. Monkhouse. British Con-

temporary Artists, London, 1899. (c. Mo

)

AilYien€ira.lejO| a town of Spain, province of

Badajoz, 27 miles E.S.E. of Badajoz. Population,

11,766. It has doubled in importance since 1880, owing

to the fertility of its neighbourhood, the cereals, fruit,

and wine produced in which are easily exported by the

Merida-SeviUa railway. There are thirty-six factories for

the production of brandy. The town is well built, with

broad streets, a good theatre, a bull-ring, and many private

mansions.

Almoridy a maritime province in the S. of Spai^

with an area of 3300 square miles. The Liname^AImeria

S. L— 42
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railway was completed in 1898, also a line connecting the

three provinces of Almeria, Granada, and Jaen, and the

three with Madrid. Another line from Baeza to Linares

is near completion. The local industries have developed

with the growth of the means of communication in the

last decade. Manufactures of textiles, chocolate, matches,

bricks and chalk, oil and flour mills, foundries, have

attained importance. Agricultural interests have received

a great impulse in the valleys nearest the sea and on the

banks of the Almanzora, Antas, and Aguas. Yiticulture has

been much developed, chiefly with a view to meet the in-

creasing foreign demand for the fruit
;
a great number of

new plantations have been made to replace the indigenous

vines. Esparto grass, oil, cereals, barley, have also been

exported in greater proportion than a few years ago.

Mining interests have been given a considerable impulse

by foreign and native capital. The province contained, in

1898, 210 working mines, covering 4710 acres. Of these

14 were zinc mines, 66 iron, 102 lead, and 21 argen-

tiferous lead. The number of hands employed in 1898

was 6449 ;
a few hundred were engaged in 3 lead and 6

aigentiferous lead works. The Sierra Alhamilla railway

brought down 50,086 tons of iron ore in 1898. A short

railway is being constructed between Calahorsa and Alguip

to work 10 million tons of fine ore at Alguip. The live

stock consisted, according to the latest official statistics,

of 1163 horses, 11,983 mules, 16,221 donkeys, 3299 oxen

and cows, 128,078 sheep, 30,513 goats, and 15,041 pigs.

50,350 acres were devoted to the culture of wheat, 105,000

acres to other cereals, 6500 acres to vineyards, 5000 acres

to olive plantations, and 44,500 acres to pod fruit. The
population in 1897 was 344,681, or only 78 to the square

mile. Education is still in a backward condition, though

some improvement has taken place in the last twenty

years. With a higher rate of births than deaths the 1

population has yet not increased, because of the steady

flow of emigration, which carries away to French Algeria

annually from 2000 to 3000 Almerians.

AlmoriSly a port of Spain in the above province.

Population, 46,806. It has greatly grown in importance,

and in 1898, 1130 vessels, with a total tonnage of 638,551,

entered, exactly the same number of vessels and tonnage

clearing. In 1897, 178 British vessels of 173,133 tons

entered and cleared; in 1898, 191 British vessels (only 13
with British cargoes) of 183,125 tons. Imports in 1898
were chiefly coal, 14,430 tons; patent fuel, 4331 tons;

timber, cod, steel, and railway bars. In the export trade

143 British vessels cleared for Great Britain and her

colonies with 129,973 tons. Exports were 135,000 tons

of iron ore, valued at £56,700 ; 658,530 barrels of grapes,

£237,071 ; 17,300 tons of esparto, £69,200 ;
and 24,000

cases of almonds, oranges, melons, pomegranates. The
western pier, recently built, is 1 mile 77 yards in length,

and has a depth of 8 fathoms at the end.

Almodovar del Campo, a town of Spain, in

the province of Ciudad Eeal, 18J miles S.S.W. of Ciudad
Real. There are lace and linen factories. Population in

1897, 12,110. It was formerly an Arab fortress, hence
its name, meaning a sphere,

Almor^ a town and district of British India, in the
Kumaun division of the North-West Provinces, situated

on a mountain -ridge 5494 feet above the sea. Popu-
lation (1881), 7390; (1891), 7826; municipal income
(1897-98), Rs.10,135. It has a college, called after Sir

Henry Ramsay; a government high school, a Christian
girls' school, and 4 printing presses.

The district of Almoea was recently constituted,

together with Naini Tal, by a redistribution of the two
former districts of Kumaun and the Tarai. It lies among

the mountains of Kumaun, between the upper waters of

the Ganges and the Gogra, here called the Kali. Area,

5416 square miles; population (1891), 411,501, the

average density being 77 persons per square mile; (1901),

465,876, showing an increase of 13 per cent. The
land revenue and rates are Rs. 2,65,946 ;

the incidence of

assessment being R.O : 12 : 5 per acre
;
the cultivated area

in 1896-97 was 239,684 acres, of which 2602 were under
tea; the number of police was 58; there are 122 ver-

nacular schools, with 4080 pupils; the death-rate in 1897
was 24 per thousand. The district includes the military

sanatorium of Ranikhet. The nearest railway vid Naini
Tal is the extension of the Oudh and Rohilkhand line

from near Bareilly to Kathgodam.

Alnwick, a market-town, under an urban district

council, and the county town of Northumberland, England,

in the Berwick-upon-Tweed parliamentary division of the

county, on the Ain, 34 miles N. by W. of Newcastle by
rail. By prescription, Alnwick is a borough, and its free-

men form a body corporate. This body has no authority

over the affairs of the town, but, by the Alnwick Corpora-

tion Act, 1882, it is required to expend, out of corporate

property, not less than £500 a year in payment of

teachers' salaries, (fee. in connexion with the corporation

schools. The peculiar ceremonies long observed in the

initiation of freemen are now discontinued. Area, 4777
acres; population (1881), 6693; (1891), 6746; (1901V
6716. Area of parish, 16,985 acres; population (1881;,

7440; (1891), 7428; (1901), 7385.

Alora., a town of Spain, in the province of Malaga,

17 miles W.N.W. of Malaga, on a spur of mountains

commanding a fertile plain where maize, sugar-cane, and
palms are grown. There are distilleries, Arab ruins of

some importance and sulphurous springs, and the town is a

favourite summer resort for wealthy families from Malaga.

Population (1897), 10,308.

AlOSt (Flemish Aelst), a town of Belgium, on the

eastern frontier of the province of East Flanders, on the

river Lender, 17 miles S.E. of Ghent by rail. Jute yarns

and tissues are manufactured. Population (communal)

(1880), 20,679; (1890), 25,544; (1897), 28,771.

Alpena., a city of Michigan, U.S.A., the capital of

Alpena county, situated on the eastern side of the lower

peninsula, on Thunder Bay, an arm of Lake Huron, at an
altitude of 607 feet. Its excellent harbour attracts much
lake commerce. It is entered by the Detroit and Mackinaw
Railway. Its industries consist mainly in the manufacture

of lumber, shingles, and laths. The population in 1880

was 6153, in 1890 it was 11,283, and in 1900 it was

11,802.

AlpeSy Basses, a department in the S.E. of

France, traversed by the Alps of Provence, and watered by
the Var, the Durance, and its affluents, the Buech, the

TJbaye, the Bl6onne, and the Verdon. Area, 2699 square

miles, distributed among 30 cantons and 250 communes.

The population fell from 129,494 in 1886 to 112,763 in

1901. The inhabitants readily emigrate to America, more

particularly to Mexico. Births in 1899, 2441, of which

63 were illegitimate ;
deaths, 2537 ;

marriages, 797. The
chief towns are Digne (7751 inhabitants in 1896), Bar-

celonnette, Castellane, Forcalquier, Sisteron, and Man-
osque. In 1896 there were 604 primary schools, with

18,757 pupils. Nine per cent, of the population was

illiterate. The soil of the department is poor in the

mountainous region, but more fertile in the valley of the

Durance, especially in the neighbourhood of Manosque.

The surface under cultivation comprised 841,380 acres in
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1896, of which 345,800 acres were in cereals, 172,900
acres in forest, and the rest in grass. The value of the
wheat crop in 1899 was .£432,810. Kye, barley, oats, as

also fodder, give inferior returns, but olive and mulberry
are cultivated with success, and the rearing of the silk-

worm yields good results—2283 cwts. of cocoons in 1899.
There are few horses, but the Basses Alpes is among the
departments most abounding in mules. In 1899 the live

stock numbered 13,570 head of mules and asses, 5920
cattle, 318,350 sheep, 30,270 pigs, and 25,420 goats.

The mining industry is not important, counting in 1899
about 3000 tons of coal and 5000 tons of lignite, and the
industry in metals comprises only a few workshops.
Altogether the department ranks among the least rich in

France.

Alpes, Ha,Utes, a department in the S.E. of

France, traversed by the Alps of the Dauphine, attaining

in the Oisans Mountains 12,000 to 13,000 ft. high, and
watered by the Drac and the Durance. Area, 2178 square

miles, distributed among 24 cantons and 187 communes.
The population declined from 122,924 in 1886 to 106,857
in 1901. Births (1899), 2519, of which 68 were illegiti-

mate
;
deaths, 2413 ;

marriages, 703. The chief towns are

Gap, Briangon, and Embrun. In 1896 the primary schools

numbered 600, with 24,708 pupils. Four per cent, of the

population was illiterate. The soil is extremely poor.

Out of 795,340 acres under cultivation in 1896, only

212,420 acres were utilized for cereals. In 1898 the wheat

crop was of the value of £274,325, by the side of which
may be ranked only that of the walnut, the plum, and the

mulberry. The production in silk husbandry in 1899
amounted to only 363 cwts. of cocoons. There is no
mining or metallurgic industry of any importance.

Alpes Marltimes, a department of the S.E.

of France, bordering on Italy. It is traversed by the

Alps and watered by the Eoya and the Var. The climate

is mild on the coast, but cold in the interior. Area, 1444
square miles, distributed among 26 cantons and 153 com-

munes. Population, 238,057 in 1886,'265, 155 in 1896, and
320,822inl901. There is a strong current of Italian immi-

gration. Births in 1899, 6438, of which 658 were illegiti-

mate
;
deaths, 6037 ;

marriages, 1848, The chief towns are

Nice (93,150 inhabitants in 1896), Grasse, Puget-Theniers,

and Cannes. In 1896 there were 480 primary schools, with

24,000 pupils. Seven per cent, of the population were

illiterate. The total surface under cultivation was 501,410

acres, of which 156,845 acres were in corn-lands, and

34,580 acres in vineyards. Cereals and fodder yield small

returns—^wheat (1899) only £212,720; but the produc-

tion of wine was of the value of £135,000, while the

department takes the first rank for the culture of the

olive, which amounted in 1899 to 893,000 cwts. Orange

and citron, which are also grown, yielded 113,500 cwts.

The live stock in 1899 counted altogether 146,050 head,

a very low figure, and not compensated by the industrial

development. There are some important distilleries.

Alphabet. See Writing.

Alphonse XII. (1857-1885), king of Spain, the

son of Isabella II. and Maria Fernando Francisco de
Asis, eldest son of the duke of Cadiz, was born 28th

November 1857. When Queen Isabella and her husband
were forced to leave Spain by the revolution of 1868 he

accompanied them to Paris, and from thence he was sent to

the Theresianum at Vienna to continue his studies. On
25th June 1870 he was recalled to Paris, where his mother

abdicated in his favour, in the presence of a number of

Spanish nobles who had followed the fortunes of the

exiled queen. Shortly afterwards he proceeded to Sand-
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hurst to continue his military studies, and while there he
issued, on 1st December 1874, in reply to a birthday
greeting from his followers, a manifesto proclaiming

himself the sole representative of the Spanish monarchy.
At the end of the year, when Marshal Serrano left Madrid
to take command of the northern army, General Martinez

Campos, who had long been working more or less openly

for the king, carried off some battalions of the central

army to Sagunto, rallied to his own flag the troops sent

against him, and entered Valencia in the king’s name.
Thereupon the president of the Council resigned, and the

power was transferred to the king’s plenipotentiary and
adviser, Canovas del Castillo. In the course of a few
days the king arrived at Madrid, passing through Barce-

lona and Valencia, and was received everywhere with

acclamation. In the following year, 1876, a vigorous

campaign against the Carlists, in which the young king

took part, resulted in the defeat of Don Carlos and his

abandonment of the struggle. Early in 1878 Alphonso
married his cousin. Princess Maria de las Mercedes,

daughter of the duke de Montpensier, but she died within

six months of her marriage. Towards the end of the same
year a young workman of Tarragona, Oliva Marcousi, fired

at the king in Madrid. On 29th November 1879 he
married a princess of Austria, Maria Christina, daughter of

the Archduke Charles Ferdinand. During the honeymoon
a pastrycook named Otero fired at the young sovereigns as

they were driving in Madrid. In 1881 the king refused

to sanction the law by which the ministers were to remain
in office for a fixed term of eighteen months, and upon the

consequent resignation of Canovas del Castillo he sum-
moned Sagasta, the Liberal leader, to form a Cabinet.

Alphonso &ed of phthisis, 24th November 1885. Coming
to the throne at such an early age, he had served no
apprenticeship in the art of ruling, but he possessed great

natural tact and a sound judgment ripened by the trials of

exile. Benevolent and sympathetic in disposition, he won
the affection of his people by fearlessly visiting the districts

ravaged by cholera or devastated by earthquake in 1885.

His capacity for dealing with men was considerable, and
he never allowed himself to become the instrument of any
particular party. In his short reign peace was established

both at home and abroad, the finances were well regulated,

and the various administrative services were placed on a

basis that afterwards enabled Spain to pass through the

disastrous war with the United States without even the

threat of a revolution. (g. f. b.)

Alps.—The writer of the article Alps” in the ninth

edition of this work possessed a more intimate knowledge
of that chain than any of his contemporaries. Hence, so

far as regards ordinary geography, nothing of importance

in it calls for alteration. New surveys have occasionally

somewhat altered the heights assigned to mountains, a
few of which are noticed below, together with one or two
minor corrections or additions; but in one respect, the

geology of the Alps and its relation to their structure,

very great advances have been made during the last thirty

years, and to a brief outline of these this supplementary

article wiU be mainly devoted. Much, no doubt, has yet

to be learnt; many questions are still far from being

settled; but the labours of numerous investigators, Ger-

man, Austrian, and Swiss, with some Italian and English,

aided especially by the application of the microscope to

the examination of rocks, have cleared up not a few diffi-

culties, and laid a safe foundation for future work.

Perhaps the most important advance has been the

knowledge gained in regard to the metamorphic rocks,

viz., those in which subsequent changes have so affected

the original structure that we infer rather than recognize
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wliat it has been. Formerly most geologists supposed

that all schists (using the word in its strict sense of

foliated crystalline rocks), together with saccha-

roidal marbles and gneisses, resulted from the
morp ism.

sediments by the combined action

of heat, pressure, and water
;
some even going so far as

to maintain that certain igneous rocks represented the

extremest stage of this process. In their opinion a mud, if

of the right chemical composition, might become in the

first stage a schist, in the next a gneiss, in the last a

granite. This kind of change, it was believed, had
occurred during every geological period, so that, in the

one or the other of these, schists and gneisses were identified

without hesitation. Hence Mr Ball not infrequently

mentions various Palaeozoic schists. But, whatever may be
the case elsewhere, we may venture to affirm that in the

Alps all the rocks thus modified are much more ancient

than any to which a date can be assigned. Though in

most districts we can only prove them pre-Garboniferous,

in the north-eastern region they are pre-Silurian, and in

all it is highly probable that they are older than the

Palseozoic era, as usually understood. Every effort to

strengthen the old hypothesis, and not in the Alps only,

has signally failed. For instance, in 1888 two large

stems of a fossil plant were asserted to have been found
in a gneiss at Guttannen in Canton Berne, thus proving

it to be Carboniferous in age
;

in 1900 this supposed
organism was admitted to be a mere lusus natures. In

1888, also, garnets and staurolites were said to occur in

a rock in which belemnites and crinoids could still be
recognized, thus establishing the Jurassic age of a great

group of schists. In 1890 it was demonstrated that this

far-reaching hypothesis had no better foundation than an
erroneous identification of the two minerals, those actually

present having no real bearing on the question.

Of the advances, mentioned above, none is more
important than the recognition of the effects due to severe

pressure. That it had produced cleavage in
Bffects of ordinary sediments was long since generally

some cases it had generated

rocks, minute scales of mica in vast numbers and
converted a slate into a ‘‘microscopic” schist

was more than conjectured
;
but it is now ascertained that

crushing due to the great earth movements which have
formed mountain chains has produced cleavages even in

crystalline igneous rocks, and led to the development of

various minerals, especially in connexion with the new
surfaces, so that many gneisses and some mica schists

are only granite modified by subsequent pressure. Other
gneisses, however, and certain cognate schists, especially

those with a conspicuous mineral banding, are the result

of fluxional movements in the magma at the time of
consolidation

;
while a third group of schists, and possibly

some Reisses, may be explained by the old hypothesis.
One difiiculty doubtless still exists : in certain instances it

is almost impossible to determine whether a very fine

grained schist represents a stage in the last-named process or
results from the pulverization of a crystalline rock. This
uncertainty, however, does not vitiate the general state-

ment that a group of true schists can be distinguished
from one composed of sediments in which changes only
of microscopic magnitude have occurred, neither does it

prove that the two may be present in the same geological
formation

;
it only shows that in certain cases nature has so

damaged her own inscription that it is no longer legible.

Thus, the following facts in regard to the nature and
age of the Alpine rocks would now be generally admitted
by those who have studied them in the field as well as
i;inder the microscope. Those rocks (mainly sedimentary)
'vriiich can be assigned to a definite geological age rest

p s

upon a fundamental crystalline mass of much greater

antiquity. This appears to be separable into two groups,

generally, though not always, rather sharply dis-

tinguished. The lower one consists mainly of of the

granitoid rocks and gneisses, the majority, if

not the whole, being igneous rocks modified

by subsequent pressure. Some are later in date than
others ;

for instance, the protogine of the Mont Blanc
range, long supposed to be the oldest rock, is clearly

intrusive in the adjacent gneisses. The upper group is

mainly composed of mica schists, commonly calcareous,

passing on the one hand into marbles, on the other to

quartz schists
;
being thus metamorphosed sediments. With

these are associated, sometimes abundantly, hornblendic

and chloritic schists, in great part at least modified,

igneous rocks. Bocks of similar character occur also,

though less frequently, in the other group ; and normal
granites, gabbros, and serpentines in both, the age of

which has not yet been certainly determined.

These rocks, the foundation-stones of the Alps, are

followed, but so far as is known only in the north-eastern

region, by sedimentary deposits of Silurian and Devonian
age. Bepresentatives of the Carboniferous system are

more widely distributed, though generally in isolated

strips, folded in among the crystalline masses. These are

commonly dark in colour, and vary from good slates to

coarse conglomerates or breccias, which often are full of

pieces of the older schists and gneisses. They occasionally

contain plant remains or a little anthracite, but marine
fossils occur in the Gailthal and elsewhere in the Eastern

Alps. The Permian system also is generally represented

sporadically, as a rule by grits and conglomerates, indi-

cating that high ground existed in the neighbourhood

;

but during this period the region of the South-eastern

Alps was the scene of volcanic activity, which produced
the great masses of “porphyry” around Botzen and Pre-

dazzo, which can be traced westwards beyond the lower

end of Lago Maggiore. Outbreaks of this age can be

detected in other loc^Jities, as on the Windgelle and to the

east of Vernayaz, on the right bank of the Bhone. In
South-eastern Tyrol the volcanic discharges continued into

the Triassic period, and were renewed, in the opinion of

some geologists, at a much later date. In this district

the Trias is represented by sedimentary strata, consisting

largely of pure dolomitic limestones, some of which have
been thought to be coral reefs. Be this as it may, the

existing mountains can hardly represent ancient atolls, as

some have supposed. At this period, also, the surface

contours of the Alpine region must have been very irregular,

for in other parts, notably in the Pennine, Central, and
Dauphine Alps, the Trias is either absent or is represented

by friable limestones and even gypsum, often not more
than a few feet in thickness.

In regard to the rest of the Mesozoic and the Kainozoic

systems, little need be added to the account given in the

ninth edition of this work, except in regard to a perplexing

deposit called the Flysch. It is a thick mass of mudstones,

more or less gritty and generally unfossiliferous, which, it is

now ascertained, represents identity of physical conditions

rather than exact contemporaneity of deposit. In the

northern part of the Eastern Alps it begins before the

close of the Cretaceous period ; in the southern its greatest

extent is from the top of the Middle Eocene to that of the

Middle Oligocene. In the Western Alps it ranges, in the

Swiss portion, from the bottom of the Middle Eocene to

the top of the Lower Oligocene, while in the south

it does not begin till the Upper Eocene. It con-

tains locally beds of breccia and even large isolated

boulders, the volume of which is sometimes, as in the

Habkemthal, several cubic yards, representing granites
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not known to occur elfeewhere in tke Alps

; in other places,

for example near Sepey, the erratics may not have come
from any great distance. But it is difficult to account for

their presence. Ice is the most obvious means of trans-

port
;
but the temperature during Eocene and Oligocene

ages appears to have been much higher than it now is,

being at a maximum in the former, while no evidence

can be found of the existence of mountains on or near the

present site of the Alps. Some authorities place the
requisite range immediately to the north, supposing its

roots to be buried beneath the Miocene deposits of the

Swiss lowlands, but it would be strange if such an i

important mass had so quickly vanished and left not a
rack behind.'^

A geological map of the whole Alps, on a scale large

enough to indicate clearly the above-mentioned divisions,

shows them to be arranged in zones which are

stnictate
^^d^ly symmetrical with the outline of the ,

chain, the crystalline rocks occupying its central

portion. But on examination irregularities appear which
are far from unimportant. The southern sedimentary zone,

for instance, gradually becomes attenuated as it is followed

from its eastern end westwards, till it disappears rather

beyond Lago Maggiore, after which crystalline rocks

rise directly from the Piedmontese plain. The structure

of the chain, also, is the most simple in its eastern part,

a central range of crystalline rock forming the watershed,

with two masses of sedimentary rocks flanking it north

and south, through which the rivers have cut their paths.

But this structure, as we approach the headwaters of

the Inn, becomes more complex, as we shall explain in

speaking of the hydrography, the change being probably

connected with a feature in the geology. The outcrops of

the rocks, as we have said, conform to the general course

of the chain at its eastern end, tiending almost w^est, but

then they gradually sweep round the north Italian plain till

at last they are almost parallel to their original direction.

This structure, however, is modified by another of minor,

but sometimes considerable importance, w'hich is most
conspicuously exhibited in the district about Lago di

Garda. Here a broad belt of Mesozoic sedimentary rock,

bounded on the south by a line extending approximately

from Brescia to Yerona, runs across the chain in a
N.N.E. direction; flanked on the west by crystallines,

and on the east, though less continuously, by the same
and by great masses of Permian “porphyry.” This belt

may be traced by outlying patches across the central range

until near Innsbruck it apparently dies out against the

northern sedimentary range. It is in this neighbourhood,

and the coincidence is significant, that the Alps attain their

greatest width from north to south. Here, in fact, the

dominant wave-like folds, of which the Alpine chain is

composed, are traversed obliquely by a syncline. To the

west of this, passing approximately between Chur and
Mals, we find traces of a second syncline with the same
general trend, but possibly subdivided by a central rise,

while the structure of the crystalline rocks between the

two main synclines hints at the existence of a corre-

sponding anticline, A similar structure is suggested in

the Bernina group, and yet farther to the west (in maps
on a larger scale); while from Mont Blanc for a con-

siderable distance to the south the whole chain has a
general trend, in the same direction, and that is repeated

by the outlying crystalline masses, the outcrops of which,

as far as Dauphin6, run conspicuously from H.N.E.
to S.S*W. How this structure 'is connected with the

making of the Alps will be presently considered. But since

ridge and furrow, swelling and dimple, are closely related

on the earth’s surface, any complete discussion of the

physical history of the Alpine chain must regard it
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as inseparable from the Apennines on the one side and
the mountains of Istria and Dalmatia on the other, and
as related in some way or other to the basin of the

Adriatic and the plain of Northern Italy. But putting

aside this more general question and restricting ourselves

to the Alps proper, we must bear in mind two facts in

any attempt to explain their complications :—(1) This

chain was not the product of a single set of movements,
but of two at least, which were separated by a consider-

able interval : the one occurring when the Eocene was
passing into the Oligocene, the other in like way between
the Miocene and Pliocene. (2) That the sedimentary
masses thus affected were deposited on an irregular floor

of more ancient, chiefly crystalline, rocks; parts at least

of the present site of the Alps having been mountainous
districts in Carboniferous and again in Permo-Triassic

times. These irregularities in the thickness and strength

of materials would cause corresponding inequalities in their

resistance to pressure, and thus introduce numerous com-
plications. Still, though allowance must be made for

them, the general process in the rise of the Alps
can be inferred from the experiments of A. Favre,

H. M. Cadell, and Bayly Willis, and be described as

follows :—Lateral pressures have formed a group of great

folds in the earth’s crust
;

these sometimes have been
gradually bent over until their axial planes became
inclined to the horizon. The strain occasionally has

continued till the masses have been ruptuied along these

planes, and the upper portion of the fold has then slid on
above the lower, thus producing an “overthrust fault.”

During these processes the less pliant crystalline masses
are crushed and sheared, thus giving rise to structures

analogous to cleavage, and often suggestive of bedding.

The remarkable folding in the Alpine rocks has long been
known, but the recognition of these other structures is

comparatively recent, and its absence seriously detracts

from the value of not a few geological maps and memoirs.

One instance may suffice as an example :—^The North
Swiss Alps between the valleys of the Keuss and the

Rhine, especially near the Glarnisch, exhibit a singularly

complicated structure, the strata apparently being bent

over to form a double fold, with complete inversion on
both sides. No doubt the arrangement of the strata

suggests this structure
;
but the mechanics of the process

are so difficult to understand that Rothpletz with several

other authorities explains it as a combination of overfold-

ing followed by great overthrust faulting, and this seems
to the present writer far more probable.

Another perplexing structure may be mentioned here

which is found in certain mountains on the northern face

of the Alps, such as the Mythen and Stanzerhorn, and has

of late attracted much attention. These, called Klippen,

are abrupt pyramidal masses, the beds in the upper part

being not only older than those in the lower, but also

“ contorted, fractured, crushed, and mixed up,” while the

newer are comparatively undisturbed. They are due to

overfolding and overthrusting, being remnants of larger

masses, the greater part of which has been removed by
denudation; but that they have been forced into their

present position from so great a distance as the Briangon-

nais, as some have suggested, is hardly possible.

It is now generally admitted that the valleys in moun-
tain regions are mainly the results of denudation, though

the movements and structures of the uprising

land masses must have done much, especially at
g^pjby,

first, to determine the directions in which the*

water ran. Thus the Alpine valleys may be divided

broadly into valleys of dip and valleys of strike—^the former,

as the name implies, following the dip of the strata,

and so being the narrower and steeper; the Jattejr running
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along their outcrop, and thus the broader and more level.

These are generally excavated in a mass softer than those

adjacent on either side, whether it is intercalated or

infolded. When this mass is prolonged for a great dis-

tance the strike valleys are sometimes divided by low

watersheds into different drainage systems. Of this, the

Upper Rhone, the Reuss at its outset, and the Vorder

Rhein afford an excellent example. They are excavated in

an infold, composed mainly of Jurassic rocks, which is

divided by watersheds at the Rurka and Oberalp passes.

As valleys of strike are both supplied and drained by

valleys of dip, the course of an Alpine river, unless

affected by some of the irregularities mentioned above, has

a rude resemblance to the outline of a flight of steps.

In the Eastern Alps, and in the southern more than in

the northern region, the main lines of drainage run

towards the east. The precise cause is not

easily determined, but probably it is connected
courses.

rather abrupt cessation of the chain at

this extremity. The watershed then follows the central or

crystalline range until on approaching the upper part of

the Inn valley it bends towards the south, returning from

the Maloja Pass, in the neighbourhood of the Rheinwald-

horn, nearly to its former position. Thus the upper waters

of the Inn and the Hinter Rhein are supplied from a dis-

trict distinctly south of the usual line of the watershed.

The precise cause of this flexure is also difficult to deter-

mine, but it is probably connected with the syncline,

mentioned in a former paragraph. The watershed after-

wards follows the crest of the Lepontine and Pennine

Alps, having to the north a second range—^largely con-

sisting of crystalline rocks—^the Bernese Oberland—^higher

than the former and not much inferior to the latter, through
gashes in which the Reuss and the Rhone discharge their

waters. From this we infer that the structure of this

region, when the river system of the Alps was first deter-

mined, was a simpler one, more like that of the Eastern

Alps
;
the Pennine Alps, forming a watershed, flanked on

either side by sedimentary ranges, of which the southern

has been removed by denudation, and the northern greatly
|

exaggerated by a later series of movements, which, how-
ever, must have been slow enough to allow the rivers to

deepen their valleys pari passu with the rise. Though
the range of Mont Blanc is connected with that of the
Oberland, its crest forms the watershed, for this passes from
the Great St Bernard over the low gap of the Col Ferret,

and by the Little St Bernard returns to its former course

at the Rutor; a diversion probably due to the excep-
tional elevation of the northern range in the vicinity of

Mont Blanc, which has enabled it to discharge part of its

water into the Yal d^Aosta. Its original inferiority is,

however, suggested by the fact that one tributary of the
Durance actually drains the north-eastern flank of the now-
dominant 'uiassif. South of the Little St Bernard Pass the
watershed keeps in its old position along the crest of the
crystalline mass which encloses the Italian plain, while
the prolongation of the Mont Blanc massif may be traced
through the Tarentaise and Maurienne as far as the High
Alps of Dauphin^. The structure of these masses, how-
ever, is anything but simple. The Romanche, rising on the
Col de Lautaret, forces its way through two crystalline
ranges, that of the Grandes Rousses and of the Belledonne,
between which is an infold of Jurassic rocks. Do these
two crystalline masses, together with the other and larger
one, represent the double range system (Mont Blanc and the
Brevent) farther north; or should the chief Dauphin^ mass
(that around the Pointe des il^crins) be connected, as some
think, with the crystalline ridge, of which the Grande
Oasse and Mont Pourri form parts

; or is tHs latter ridge
merely an outlier of the great central system, which farther

north is represented by the Pennines ? The fact that the zone

of the Briangonnais (an important trough of sedimentary

rocks) in the main keeps to the west of the Grande Casse-

Pourri seems to link the latter to the central system.

It is generally admitted that, whatever be the case in

regard to Mont Blanc, the headwaters of streams flowing

towards Italy have frequentlytrespassed on those
running in the opposite direction. The most of the

striking instance is afforded by the Maloja larger

Pass. Here the head of the Inn valley is an
almost level trough, about 9 miles long, be-

tween lofty mountains, which is terminated at the actual

pass by precipices descending to the Val Bregaglia. But
it is inferred from studying the surrounding district that

the watershed once lay some 6 miles farther south, the

Val Forno and Val Albigna being then tributaries of the

Inn, but that it has been completely cut away by the

greater erosive action of the Maira, which has annexed the

drainage of these two glens. Those shorter trenches,

which afford a passage to the great Alpine roads, may
be similarly explained, and such apparent anomalies as

the structure of the mountains near Zermatt. Here the

truncation of the range between the two arms of the Visp

at the Strahlhorn, the wide gap between it and Monte
Rosa, and the apparent disappearance of the Gornergrat-

Stoekhorn spur, may be due to the recession of the head

of the Val Anzasca.

The Alpine chain, as it exists, is the result of two
separate sets of movements during the Tertiary era in a

region which, as stated above, had already been

the scene of disturbances. But the history

of the former set is not yet certain. Some
jo^jats.

authorities think that the apparent change in

general structure, near the headwaters of the Inn, indi-

cates that the Alps to the east and the west were pro-

duced by independent disturbances. But even if the

other view be adopted, the movements may not have been

uniform or quite simultaneous. The effects of the

second set were, at any rate, more marked in the

Central and Western Alps, as is shown by the facts already

mentioned, and by the upheaval of the nagelflue (gravel

from the rivers of the Oligocene Alps), to full 6000 feet

above sea-level in the Rigi and the Speer. Some recent

writers have maintained that parts of the Alps have been

affected by torsional movements. It is, however, difficult

to understand the mechanical conditions under which such

movements, in the strict sense of the term, could be pro-

duced in the earth’s crust, though no doubt unequal

resistances to pressure and the joint effects of successive

sets of thrusts, acting in different directions, would present

a very similar aspect. Apart, however, from this it has

been demonstrated, especially since 1870, that the struc-

ture of the Alps is far more complicated than was formerly

supposed. It was also believed that in the Alps igneous

rocks of Tertiary age occurred only in the Vicentin and in

one or two isolated spots; recently, however, it has been

maintained (though the question is still sub judice) that

some of the intrusions in the Dolomite district belong to

this era instead of to the Trias.

Much attention has been given to the movements and

physics of glaciers. In the Alps their average motion is

not far from a foot a day ;
while the study of other regions

has shown that, cost&ns pouribus^ the larger the
Qj^^iers.

glacier the quicker its pace. Special attention

has been paid to the changes in volume exhibited by the

Alpine glaciers. These are sometimes irregular, but as a

rule they affect the majority of glaciers almost simultane-

ously. A universal shrinkage set in soon after 1860, but

now the tide seems to have turned. The diminution in some

cases has been very great
;
for instance, the thickness of
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the Unter Grindelwald glacier has been reduced by 115
feet. Its periods of advance during the last two centuries

were 1703-20, 1770-1779, 1814-1822, 1840-1855. It is

now generally agreed that during the Glacial epoch the
Alpine ice more than once advanced and retreated. For
instance, the glacier of the Ehone not only welled up
against the flank of the Jura, where it dropped the noted
Pierre-h-hot and other erratics, but also descended to

within a few leagues of Lyons, thus attaining a total length

of about 270 miles. As an example of fluctuation we may
take the ancient Limmat glacier, which many authori-

ties believe to have exhibited the following phases :—(1)
First advance indicated by morainio deposit on the

TJetliberg; (2) Eetreat and formation of the Decken-
schotter (coarse conglomerate); (3) Second advance (ex-

tension to Jura) represented by moraines considerably

above the level of the Lake of Zurich; (4) Eetreat and
deposit of the gravels forming the vaUey plain of the

Limmat
; (5) Third advance, limited by the moraine near

EoUwangen. That most of the Swiss lowland was for a
time covered by ice (forming a huge “ piedmont ” glacier)

is now generally admitted. This would require the mean
temperature to be much lower than at present, probably
about 18“ F. at the time of maximum extension, while the

glaciers would practically disappear from the Alps with a
rise of 9“ F.

The hypothesis attributing the greater lake basins in

the Alps to the erosive action of glaciers has been declining

in favour during the last thirty years, as the subject has

been more thoroughly and precisely studied. Many, per-

haps the majority of geologists now admit that the action

of glaciers is abrasive rather than erosive, and that they

can excavate only in special circumstances and to a
limited extent. Some tarns or lakelets may have been

thus formed ; in others the water is dammed back by old

moraines or berg-falls; in others (though 'not Lago di

Tremorgio) a hollow has been formed by the removal of

soluble rock; but the larger Alpine lakes are now more
generally attributed (like those of the St Lawrence region)

to differential movements in the beds of pre-existing

valleys.

A few corrections and additions to the article in the ninth
edition of this work may be noted here. In regard to the

Addenda A.lpine mammals it is now certain that the ibex or

bouquetin is restricted to the Eastern Graians, The

^ - brown bear stiU occurs in one or two of the more
CO genaa,

districts, with the lynx and wild cat. The
stoat (P. erminea) ranges up to 10,000 feet. The golden eagle,

though rare, and the raven may be added to the birds; one or

two of the small raptores are not uncommon ;
the black redstart,

the siskin, the crested titmouse, the crossbill, and the nutcracker

are not rare; the wall-creeper {Xichodroma mumria), the Alpine

accentor, the Alpine pipit, and the snowfinch occur in the upper

region. “ Grouse
’*
in the list of game birds presumably means the

hazel grouse, for of course Tetrao scoticiLS does not occur ; the

ptarmigan is rather common well above the tree-hue, and ranges to

a great height. The blackhead and common gull frequent the

lakes, with the black and common terns. In the mountain lakes

Salmo lamstris has been found at 8626 feet, and Triton alpestris

slightly above that elevation. On page 62i, col. 1 (JEhicfij. Brit.

ninth edition, vol. i.), the PizTremoggia (11,322 feet) and Piz Cam-
brena (11,834 feet) hardly deserve to be called dominant peaks of the

Bernina group. The height of the Gross Venediger is 12,008 feet.

Even since 1875 the Alps have been made much more accessible,

Eailways have been carried over the Brenner, Arlberg, and Brunig
passes, and through the Mont Cenis and the St Gothard by the aia

of long tunnels. The piercing of the Simplon is now in progress.

Several light railways on more than one plan have been con-

structed, as that from Chur to Thusis, or from Visp to Zermatt, those

up the Eigi, Pilatus, over the Wengern Alp, even up the Gomer-
grat ;

the latest attempt being to burrow up to the summit of the
Jungfrau. Carriage roads have replaced mule paths, as at the
Lutocnanier, Fluela, Oberalp, and Col de Forclaz passes, also to

Chamouni from Yemayaz by Salvan, and in several other places.

Club-huts have been erected in many convenient positions among
the peaks and glaciers ; hotels have multiplied, not only in the

villages but also on commanding situations. One has even been
built on the Gornergrat, thus ruining the grandest readily

accessible point of view in the Alps. The result has been to

flood many parts of the Alps with tourists, to Tvhom their beauties

make no real appeal, and thus to take away much of their charm.
In several instances new surveys have slightly altered the

altitudes of peaks or passes given in Mr Ball’s list
;
but it has

been thought sufficient to substitute exact figures for those which
he was obliged to leave as approximations, except in two or

three cases where the writer has failed to obtain more precise

information.

Basses of the Maritime Alps

Beaks of the Cottian Alps

{
Col de Sautron
Col de Lauzanier .

^
Pointe de St Anna ; the
higher summit is called

P. de la Fonte Sancta,

Feet.

8823
8714

Basses of the Cottian Alps
Beaks of the Bauphini Alps

Beaks of the Qraian Alps

Basses of the Graian Alps
Beaks of the Pennine Adps
Basses of the Pennine Alps

Passes in the Bernese Alps

{ and is

Col d’lzouard

. Pic d’Ailefroide

/ Grande Motte
* \ Bee de I’lnvergnan

. Col de Lauzon

. Pointe de Salles

. Col de Yessona

(

Monch Joch
Triftlimmi .

Geschenenlimmi (? Susten-

limmi)

Passes in the North Stoiss Alps
"I Ka^mor^aM^

Passes of the Rhoetian Alps

Peaks of the Lombard Alps

Passes of the Lombard Alps

' Passo di Yal Yiola
Gavia Pass .

I^Bieler Joch .

' Pizzo dei Tre Signori

\ Brenta Alta .

f Gampen Pass
Croce Domini Pass

t Passo di S. Yalentino

Passes in the Vindelidan Alps
. KSserjoch^

Passes in the Central Tyrol Alps

Passes in the Styrian Alps

Peaks of the South Tyrol and
Venetian Alps

Gebatsch Joch
C Eottenmanner Tauern

-! Fladnitz Pass

V Gleinalp Pass
( Marmolata .

Drei Zinnen (highest)

Oimon della Pala .

Pdlle di S. Martino
(Perhaps Cima di Yezzana

10, 465 intended)

LMarmarolo .

Peuschelstein Pass

11,057
7835

12,878
12,018
11,838
10,831
8183
9167

11,385
10,170

10,180
9317

?590a
8070
8465
6630

11,020
9735
5060
6215
9080
6665
7560

10,640
4150

?5930
5210

11,020
9850

10,450
9830

Passes in the South Tyrol and
Venetian Alps

Peaks of the South-eastern Alps
| di^entado

Passes
Piano di Sappada
Skarbinja Joch

9620
5000

9104
9030
4275
6240

For topographical information, see the publications of the

English, French, Italian, Swiss, German, and Austrian Alpine

clubs
;
the well-known guide books of Murray, Baedeker, and

Joanne, the Climbers* Guides, the Guide du Eaut Dauphin^;
Ball’s Alpine Guide (new edition, vol. i. “Western Alps,” edited

by W. A. B. Coolidge, 1898, alone published) ;
and Notes for

Travellers in the Alps (1899), by the same editor (being the

“General Introduction” to Ball’s Guide, revised and rewritten).

This last contains a list of all the more important hooks and maps
on the Alps, with articles on their geology and physical geography,

natural history, social life, &c. Among the more important hooks

published of late years may he mentioned the foUowing:

—

Baillie-Grohmais', W. A. Sport in the Alps, 1896.—CoNWAT,
Sir Martin. The Alps from end to end, 1895.

—

Dent, Clinton
T. Mountaineering (Badminton Library), 1892,

—

Forbes, J, D.

Travels through the Alps (revised and annotated by W. A. B.

Coolidge, 1900).

—

Freshfielb, D. W. The Italian Alps, 1875.

—

Gusseeld, Paul. In den Eochalpen, 1886.

—

Lendeneelu, E. von.

Aus d&n Alpen, 2 vols., 1896.

—

Lubbock, Sir John. The Scenery

of Simtzerland, 1896.

—

Main (Burnaby), Mrs. The Eigh Alps in

Winter, 1883.

—

^Mathews, C. E. The Annals of Mont Blanc,

1898.

—

^Roman, J. Dictionnaire Topographique du Department des

Eautes Alpes, 1888.

—

Sinigaolia, L. Climbing Eeminiscemes of

the Dolomites (trans.), 1896.—Sowerbt, J. The Forest Cant^
of SudJtimland, 1892.

—

^Umlauft, F. Die Alpen, 1887 {The Alps,

1889).

—

^Whymper, E. Chamonix and the Range of Mont Blanc,

1897; The Valley of Zermatt amd the MaMerhorn,

The list of papers and hooks on Alpine geology and physical
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geography is also very extensive. Of the former the more im-

portant have appeared in some of the following publication ;-~

Aeaddmie des Sciences de Vlnstitut de France (Comptes Rendus);

AccadcTnia Meale dei Zincei (Atti) ;
Annales des Fmtsche

geoloamhe Gesellschaft (Zeitschrift) ;
Geological Soaidy of Londm

(Quarterly Journal) ;
Kaiserlvihe Akademie der Wissemchaffen

(Yienna) (Sitzungsberichte) ;
Konigliche BayeriscU Akademi^ der

WissenscUften (Sitzungsberichte) ;
Sodel^ Geologica

(Bollettino); Socveti G4ologiqm de Frawe 5

schriften der allgemeimn Schwei^rischen Gesellschafl, ine last-

named contains (vol. xxxvii. )
an important paper by Dr Zsohoki^,

on the “Fauna of the higher Mountain Lakes, and one by JJr

Baltzibr (vol. xxxiii.) on the “ History of the Unter-Grindelwald

Glacier.”—The following more special books may be added:—

Baretti, M. Geologia della Provincia di Torino: Atlas^ 1895,

Dienbb, C. DerGebirgshauder Westalpen, 1891.

—

Fraas,E. Scenerie

But Lorraine possesses, in compensation, greater riches in

the earth, in her coal and iron and salt mines, the output

of which in 1897 was 1,057,550 tons of coal, valued at

£441,970 ; 5,360,840 tons of iron ore, valued at £615,880;

and 70,578 tons of salt, valued at £39,860. The total

mineral output of Alsace-Lorraine in 1898 was valued at

£1,276,340. In 1897 the live stock of the territory

numbered 138,689 horses, 512,329 head of cattle, 375,635

pigs, and 93,204 sheep. Cows are grazed on the S. Yosges

in summer, and large quantities of cheese (Munster cheese)

are made and exported. Total population (1901), 1,717,451,

The farms in Alsace are mostly small, and are held partly as a

private possession, partly on the communal system ;
in Lorraine

there are some larger occupations. The distribution and classifi-

cation of the holdings was as follows in 1896 :

—

atlas), 1878 ;
Sandbuchder Gletscherkundey 1885.—Mojsisovios, E.

von. Die Dolomitrife von Sudtirol und Fenetiens, 1879.^—Sttess, E.

Die Mfitstehwng der Aljgen^ 1875, See also Das Antlitz der Frde,

Lwret-Ghmde G4ologique dans le Jura et les Alps de la Suisse,

1894 , Favre and Sohardt. Fclogce Geologicce JTelveticce now con-

tains summaries of papers on Alpine geology. ^ ^ ^ ,

The following works are oflS.cial :

—

Austria : K. K, Geologiscfie

Feichsamtalt (Abhandlungen and Jahrbuch). France : Bulletin des

Services de la Carte Giologigue de la France. Italy : Beale Comitato

Geologko S Italia (Bolletino). Switzerland : Beitrage zur geolo-

gischen Karte der Schweiz.

The Alps, at least up to the frontier, are included in the Govern-

ment maps of the following countries :

—

Austria

:

“ Special Karte

des osterreichisch-ungarischen Monarchie ” scale ysiVav* 763 sheets,

1874-1888
;
a revised edition now appearing.—FVance : “Carte de

riltat Major” (type 1889), scale 258 sheets.— “Carta

Topographica del Regno d’ Italia,” scale tsttVoitj 277 sheets, 1884-

97,—Switzerland

:

“ Topographischer Atlas der Schweiz ” (Siegfried

atlas), scale for mountains, 589 sheets, 1870.—Others, with

maps of special districts, are enumerated in Hints and Notes for

Travellers in the Alps, cli., and a list of geological maps is given

(p, xcviii,). The best and most recent geological map of the

whole chain is F. Koe, Geologische JJebersi/Mskarte der Alpm
T.vW'.-ainrj 1390. (t. G, B.)

Alsa.ce- Lorra.ilie| iu German Elsass-Lothr

ringen, a German Imperial territory formed out of the

former French provinces of Alsace and Lorraine, lying

between the Rhine on the E., the Bavarian Palatinate,

Prussian Rhine province, and grand-duchy of Luxemburg
on the N., France on the W., and Switzerland on the S.

Maximum length, N. to S., 118 miles
;
maximum breadth

|

(iu the hr.), 106 miles
;
maximum breadth (iu the S.), 22

miles. The determining features of its physical conformation

are the Yosges Mountains and the Rhine. The foothills

of the former and the valley of the latter account for

almost the entire area of Alsace ; and the greater part of

Lorraine belongs to the high-plain which stretches from
the Moselle to the Saar, but seldom rises to 1300 feet

above the sea-level. The drainage of the Yosges valleys

and of the Rhine valley is collected and carried into the

Rhine about 10 miles below Strasburg by the IE. The
climate is on the whole temperate—^warmest in the lowest

districts (460 ft. above sea-level) of N. Alsace, and coldest

on the summits of the Yosges, where snow lies six mouths
in the year. The mean annual temperature at Strasburg

is 49'8‘' Fahr., at Metz 48*2“
;
the rainfall at Strasburg

26J inches, and at Metz 27^ inches. The Rhine valley is

in great part fertEe, yielding good crops of potatoes,

cereals (including maize), sugar beet, hops, tobacco, flax,

hemp, and products of oleaginous plants. But wine and
fruit are amongst the most valuable of the crops. The
cereals chiefly grown are wheat, oats, barley, and lye.

Great quantities of hay are harvested. In 1898 about
3000 acres were planted with tobacco, and the yield, when
dried, weighed about 3000 tons; and, 73,730 acres were
planted with vines, the yield being 11,348,000 gaEons of

wine, valued at £950,000. These statistics embrace also

the production of Lorraine; wh^re agriculture is less

Strenuously carried on, and the ferlffity of the soE is less.

Under 2^
acres.

2Jto 25
acres.

25 to 250
acres.

Above 250
acres.

Total farms.

98,666 119,955 12,919 407 231,947

The total area of these 232,000 farms was 2,230,368 acres, the

rest of the territory being covered by forests, barren lands, lakes,

roads, &c. Agriculture and wine-growing are general industries ;

but coal and iron mining are special to Lorraine, as the manu-
facture of cottons, and on a smaller scale of woollens, is special

to Alsace, the chief centres of the industry being Mulhausen,

Colmar, and the valleys of the Vosges. The territory has always

been the centre of an active commerce, owing to its situation on

the confines of Germany, France, and Switzerland, and alongside

the great highway of the Rhine. The communications embrace

some 1090 miles of railway (1898 : of which about 1000 miles

belonged to the state), a good system of roads, and several canals,

in addition to the rivers. Administratively the territory is divided

into the following three districts :

—

Bistadcts.
Area in sq.

miles.

Population. Density
per sq.

mile, 1895.1875. 1885. 1896.

Upper Alsace . 1354 453,374 462,549
612,077

477,477 352*6

Lower Alsace . 1845 598,180 638,624 846*1

Lorraine . . . 2402 480,250 489,729 524,885 218*5

Total . . . 5601 1,531,804 1,564,865 1,640,986 292*9

On the sex division, 833,173 were in 1895 males, and 807,813 females.

The percentage of iEegitimaoy in the same year was 8 ’8, also in 1898.

The rural population embraced 64 ’8 per cent, of the vhole, the

urban population 45*2 per cent. The largest towns are Strasburg

(the capital of the territory), Mulhausen, Metz, Colmar, Hagenau,
Saargemund, Gebweiler, and Markirch, all above 10,000 inhabit-

ants each. Classified according to religion there were, in 1895,

356,458 Protestants, 1,246,791 Roman CathoEcs, and 32,859 Jews.

Education is provided for (1898) at the university of Strasburg, in

23 classical and pro-classical schools, in 13 modem schools, and
in nearly 3600 schools of a more elementary character. Over 80

per cent, of the people speak German as their mother-tongue, the

rest French, or a patois of French. The supreme executive officer

of the territory is a governor -general, who is appointed by
the German emperor ; mit he is assisted by a ministry of four

members, under the chairmanship of a secretary of state, and by
a council of state numbering 68 members, and consisting of the

governor-general, secretary of state, chief provincial officials, and
8 to 12 nominees of the emperor. In 1900 the revenue was esti-

mated at £3,020,242, and the expenditure at £3,002,733. There

was also an extraordinary budget of £199,822 revenue and
£217,362 expenditure. Customs and indirect taxes yield more
than three-fifths of the total revenue, and direct taxes less than
one-fourth. The state forests give about one-ninth of the whole.

The public debt, capitalized, amounted in 1900 to £1,192,150, and
the territory’s contribution to the imperial exchequer to £830,426

in 1900. The higher administration of justice is devolved upon
six provincial courts and a supreme court, sitting at Colmar.

Moreover, there are purely industrial tribunals at Mulhausen,
Thann, Markirch, Strasburg, and Metz. The fish-breeding estab^

Eshment at Huningen in Upper Alsace should be mentioned.

(or. T. Be.)

Alstorii OX Albstone, a market-town and raE-

way station in tEe Penrith parliamentary division of

Cumberland, England, 29 mEes by road E.S.E. of Carlisle.

The preparation of umber for colours and paint is carried

on. There are limestone quarries, and argentiferous lead,

copper, and blende are found in the neighbourhood. Coal
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is worked chiefly for lime-buming. Area of parish (imder
a rural district council), 36,968 acres : population (1881),

4621; (1891), 3384; (1901), 3133.

Altai, the name given to an extensive region of
Southern West Siberia, composed of many mountain
ranges and broad, fertile valleys, similar in character to,

but covering an area nearly three times larger than,

Switzerland (52,500 square miles). It is watered by the

upper tributaries of the Ob—Biya, Katufi, Charysh, and
partly Tom, as also the Upper Irtysh. It has a quad-
rangular shape, and is bounded on the S.W. by the

Black (Chornyi) Irtysh, on the S.E. by the high plateau of

north-western Mongolia, on the IST.E. by the government of

Yeniseisk, parts of which belong to or merge into the

Altai, and on the N.W. by the lowlands of Tomsk,
strewn with many lakes and watered by the. Ob. The
name of Altai—Ektagh Altai, or Southern Altai, or

Chinese Altai, and Altain-nauru—is also given to a
mountain range which separates the drainage area of

Lake Kobdo from that of the Black Irtysh and its former
tributary, the Ulungur. This range borders on the N.

—

as the Eastern Tian-Shan borders on the S.—^the great

and broad Dzungarian trench, excavated in a north-west

to south-east direction in the High Plateau of East Asia,

and leads with a gentle gradient from the lowlands of

Lake Balkhash to the high level of the plateau.

The highest parts of the Altai region are along the

border of the Mongolian plateau, where in all probability

we have a border-ridge similar to the Western Sayan,
which might be named the Sailughem range. Its south-

eastern slope is short and gentle for the most part,

as it leads to the 4000-5000 feet high plateau, upon
which rise the tributaries of the Kemchik (Yenisei) at

a great altitude, and the lakes Ubsa-nor and Kobdo
are situated. Several small plateaus, such as the Ukok
(7800 feet), Chuya (6000 feet), Kendykty (8200 feet),

and Juvlukul (7900 feet) plateaus, situated along a
common axis running south-west to north-east, enter

into the composition of that mountain range. There is

no tree vegetation on these heights; only the dwarf
birch (B. na^na) stands the cold, and the Arctomys
hohac makes his furrows in the frozen mud. Easy
passages lead from these alpine lands to the high plateau

of Mongolia, but the slopes directed towards the Altai

rivers are extremely steep and very difficult of access.

The snow-line lies here at an altitude of about 9000
feet, and many summits rise above that level, especi-

ally the Byelukha (the Mont Blanc of the Altai), whose
two summits reach 14,800 and 14,500 feet respectively,

and give origin to six large and several small glaciers (30
square miles aggregate area). The Kuitun, 12,000 feet,

and several other high peaks belong to the same range.

Several chains of mountains fill up the space between the

Sailughem and the lowlands of Tomsk, but their mutual
relations are yet far from being well known, and they are

mostly described under local names. Such are the Chuya
Alps (Chuiskiye Byelki), having an average altitude of

9000 feet, with summits rising from 11,400 to 12,000
feet, and giving origin to at least ten glaciers on their

northern slope; the Katun Alps (Katunskiye Stolby);

the Kholzun range; the range which is known locally

under the names of Korgon (Korgonskiye Byelki, 6300 to

7600 feet), Talitsk, and Selitsk ranges; the Tigeretsk

Alps, and so on. Several secondary plateaus of lower
altitude are also distinguished by geographers.

The picturesque and fertile valleys of the Altai, sur-

rounded as they are by majestic alps, are, of course, better

known. The Katun valley begins as a wild gorge on the

south-west slope of the Byelukha peak; then the river makes
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a great winding before it pierces through the Katufi Alps,

when it enters a wider valley, lying at an altitude of from
2000 to 3500 feet, which it follows until it emerges from
the Altai highlands to join the Biya and to form the Ob
by their confluence in a most picturesque region. The
next valley is that of the Charysh, which has the Korgon
and Tigeretsk Alps on one side and the Talitsk and
Bashalatsk Alps on the other side. It is again very

fertile, and is well peopled with Bussian peasant im-

migrants in its lower parts. The Altai, seen from this

valley, presents the most romantic scenes, including the

small but deep Kolyvafi lake (altitude, 1180 feet), de-

scribed by so many geographers, surrounded by fantastic-

ally-shaped granitic domes and towers. Earther west the

valleys of the Uba, the Ulba, and the Bukhtarma open
south-westwards towards the Irtysh. The lower part of

the fibrst is thickly populated; in the often - described

valley of the Ulba is the Eiddersk mine, at the foot of the

6770 feet high Ivanovsk peak, covered with beautiful

alpine meadows. As to the valley of the Bukhtarma,
which has a length of 200 miles, it also has its origin at

the foot of the Byelukha and the Kuitun peaks, and as it

falls from the 6195 feet high level of an alpine plateau to

the Bukhtarma fortress (1130 feet) it offers the most
striking contrasts of landscapes and vegetation. Its

upper parts are rich in glaciers, the best known of which
is the Berel, which flows from the double peak of the

Byelukha. On the northern side of the mountain range
which separates the upper Bukhtarma from the upper
Katufi one finds the Katufi glacier, which, after two
ice-falls, becomes from 700 to 900 yards wide, and is often

described as the Altai Mer de Glace^ while the Byelukha is

described as the Altai Mont Blanc. From a grotto in this

glacier wildly runs the Katufi. The middle and lower
parts of the Bukhtarma valley have been colonized since

the 18th centmy by Russian peasant runaways—serfs

and nonconformists—who had created there a free re-

public on Chinese territory; and after 1869, when this

part of the valley was annexed to Russia, it was rapidly

colonized, on account of the fertility of the wide prairies

in its lower portion.

Hobth-East Altai.

—

^The north-eastern Altai is much
less known. High passes, of difficult access and over

10,000 feet of altitude, lead from it across the Sailughem
to the Mongolian plateau; but they are seldom visited

unless by Kirghiz shepherds. The high valleys of this

portion of the Altai—^Bashkaus, Chulyshman, and Chulcha,

all three leading to the beautiful alpine lake Teletskoye

(length, 117 miles; maximum width, 4 miles; altitude,

1600 feet) are only inhabited by nomad Telenguts.

Even the shores of the lake—^reminding one of the Lake of

I

the Four Cantons—^are too wild to receive a numerous
I

population. From this lake issues the Biya, which

I

becomes navigable only after it emerges from the moun-
tains, ft.e., at Biysk, Sixty miles below this town it joins

the Katun, and here begin the beautiful prairies in the

north-west of the Altai.

Ktizketsk Distbict.

—

Farther to the north-east the

Altai highlands are continued in the Kuznetsk district,

which has a slightly different geological aspect, but still

belongs to the Altai system- At the south-east limits of

this district the Sayan range (from 6000 to 8000 feet, or

more) appears as a continuation of the Sailughem, and has

the same border-ridge character. But the Abakan river,

which rises on its north-western slope, belongs to the system

of the Yenisei, The Kuznetsk Alatau range, on the left

bank of the Abakan, runs north-east into the province

of Yeniseisk, while a complexus of imperfectly mapped
mountains (Chukchut, Salairsk, Abakan, &c.) fills up the

western portions of this territory. The Tom and its

S.I.— 43
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numerous tributaries rise on the northern slopes of the

Alatau, and their fertile valleys are occupied by a thick

Russian population, the centre of which is Kuznetsk, on

the Tom.

Geology,— geology of the Altai is yet imperfectly known.

Granite, together with poiphyry and porphynte, intersected by
veins of jade (veined porphynte) and various breccias used for

decorative purposes at the Kolyvan stone-cutting works, as also

diorites, diabases, augite poiphyry, hyperstemte, &c., enter to

a large extent into tbe composition of its mountains. The granites

aie very much decomposed, and take fantastic shapes round Lake
Kolyvah. Volcanic basalts and andesites are found in the Salair

range. The great bulk of the mountains consists ofvarious schists,

limestones, sandstones, &o., belonging to the pre-Silurian period,

the Silurian, Devonian, and Carboniferous ages ; they are chiefly

developed in the northern outer parts of the Altai. Since the Car-

boniferous penod the Altai has not been under the sea, audits coal-

bearmg Jurassic deposits are of fresh-water origin ; only in the

ilatau are they of marine orimn, and show that this part of the

highlandwas partially invaded by the sea during the Secondary age.

Numerous traces of an extended glaciation (including sMated
rocks) have been discovered by Prof. Sapozhnikoff. As a rule, the

mountains are covered with thick diluvial deposits,^ and the

forms of their granitic domes also suggest a wide glaciation.

Flora.—^The flora of the Altai, explored chiefly by Ledebour, is

rich and very beautiful. Up to a level of 1000 feet on the noithein,
and 2000 feet on the southern slopes, the flora is the habitual

European flora which spreads in Siheiia as far as the Yenisei. The
steppe flora also penetrates from the south-west and drives the Altai

flora to a still higher level. But above these levels up to 6000
feet, which is tbe average limit of tree vegetation, the mountains are

covered with beautiful forests of birch, Finns cembra, Abies sibirica,

Larix sibirica, Picea obomta, and so on, while the meadows are

clothed with a rich, brightly coloured, and typical covering ofherba-

ceous plants. Even the alpine meadows, which have many species

in common with the Alps, have a number of their own Altayan
species.

Mineral wealth.—In respect of mineral wealth, the Altai proper
is rich in silver, copper, lead, and zinc ores, while in the Alatau,
gold, iron, and coal are the chief resources. The Alatau mines are

only now beginning to be explored, while the copper, and perhaps
also the silver ores of the Altai proper were already worked by the
prehistoric “Ohud,” at a time when the use of iron was not yet
known. Russians began to mine in 1727 at Kolyvaii, and in 1739
at Barnaul. But the Altai mines were made the property of the
imperial family (“The Cabinet of His Majesty ”), and the miners
were made serfs, which they remained until 1861 ; and this circum-
stance hampered to a great extent both the development of mining
and the colonization of the country. The ores of the Altai proper
appear nearly always in the shape ofirregular veins containing silver,

lead, copper, and gold, — sometimes all together,—and they are
worked chiefly at Zmeinogorsk (or Zmeieff), Zyryanovsk, Ust-
Kamenogorsk, Riddersk (abandoned in 1861), and elsewhere.
They offer, however, great difficulties, especially on account of
their contmuaUy varying productivity and temperature of fosion.
The beautiful varieties of porphyries—^green, red, striped, &o.

—

w'hich are obtained, often in big monoliths, near Kolyvaii, are cut
at the imperial stone-cutting factory, whose produce is well known
in the art galleries and palaces of Europe. Aquamarines of
mediocre quality but enormous size (up to 3 inches in diameter)
are found in the Kor^on mine. The northern, or Salairsk,
mining region also is rich in silver ores, and the mine of this
name used formerly to yield up to 7776 Ib of silver in one year.
But the chief wealth of the north-east Altai is in the Kuznetsk
coal-basin, also containing iron ores, which Alls up a valley between
the Alatau and the Salairsk range for a length of about 270 miles,
with a width of about 65 nules, and is considered by Prof.
Mushketoff as equal to the best coal basins of England and South
Russia. Sehmahlhausen’sresearches prove that these Coal Measures
belong, like all those of East Siberia, Turkestan, &c., to tbe Jurassic
formation. country is also covered with thick diluvial and
alluvial de]oosits containing gold. Gold is extracted inma^ places
in the Altai ; to the extent of 2887 kilograms in 1897. Bfowever,
all the mining is now on the decline. Instead of the 36,000 lb of
silver which used to be extracted, only 6060 lb were extracted in
1897. The yield of lead was 33,000 cwts. in 1868-71, and 20,000
ewts. in 1895 ; of copper, 4400 cwts. in 1897. Coal, however, is
being extracted in small quantities.

Population.— Russian agricultural population has rapidly
increased since the fertile valleys belonging to the imperial
family have been thrown open to immigration, and it is estimated
that the present agricultural population of the region (Biysk,
Barnaul, and Kuznetsk districts) already reaches about 800,000.
The natives may represent a population of about 45,000. They are
Altayans in the west and 'Telenghites in the east, with a few
Kalmyks and Tatars. Although all called Kalmyks by the
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Russians, they speak a Turkish language. Both the Telenghites

and the Altayans are Shamanists, but many of the former are

already quite Russified. As to the virgin forests of the Kuznetsk
Alatau—^the Chern, or the Black Forest of the Russians,—they are

peopled by Tatars (Chernevyie or Black Forest Tatars), who live in
very small settlements, sometimes of the Russian type, but mostly
in wooden yurtas of the Mongolian fashion. They can hardly
keep any cattle, and live the poor life of forest-dwellers, feeding
upon various wild roots, when there is no grain in the spring to be
crushed with a hand-mill. Honey and cedar-nuts (from Finns
(xmbra) collected in the forests are much lelied upon for buying
grain from the Russians. Hunting and fishing are also resorted
to, and the skins and furs are tanned by the family.

Agriculture.—The chief occupation of the Russians is agriculture
(about 3,500,000 acres under culture), cattle breeding, bee culture
(over 400,000 hives), mining, gathering of cedar-nuts (from 3000
to 10,000 cwts. yearly) and hunting. All this produce is exported
partly to Tomsk and partly to Kobdo in Mongolia.

Towns.—^The real capital of the Altai is Barnaul, the centre of
the mining administration and altogether an animated commercial
town (29,408 inh.) ; Biysk, which is the commercial centre (17,206
inh.); Kuznetsk (3140 inh.), Ust-Kamenogorsk (8958), and the
mining towns Kolyvafl (11,703), Zmeinogorsk (6083), Riddersk
(4000), and Salairsk (2500). Many villages are very populous.

Administration.—Most of the Altai region, covering an area of
nearly 170,000 square miles and including the Kuznetsk region,

forms a domain of the imperial family under the name of Altai
Mining District.

Aitthorities.—^Ritter’s Asieuy Ledebotjr's JReise, Tchik-
hatcheef’s Altai, and Cottars Altai are still very well worth
consulting. Of modem works, Zhimpisnaya Rossiya (“Pictur-
esque Russia”), vol. xi., by Potanik, Mtjshketoff, Adrianoff,
and others; Semenoff's Geographical Dictionary; Adriaftoff’s
“Journey to the Altai,” in ZapisTd Russ. Geogr. JSoc. xi. ;

Yadrintseff’s “Journey in West Siberia,” mZapisM West Sib.

Geogr. Soc. ii. ; Golubeff’s Altai, 1890 (Russian) ;
Schmtjrlo,

“Passes in S. Altai” (Sailughem), Ikvestia Russ. Geogr. Soc. 1898,
xxxiv. 5; Prof. Sapozhnikoff, various articles on glaciers, &c.,

in same periodical, 1897, xxxiii. ; 1899, xxxv. 7p. a. K.)

Altdorf, the capital of the Swiss canton of Uri,

with a station on the St Qothard Railway, 22 miles from
Goschenen and 34 miles from Lucerne. In 1899 a fine

new carriage road was opened from Altdorf through the

Schachenthal and over the Klausen Pass (6404 feet) to

Linththal (30 miles from Altdorf), and so to Glarus. In
1895 a fine bronze statue of Tell and his son, by Kissling,

was set up in the market-place. In 1899 a theatre, close

to the town, was opened for the sole purpose of represent-

ing Schiller’s William Tell. There is a stately parish

church. Population in 1888, 2542; 1899,2553; in 1900,
3134.

Altensiy a town of Prussia, province Westphalia,

38 miles by rail S.S.E. from Dortmund. It has hardware
(especially fine wire) industries, a castle, and a museum.
Population (1885), 9387

; (1895), 12,108
; (1900), 12,769.

Altenbu rg, a town of Germany, capital of the duchy
of Saxe-Altenburg, 23 miles S. from Leipsic by rail, with

fine suburbs. A museum, with natural history, archaeo-

logical, and art collections, has been erected, and there

may be mentioned St. Bartholomew’s church (1089), the

German Renaissance town hall (1562-64), a lunatic asylum,

teachers’ seminary, and agricultural school. There are

lignite mines in the vicinity. Population (1885), 29,110 ;

(1895), 33,420
; (1901), 37,110.

AltondorF, a commune of Prussia, in the Rhine
province, 1 mile W. from Essen, with coal-mines and iron-

works. It embraces the two colonies of Krupp’s work-

people— Kronenberg (population, 7764 in 1890) and
Schederhof (4431). In 1901 it was incorporated with

Essen. Population (1885), 25,693; (1895), 40,280;

(1900), 63,271.

AltenOSSCIIi a commune of Prussia, in the Rhine
province, 3 miles N. from Essen, with coal-mines, machinery

factories, and Hme-kilns. Population (1885), 15,599;

(1895), 20,976; (1901), 27,938.
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Alton, a city of Madison county, Illinois, U.S.A.,

situated in the western part of the state, on the eastern

bank of Mississippi river, just above the mouth of Missouri
river, and twenty-one miles above St Louis, at an altitude

of 436 feet. It is built on the river bluffs, and its plan

is fairly regular. It is entered by four railways. The
population in 1880 was 8975, in 1890 it was 10,294, and
in 1900 it was 14,210.

Altona, a town of Prussia, province Schleswig-Hol-

stein, immediately W. of Hamburg, with which it is commer-
cially identified, though administratively it is a separate

town. Municipal ofiices, a bronze equestrian statue of

the Emperor William I., and a bronze statue of Bismarck
have been erected; there may also be noticed the

public museum (containing ethnographical and natural

history collections), and monuments of the wars of 1864
and 1870-71. Altona is the headquarters of the 9th

German army corps, and possesses a school of navigation

and famous fish-markets. Among its industries are the

production of cottons, woollens, chemicals, chicory, hats,

and varnish. Since 1888, when Altona joined the Im-
perial Zollverein, approximately half a million sterling has

been spent upon harbour improvement works. The im-

ports and exports resemble those of Hamburg (q.v,). In
the ten years 1871-80 the port was entered on an average

by 737 vessels of 67,735 tons, in 1881-90 by 608 vessels

of 154,713 tons, and in 1891-98 by 839 vessels of 253,384
tons. In 1889 Ottensen (to the W. of Altona), where the

poet Klopstock lies buried, was incorporated with the

town. In 1885 (including Ottensen, Oevelgonne, 0th-

marschen, and Bahrenfeld) the population was 126,306

;

in 1895, 148,944; in 1900, 161,508; without the four

suburbs, 113,526 (1895); 117,824 (1900).

Altoona., a city of Blair county, Pennsylvania,

U.S.A., situated in 40° 32' N. lat. and 78° 24' W.
long., at the foot of the Allegheny plateau, not far from

the centre of the state, at an altitude of 1179 feet. It is

on the main line of the Pennsylvania railway. The city

is divided into nine wards, is regularly laid out, and is well

built, having been in great part constructed by the railway

corporation as its chief manufacturing depot. Fostered

by the railway, it has had a very rapid and solid growth.

The population in 1880 was 19,710, in 1890 it was 30,337,

and in 1900 it was 38,973

Altrincham, or Axtringham, a market town and
railway station in the Altrincham parliamentary division

of Cheshire, England, 8 miles S.W. by S. of Manchester.

The more recent structures are a Baptist chapel, a

Unitarian chapel, and a market haU. Area of township

(an urban district), 662 acres. Population (1881), 11,250;

(1891), 12,440; (1901), 16,831 ;
of parliamentary division

(1901), 78,796.

Altwa.SSer, an industrial village of Prussia, province

Silesia, 43 miles by rail S.W. from Breslau, and 3 H.

from Waldenburg. It has factories for glass, porcelain,

machinery, cotton-spinning, iron-foundries, and coal-mines.

Population (1885), 8672; (1895), 10,207; (1900), 12,700.

Alty or Astvn-tagh, a lofty mountain range

of central Asia, running from the S.W. to the H.E., from
38° 17.-871° E.^tp 39° 17.-91° E., forms a border range of

northern Tibet, "having to the north-west the lower terrace

of the East Turkestan plateau, about 2700 feet high on the

banks of the Cherchen-daria, and to the south-east the north-

western extremity of the Tsaidam plateau, nearly 10,000

feet of altitude. In 89° 30' E. it is separated from the

Tarim basin by a secondary chain, about 7200 feet high, but

farther west it rises above the desert as a nearly vertical

wall. The passes visited by Prjewalsky and Carey reach

10,140 and 13,000 feet respectively, the summit attaining

from 12,000 to 14,000 feet. (See Kuen-lun.)

Alt-Zabrze, a village of Prussia, province of Silesia,

5 miles by rail E. from Gleiwitz. It is in repute for its

iron-works, coal-mines, manufactory of wire ropes, <bc.

Population (1885), 9390; (1895), 14,012
; (1900), 19,571.

Aluminium.—Although never met with in the

elemental state, the metal aluminium is more widely dis-

tributed throughout the world than any similar substance.

The word is derived from the Latin alumen, and is probably
akin to the Greek dAg (the root of salt, halogen, etc.); but
while Pliny the Elder and other Roman authors discuss its

properties at some length, there is considerable doubt
whether the alum they knew was not largely composed of

sulphate of iron. In the 16th century a.d., Paracelsus

drew the first real distinction between alum and the vitriols

;

in 1722 Hoffmann announced the base of alum to be an
individual substance

;
in 1761 Morveau suggested that this

base should be called alumine, after Sel alumineux, the

French name for alum ; and finally about 1820 the word
was changed into alumina. In 1760 the French chemist

Baron unsuccessfully attempted ^Ho reduce the base of

alum’’ to a metal, and shortly afterwards various other

investigators essayed the problem in vain. In 1808 Sir

Humphry Davy, fresh from the electrolytic isolation of

potassium and sodium, strove to break up the molecule of

alumina by heating it with potash in a platinum crucible

and submitting the mixture to a current of electricity
;

in

1809, with a more powerful battery, he raised iron wire to

a red heat in contact with alumina, and obtained distinct

evidence of the production of an iron-aluminium alloy.

Naming the new metal in anticipation of its actual birth,

he called it alumium; but for the sake of analogy he was
soon persuaded to change the word to aluminum, in which
form, alternately with aluminium, it occurs in chemical

literature for some thirty years. The metal is occasionally

called aluminum in America to this day
;
but the European

spelling is preferable, as the termination 4um harmonizes

with the names of other metallic elements.

In the year 1824, endeavouring to prepare it by chemical means,

Oersted heated its chloride with potassium amalgam, and failed in

his object simply by reason of the mercury, so that

when 'Wohler repeated the experiment at Gottingen in

1827, employing potassium alone as the reducing agent,

he ©"btained it in the metallic state for the first time in history.

Contaminated as it was with potassium and with platinum from the
crucible, the metal formed a grey powder and was far from pure

;

but in 1845 he improved the conditions of his process, and succeeded

in producing metallic globules wherewith he examined its chief

moperties, and prepared several compounds hitherto unknown.
Early in 1854, H. St. Claire Deville, who was attempting to make
some non-existent salts of aluminium, accidentally and in ignorance

of Wohler’s later results, imitated the 1845 experiment. At once

observing the reduction of the chloride, he realized the importance

of his discovery, and immediately began to study methods for

winning the metal on a commercial scale. His attention was at

first divided between two processes—^the chemical method of re-

ducing the chloride with potassium, and an electrolytic method of

decomposing it with a carbon anode and a platinum cathode, which
was simultaneously imagined by himself and Bunsen. Both
schemes appeared well-nigh impossible

:
potassium cost about £17

per Ib, gave a very small yield, and was dangerous to manipulate,

while on the other hand, the only source of electric current then

available was the primary battery, and zinc as a store of industrial

energy was utterly out of the question. Deville accordingly

returned to pure chemistry and invented a practicable method of

preparing sodium which, having a lower atomic weight than

potassium, reduced a larger proportion. He next devised a plan

for manufacturing pure alumina from the natural ores, and finally

elaborated a process and plant which held the field for almost

thirty years. So admirably and exhaustively were his researches

conducted that it required a Castner to improve on his methods.

Only the discovery of dynamo-electric machines and their applica-

tion to metallurgical jjrocesses rendered it possible for the brothers

Cowles to remove the industry from the hands of chemists, till the

time when Messrs. H^roult and Hall, by devising the electrolytic
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method now in use, placed the business finally under the con-

trol of electricians, and inaugurated the present era of industrial

electrolysis.

The chief natural compounds of aluminium are four in number

:

oxide, hydroxide (hydrated oxide), silicate, and fluoride, Corundwn,

the only important native oxide (AI2O3), occurs in large

Ores, deposits in southern India and the United States.

Although it contains a higher percentage of metal

(52*9 per cent.) than any other natural compound, it is not at

present employed as an 01 e, not only because it is so hard as 'to be

crushed with diffilculty, but also because its very hardness makes

it valuable as an afcasive. Gryohte (AlgFs- fiN’aT) is a double

fluoride of aluminium and sodium, which is scarcely known except

on the west coast of Greenland. Formerly it was used for the

preparation of the metal, but the inaccessibility of its source, and
the fact that it is not sufficiently pure to be employed without some

preliminary treatment, caused it to be abandoned in favour of other

salts. When required in the Heroult-Hall process as a solvent, it is

sometimes made artificially. Aluminium silicate is the chemical

body of which all clays are nominally composed. Kaolin or China

day is essentially a pure disilicate (AI2O3 , 2Si02 . 2H20)5 occurring

in large beds almost throughout the world, and containing in its

anhydrous state 24*4: per cent, of the metal, which, however, in

common clays is more or less replaced by calcium, magnesium, and
the alkalis, the proportion of silica sometimes reaching 70 per cent.

Kaolin thus seems to be the best ore, and it would undoubtedly be
used were it not for the fatal objection that no satisfactory process

has yet been discovered for preparing pure alumina from any
mineral that is chemically a silicate. If, according to the present

method of winning the metal, a bath containing silica as well as

alumina is submitted to electrolysis, both oxides are dissociated,

and as silicon is a very undesirable impurity, an alumina con-

taminated with silica is not suited for reduction. Bauxite is a

hydrated oxide ofaluminium ofthe ideal composition, AI2O3 . 2H2O.
It is a somewhat widely distributed mineral, being met with in

Styna, Austria, Hesse, and French Guiana
;
but the most important

beds are in the south of France, the north of Ireland, and in
Alabama, Georgia, and Arkansas in Horth America. The chief

Iiish deposits are in the neighbourhood of Glenravel, Co. Antrim,
and have the advantage of being near the coast, so that the alumina
can be transported by water-carriage. After being dried at 100® 0.,

Antrim bauxite contains from 33 to 60 per cent, of alumina, from
2 to 30 per cent, of ferric oxide, and from 7 to 24 per cent, of
silica, the balance being titanic acid and water of combination.
The American bauxites contain from 38 to 67 per cent, of alumina,
from 1 to 23 per cent, of ferric oxide, and from 1 to 32 per cent, of
silica. The French bauxites are of fairly constant composition,
containing usually from 58 to 70 per cent, of alumina, 3 to 15 per
cent, of foreign matter, and 27 per cent, made up of silica, iron

oxide, and water in proportions that vary with the colour and the
situation of the beds.

Before the application of electricity, only two compounds were
found suitable for reduction to the metallic state. Alumina itself

is so refractory that it cannot be melted save by the oxy-hydrogen
blowpipe, or the electric arc, and except in the molten state it is

not susceptible of decomposition by any chemical reagent, Deville
first selected the chloride as his raw material, but observing it to
be volatile and extremely deliquescent, he soon substituted in its

place a double chloride of aluminium and sodium. Early in 1855
Percy suggested that cryolite should he more convenient, as it was
a natural mineral and might not require purification, and at the
end of March in that year, Faraday exhibited before the Royal
Institution samples of the metal reduced from its fluoride by Dick
and Smith. Rose also carried out experiments on the decomposi-
tion of cryolite, and expressed an opinion that it was the best of all
compounds for reduction

;
but, finding the yield of metal to be

low, receiving a report of the difficulties experienced in mining the
ore, and fearing to cripple his new industry by basing it upon the
employment of a mineral of such uncertain supply, Deville decided
to keep to his chlorides. With the advent of the dynamo, the
position of affairs was wholly changed. The first successful idea of
using electricitjr depended on the enormous heating powers of the
arc. The infusibility of alumina was no longer prohibitive, for the
molten oxide is easily reduced by carbon. Nevertheless, it was
foimd impracticable to smelt alumina electrically except in presence
of copper, so that the Cowles furnace yielded, not the pure metal,
hut an alloy. So long as the metal was principally regarded as a
necessary ingredient of aluminium-bronze, the Cowles process was
popular, but when the advantages of aluminium itself became more
apparent, there arose a fresh demand for some cheap method of
obtaining it unalloyed. It was soon discovered that wie faculty of
inducing dissociation possessed by the current might now be utilized
with some hope of pecuniary success, hut as electrolytic currents
are of lower voltage than those required in electric furnaces, molten
alumina again became impossible. Many metals, of which copper,
silver, and nickel are types, can be readily won or purified by the
electrolysis of aqueous solutions, and theoretically it may be feasible
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to treat aluminium in an identical manner. In practice, however,
it cannot be thrown down electrolytically with a dissimilar anode
so as to win the metal, and certain difficulties aie still met with in

the analogous operation of plating by means of a similar anode.

Of the simple compounds, only the fluoride is amenable to electro-

lysis in the fused state, since the chloride begins to volatilize below
its melting-point, and the latter is only 6“ below its boiling-point.

Cryolite is not a safe body to electrolyse, because the minimum
voltage needed to break up the aluminium fluoride is 4*0, wheteas
the sodium fluoride requires only 4*7 volts

;
if, therefore, the

current rises in tension, the alkali is reduced, and the final product
consists of an alloy with sodium. The corresponding double
chloride is a far better material

;
first, because it melts at about

180® C., and does not volatilize below a red heat, and second,
because the voltage of aluminium chloride is 2 3 and that of sodium
chloride 4*3, so that there is a much wider margin of safety to

cover irregularities in the electric pressure. It has been found, how-
ever, that molten cryolite and the analogous double fluoride repre-

sented by the formula AI2F6 . 2NaF are very efficient solvents of
alumina, and that these solutions can he easily electrolysed at about
800® G. by means of a current that completely decomposes the
oxide but leaves the haloid salts unaffected. Molten cryolite dis-

solves roughly 30 per cent, of its weight of pure alumina, so that
when ready for treatment the solution contains about the same pro-
portion of what may be termed “ available ” aluminium as does the
fused double chloride of aluminium and sodium. The advantages
lie with the oxide because of its easier preparation. Alumina dis-

solves readily enough in aqueous hydrochloric acid to yield a solu-

tion of the chloride, but neither this solution, nor that containing
sodium chloride, can be evaporated to dryness without decomposi-
tion. To obtain the anhydrous single or double chloride, alumina
must be ignited with carbon in a current of chlorine, and to exclude
iron from the finished metal, either the alumina must be pure, or
the chloride be submitted to purification. Thus preparation of a
chlorine compound suited for electrolysis becomes more costly and
more troublesome than that of the oxide, and in addition four
times as much raw material must be handled.
At different times propositions have been made by Bucherer,

Blackmore, and others, to win the metal from its sulphide. This
compound possesses a heat of formation so much lower that elec-

trically it needs but a voltage of 0 *9 to decompose it, and it is easily

soluble in the fused sulphides of the alkali metals. It can also be
reduced metallurgically by the action of molten iron. Various
considerations, however, tend to show that there cannot be so much
advantage in employing it as would appear at first sight. As it is

easier to reduce than any other compound, so it is more difficult to

produce. Therefore while less energy is absorbed in its final

reduction, more is needed in its initial preparation, and it is

questionable whether the economy possible in the second stage

would not be neutralized by the greater cost of the first stage in the
whole operation of winning the metal from bauxite with the sulphide
as the intermediary.

The Deville process as gradually elaborated between 1855 and
1859 exhibited three distinct phases:—Production of metallic

sodium, formation of the pure double chloride of sodium
1 t

and aluminium, and preparation of the metal by the
interaction of the two former substances. To produce

^

the alkali metal, a calcined mixture of sodium carbonate, coal, and
chalk was strongly ignited in flat retorts made of boiler-plate

;
the

sodium distilled over into condensers, and was preserved under
heavy petroleum. In order to prepare pure alumina, bauxite and
sodium carbonate were heated in a furnace until the reaction was
complete

;
the product was then extracted with water to dissolve

the sodium aluminate, the solution treated with carbon dioxide,

and the precipitate removed and dried. This purified oxide, mixed
with sodium chloride and coal tar, was carbonized at a red heat,

and ignited in a current of dry chlorine as long as vapours of the
double chloride were given off, these being condensed in suitable

chambers. For the production of the final aluminium, 100 parts

of the chloride and 45 parts of cryolite to serve as a flux were
powdered together, and mixed with 85 parts of sodium cut into

small pieces. The whole was throvii in several portions on to the
hearth of a furnace previously heated to low redness, and was
stirred at intervals for three hours. At length when the furnace

was tapped a white sla^ was drawn oflF from the top, and the liquid

metal heneath was received into a ladle and poured into cast-iron

moulds. The process was worked out by Deville in his laboratory

at the £cole Normale in Paris. Early in 1855 he conducted large-

scale experiments at Javel in a factory lent him for the purpose,
where he produced sufficient to show at the French Exhibition of
1855. In the spring of 1856 a complete plant was erected at La
Glacifere, a suburb of Paris, but becoming a nuisance to the
neighbours, it was removed to Nanterre in the following year.

Later it was again transferred to Salindres, where the manufacture
was continued by Messrs. Pechiney till, after Deville*s death in
1881, the advent of the present electrol^ic process rendered it no
longer profitable. Devule received much encouragement and
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pecuniary assistance from the French Academy, and also from the
hands of Napoleon III., who, impressed with an aluminium medal
struck in his honour, and with a hahy-rattle presented to the infant
Prince Imperial, conceived the idea of furnishing his Cuirassiers
with aluminium armour and helmets. For over a year the
Emperor defrayed Deville’s expenses, and although the latter did
not find it possible to gratify his patron’s military aspirations, yet
Napoleon III. ’s generosity in assisting scientific research has home
much fruit both in the western and eastern hemispheres.
When Deville quitted the Javel works, two brothers named

Tissier, formerly his assistants, who had devised an improved
sodium furnace and had acquiied a thorough knowledge of their

leader’s experiments, also left, and erected a factory at Amfreville,
near Rouen, to work the cryolite process. This need not be
described at length. It consisted simply in reducing cryolite with
metallic sodium exactly as in Deville’s chloride method, and it was
claimed to possess various mythical advantages over its rival. Two
grave disadvantages were soon obvious—the limited supply of ore,

and, what was even more serious, the large pioportion of silicon in

the reduced metal. The Amfreville works existed some eight or ten
years, but achieved no* permanent prosperity. In 1858 or 1869 a
small factory, the first in England, was built by F. W. Gerhard
at Battersea, who also employed cryolite, made his own sodium,
and was able to sell the product at 3s. 9d. per oz. This enterprise

only lasted about four years. Between 1860 and 1874 Messrs.

Bell Brothers manufactured the metal at Washington, near New-
castle, under Deville’s supervision, producing nearly 2 cwt. per
year. They took part in the International Exhibition of 1862,
quoting a price of 40s. per Ib troy.

In 1881 Webster patented an improved process for making
alumina, and the following year he organized the Aluminium Crown
Metal Co. of Hollywood to exploit it in conjunction with Deville’s

method of reduction. Potash-alum and pitch were calcined

together, and the mass was treated with hydrochloric acid
;
char-

coal and water to form a paste were next added, and the whole was
diied and ignited in a current of air and steam. The residue, con-

sisting of alumina and potassium sulphate, was leached with water
to separate the insoluble matter which was dried as usual. All the
by-products, potassium sulphate, sulphur, and aluminate of iron,

were capable of recovery, and were claimed to reduce the cost of

the oxide materially. From this alumina the double chloride was
prepared in essentially the same manner as practised at Salindres,

but sundry economies accrued in the process owing to the larger

scale of working and to the adoption of Weldon’s method of

regenerating the spent chlorine liquors. In 1886 Castner’s sodium
patents appeared, and The Aluminium Co. of Oldbury was pro-

moted to combine the advantages of Webster’s alumina and
Castner’s sodium. Castner had long been interested in aluminium,
and was desirous of lowering its price. Seeing that sodium was the

only possible reducing agent, he set himself to cheapen its cost,

and deliberately rejecting sodium carbonate for the more expensive

sodium hydroxide (caustic soda), and replacing carbon by a mixture
of iron and carbon—the so-called carbide of iron—^he invented the
highly scientific method of winning the alkali metal which has
remained in existence almost to the present day. In 1872 sodium
prepared by Deville’s process cost about 4s. per lb., the greater part

of tlie expense being due to the constant failure of the retorts ; in

1887 Castner’s sodium cost less than Is. per Ib, for his cast-iron

pots survived 125 distillations.

In the same year Grabau patented a method of reducing the

simple fluoride of aluminium with sodium, and his process was
operated at Trotha in Germany. It was distinguished by the

unusual purity of the metal obtained, some of his samples contain-

ing 99-6 to 99‘8 per cent. In 1888 the Alliance Aluminium Co.

was organized to work certain patents taken out during the previous

year by Dr Netto, Capt. Cunningham, and Mr Forster for winning

the metal from cryolite by means of sodium, but these were only

modifications in detail of the processes already described. This

company erected plant in London, Hebhum, ana Wallsend^ and by
1889 were selling the metal at 11s. to 16s. per lb. The Aluminium
Company’s price in 1888 was 20s. per lb and the output about

250 Ib per day. In 1889 the price was 16s., but by 1891 the

electricians commenced to offer metal at 4s. per Ib and aluminium
reduced with sodium became a thing of the past.^

About 1879 dynamos began to he introduced into metallur^cal

practice, and from that date onwards numerous schemes for utiliz-

, - ing this cheaper form of energy were brought before the

public. The first electrical method worthy of notice is
reauction,

patented by Messrs E. H. and A. H. Cowles in

1885, which was worked both at Lockport, New York State, and at

Milton, Staffordshire. The furnace consisted of a flat rectangular

firebrick box, packed with a layer of finely po-vvdered charcoal 2

inches thick. Through stuffing-boxes at the ends passed the two
electrodes, made after the fashion of arc-light carbons, and capable

of being approached together according to the requirements of the

operation. The central space of the furnace was filled with a

mixture of corundum, coarsely powdered charcoal, and copper ; and
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an iron lid lined with firebrick was luted in its place to exclude
air. The charge was reduced by means of a 50-volt current from a
300-kilowatt dynamo, which was passed thiough the furnace for

IJ hours till decomposition was complete. About 100 Ib of

bronze, containing from 15 to 20 Ib of aluminium, were obtained
from each run, the yield of the alloy being repoited at about 1 Ib

per 18 e.h.p. -hours. The composition of the alloys thus produced
could not be pi edeteimined with exactitude

;
each batch was

therefore analysed, a number of them were hulked together, or

mixed with copper in the necessary proportion, and melted in

crucibles to give merchantable bronzes containing between IJ and
10 per cent, of aluminium. Although the copper took no part in

the reaction, its employment was found indispensable, as otherwise
the aluminium partly volatilized, and paitly combined with the
carbon to form a carbide. It was also necessary to give the fine

charcoal a thin coating of calcium oxide by soaking it in lime-water,

for the temperature was so high that unless it was thus protected
it was gradually converted into graphite, losing its insulating
power and diffusing the current through the lining and walls of the
furnace. That this process did not depend upon electrolysis, but
was simply an instance of electrical smelting, or the decomposition
of an oxide by means of carbon at the temperatuie of the electric

arc, is shown by the fact that the Cowles furnace would work with
an alternating current.

In 1883 Gratzel patented a useless electrolytic process with
fused cryolite or the double chloride as the raw material, and in

1886 Kleiner propounded a cryolite method which was w’orked

for a time by the Aluminium Syndicate at Tyldesley near Man-
chester, but w^as abandoned in 1890. In 1887 Minet took out
patents for electrolysing a mixture of sodium chloride wdth
aluminium fluoride, or with natural or artificial cryolite. The
operation w^as continuous, the metal being regularly run off from
the bottom of the bath, while fresh alumina and fluoride were
added as required. The process exhibited several disadvantages ;

the electrolyte had to he kept constant in composition lest either

fluorine vapours should he evolved or sodium thrown down, and
the raw materials had accordingly to be prepared in a pure
state. After prolonged experiments in a factory owned by Messrs
Bernard Freres at St Michel in Savoy, Minet’s process was given
up, and at the close of the 19th century the Heroult-Hall method
was alone being employed in the manufacture ofaluminium through-
out the world.
The original Deville process for obtaining pure alumina from

bauxite was greatly simplified in 1889 by Bayer, whose most
recent patents are being exploited at Larne in Ireland. Crude
bauxite is ground, lightly calcined to destroy organic matter, and
agitated under a pressure of 70 or 80 lb per square inch with a

solution of sodium hydroxide having the specific gravity 1*45.

After two or three hours the liquid is diluted till its density falls

to 1*23, when it is passed through filter-presses to remove the
insoluble ferric oxide and silica. The solution of sodium aluminate,

containing aluminium oxide and sodium oxide in the molecular
proportion of 6 to 1, is next agitated for thirty-six hours with a small
quantity of hydrated alumina previously obtained, which causes

the liquor to decompose, and some 70 per cent, of the aluminium
hydroxide to be thrown down. The filtrate, now containing

roughly two molecules of alumina to one of soda, is concentrated

to Sie original gravity of 1*45, and employed instead of fresh

caustic for the attack of more bauxite ; the precipitate is then
collected, washed till free from soda, dried, and ignited at about
1000® C. to convert it into a crystalline oxide which is less hygro-
scopic than the former amorphous variety.

The process of manufacture which now remains to be described

was patented during 1886 and 1887 in the name of C. M. Hall
in America, in that of P. V. L. Heroult in England and France.

It would he idle to discuss to whom the credit of first imagining
the method rightfully belongs, for probably this is only one of

the many occasions when new ideas have been born in several

brains at the same time. Hall, however, at once realized that

his aim should be to win aluminium itself in an electrically

warmed bath
;
for a while H4roult seemed undecided between the

pure metal and an alloy, between internal and exteinal heating.

By 1888 Hall was at work on a commercial scale at Pittsburg,

reducing German alumina; in 1891 the plant was removed to

New Kensington for economy in fuel, and was gradually enlarged

to 1500 h.p. ;
in 1894 a factory of 5000 h.p. driven by water

was erected at Niagara Falls. In 1890 also the Hall process

operated by steam power was installed at Patrioroft, Lancashire,

where the plant had a capacity of 300 Ib per day, hut by 1894

the turbines of the Swiss and French works ruined the enterprise.

About 1897 the Bernard factory at St Michel passed into the hands

ofMessrs Pechiney, the machinery soonbeing increased to 3000 h.p.,

and there, under the control of a firm that has been concerned

in the industry almost from its inception, aluminium is being

manufactured by the Hall process. In July 1888 the Soci4te

Metallurgique Suisse erected plant driven by a 600-h.p. turbine

to carry out H4roult’s alloy process, and at the end of that year
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the Allgemeine Elektricitats Gesellschaft united with the Swiss

firniL in organizing the Aluminium Industrie Action Gesellschaft

of Neuhausen to manufacture the metal on a larger scale. Heroult

and Kiliani then reverted to the plan of winning the metal

alone, and gradually the alloy process was abandoned. At

present (1900) about 4000 h.p. obtained from the Rhine are

employed at Neuhausen, and about 2000 h.p. at Rheinfelden,

while some 3000 h.p. are similarly used by the Societe Electro-

M^tallurgiq^ue Erancaise of La Praz near Modane. In 1895 the

British Aluminium Company was founded to mine bauxite and

manufacture alumina in Ireland, to prepare the necessary electrodes

at Greenock, to reduce the aluminium at Foyers, and to refine and

work up the metal into marketable shapes at the old Milton

factory of the Cowles Syndicate, remodelled to suit modern
requirements.

The river Foyers in Inverness-shire, which empties itself into

Loch Ness, makes a total descent of 400 feet during the last IJ
mile of its course, and lorms two cascades 40 feet and 165 feet high

respectively. From a point some distance above the upper fall an

8-feet tunnel has been drilled through the solid rock, bringing

the water at a high level to the brow of the hill that slopes

down to the loch, which it descends in steel tubes to drive the

turbines at the bottom. Lest the natural river should fail in

times of drought, water-rights over some 100 square miles of

Inverness-shire have been acquired, and a masonry dam has been

built across the southern end of the mountain valley (700 feet

high) that contained Lochs Faraline and Garth, so as to raise the

water level and form one vast reservoir 5 miles long by |_mile

wide holding 4000 million gallons—sufficient without any rainfall

to propel the machinery for 100 days. By the end of 1899 plant

equal to 7000 h.p. had been installed, some of it, however, being

employed in the manufacture of calcium carbide. Each dynamo
is carried on the same vertical shaft with its tuibine, and runs

at a speed of 150 revolutions per minute, developing 700 e.h.p.,

and giving a current of some 8000 amperes at 60 volts.

The Heioult cell consists of a square iron or steel box lined

with carbon rammed and baked into a solid mass
;
at the bottom

is a cast-iron plate connected with the negative pole of the dynamo,
but the actual working cathode is undoubtedly the layer of already

reduced and molten metal that lies in the bath. The anode is

formed of a bundle of carbon rods suspended from overhead so

as to be capable of vertical adjustment. The cell is filled up
with cryolite, and the current is turned on till this is melted

;

then the pure powdered alumina is fed in continuously as long as

the operation proceeds. The current is supplied at a tension of

3 to 6 volts per cell, passing through 10 or 12 in series
;
and it

performs two distinct functions—(1) it overcomes the chemical
affinity of the aluminium oxide

; (2) it overcomes the resistance

of the electrolyte, heating the liquid at the same time. As a part
of the voltage is consumed in the latter duty, only the residue
can be converted into chemical work, and as the theoretical

voltage of the aluminium fluoride in the cryolite is 4*0, provided
the bath is kept properly supplied with alumina, the fluorides are

not attacked. It follows, therefore, except for mechanical losses,

that one charge of cryolite lasts indefinitely, that the sodium and
other impurities in it are not liable to contaminate the product,
and that only the alumina itself need be carefully purified. The
operation is essentially a dissociation of alumina into aluminium,
which collects at the cathode, and into oxygen, which combines
with the anodes to form carbon monoxide, the latter escaping and
being burnt to carbon dioxide outside. Theoretically 36 parts
by weight of carbon are oxidized in the production of 64 parts
or aluminium; practically the anodes waste at the same rate
at which metal is deposited. The current density is about 700
amperes per square foot of cathode surface, and the number of
rods in the anode is such that each delivers 6 or 7 ampeies per
square inch of cross-sectional area. The working temperature
lies between 750“ and 850“ 0., and the actual yield is 1 Ib of metal
per 12 e.h.p. hours. The bath is heated internally with the
current rather than by means of external fuel, because this
arrangement permits the vessel itself to be kept comparatively
cool

;
if it were fired from without, it would be hotter than the

electrolyte, and no material suitable for the construction of the
cell is competent to withstand the attack of nascent aluminium at
high temperatures. Aluminium is so light that it is a matter
requiring some ingenuity to select a convenient solvent through
which it shall sink quickly, for if it does not sink, it short-
circuits the electrolyte. The molten metal has a specific gmvity
of 2-54, that of molten cryolite saturated with alumina is 2'35,
and that of the fluoride Al2F6. 2NaF saturated with alumina 1*97.
The latter therefore appears the better material, and was originally
preferred by Hall ; cryolite^ however, dissolves more alumina, and
has been finally adopted by both inventors.

Aluminium is a white metal with a characteristic tint

which most nearly resembles that of tin
; when impure, or
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after prolonged exposure to air, it has a slight violet shade.

Its atomic weight is 27 (26*77, 11=1, according to J.

Thomsen). It is trivalent. The specific gravity

of cast metal is 2*583, and of rolled 2*688 at
4° C. It melts at 626° C. (freezing-point 654*5°, Heycock
and N'eville). It is the third most malleable and sixth

most ductile metal, yielding sheets 0*000025 inch in thick-

ness, and wires 0*004 inch in diameter. When quite

pure it is somewhat harder than tin, and its hardness is

considerably increased by rolling. It is not magnetic.

It stands near the positive end of the list of elements

arranged in electromotive series, being exceeded only by
the alkalis and metals of the alkaline earths

j
it therefore

combines eagerly, under suitable conditions, with oxygen
and chlorine. Its coefficient of linear expansion by heat

is 0*0000222 (Richards) or 0*0000231 (Roberts-Austen)

per VC, Its mean specific heat between 0° and 100° is

0*227, and its latent heat of fusion 100 calories (Richards).

Only silver, copper, and gold surpass it as conductors of

heat, its value being 31*33 (Ag = 100, Roberts-Austen).

Its electrical conductivity, determined on 99*6 per cent,

metal, is 60*5 per cent, that of copper for equal volumes,

or double that of copper for equal weights, and when
chemically pure it eAibits a somewhat higher relative

ej0ficiency. The average strength of 98 per cent, metal is

approximately shown by the following table :

—

Elastic Limit,
tons per

square inch.

Ultimate
Strength, tons
per square

inch.

Reduction of
Area per
cent.

Cast . 3 7 16
Sheet 11 35
Bars . 6i 12 40
"Wire.... 7-13 13-29 60

Weight for weight, therefore, aluminium is only ex-

ceeded in tensile strength by the best cast steel, and its

own alloy, aluminium bronze. An absolutely clean surface

becomes tarnished in damp air, an almost invisible coating

of oxide being produced, just as happens with zinc
;
but

this film is very permanent and prevents further attack.

Exposure to air and rain also causes slight corrosion, but
to nothing like the same extent as occurs with iron, copper,

or brass. Commercial electrolytic aluminium of the best

quality contains as the average of a large number of tests,

0-48 per cent, of silicon and 0*46 per cent, of iron, the

residue being essentially aluminium itself. The metal in

mass is not affected by hot or cold water, the foil is very

slowly oxidized, while the amalgam decomposes rapidly.

Sulphuretted hydrogen has no action upon it, therefore

articles made of it are not blackened in foggy weather or

in rooms where crude coal gas is burnt. To inorganic

acids, except hydrochloric, it is highly resistant, ranking
well with tin in this respect; but alkalis dissolve it quickly.

Organic acids such as vinegar, common salt, the natural

ingredients of food, and the various extraneous substances

used as food jpreservatives, alone, or mixed together, dis-

solve traces of it if boiled for any length of time in a
chemically clean vessel

;
but when aluminium utensils are

submitted to the ordinary routine of the kitchen, being
used to heat or cook milk, coffee, vegetables, meat, and
even fruit, and are also cleaned frequently in the usual

fashion, no appreciable quantity of metal passes into the

food. Moreover, did it do so, the action upon the human
system would be infinitely less harmful than similar doses

of copper or of lead.

The highly electro-positive character of aluminium is

most important. At elevated temperatures the metal
decomposes nearly all other metallic oxides, wherefore it

is most serviceable as a metallurgical reagent. In the
casting of iron, steel, and brass, the addition of a trifling
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proportion (0*005 per cent.) removes oxide, and renders

the molten metal more fluid, causing the finished products
to be more homogeneous, free from blow-holes, and solid

all through. On the other hand, its electro-positive nature
necessitates some care in its utilization. If it be exposed
to damp, to sea-water, or to corrosive influences of any
kind in contact with another metal, or if it be mixed with
another metal so as to form an alloy which is not a true

chemical compound, the other metal being highly negative

to it, powerful galvanic action will be set up, and the
structure will quickly deteriorate. This explains the

failure of boats built of commercially pure aluminium
which have been put together with iron or copper rivets,

and the decay of other boats built of a light alloy, in

which the alloying metal (copper) has been injudiciously

chosen. It also explains why aluminium is so difficult

to join with low-temperature solders, for these mostly

contain a large proportion of lead. This disadvantage,

however, is often overestimated, since in most cases other

means of uniting two pieces are available.

The metal produces an enormous number of useful

alloys, some of which, containing only 1 or 2 per cent.

of other metals, combine the lightness of alu-

minium itself with far greater hardness and
strength. Some with 90 to 99 per cent, of other metals

exhibit the general properties of those metals conspicuously

improved. Among the heavy alloys, the aluminium bronzes

(Cu, 90-97*5 per cent.; AJ, 2*5-10 per cent.) occupy the

most important position, showing mean tensile strengths

increasing from 20 to 41 tons per square inch as the per-

centage of aluminium rises, and all strongly resisting

corrosion in air or sea-water. The light copper alloys, in

which the proportions just given are practically reversed,

are of considerably less utility, for although they are fairly

strong, they lack power to resist galvanic action. This

subject is far from being exhausted, and it is not improbable

that the alloy - producing capacity of aluminium may
eventually prove its most valuable characteristic. In the

meantime, ternary light alloys appear the most satisfactory,

and tungsten and copper, or tungsten and nickel, seem

to be the best substances to add.

The uses of aluminium are too numerous to mention.

Probably the widest field is stiU in the purification of iron

Uses
steel. To the general public it appeals

most strongly as a material for constructing

cooking utensils. It is not brittle like porcelain and cast

iron, not poisonous like lead-glazed earthenware and un-

tinned copper, has no enamel to chip off like steel, does

not rust and wear out like cheap tinplate, and weighs but

a fraction of other substances. It is largely replacing

brass and copper in aU departments of industry—especially

where dead weight has to be moved about, and lightness

is synonymous with economy—^for instance, in bed-plates

for torpedo-boat engines, internal fittings for ships instead

of wood, complete boats for portage, motor-car parts, and

boiling-pans for confectionery and in chemical works. The
British Admiralty employ it to save weight in the Navy,

and the Continental war-offices equip their soldiers with it

wherever possible. As a substitute for Solenhofen stone it

is used in a modified form of lithography, which can be per-

formed on rotary printing-machines at a high speed. With
the increasing price of copper, it is coming into vogue as an

electrical conductor for uncovered mains
;

it is found that

an aluminium wire 0*126 inch in diameter will carry as

much current as a copper wire 0*100 inch in diameter,

while the former weighs about 79 lb and the latter 162 &
per mile. Assuming the materials to be of equal tensile

strength per unit of area—hard-drawn copper is stronger,

but has a lower conductivity—the adoption of aluminium

thus leads to a reduction of 52 per cent, in the weight, a

gain of 60 per cent, in the strength, and an increase of

26 per cent, in the diameter of the conductor
;
a saving

in cost of poles is also effected. At present prices (1900)
it is already cheaper than copper per unit of electric

current conveyed; but wffien insulation is necessary, the

smaller size of the copper wire renders it more economical.

Aluminium conductors have been employed on heavy
work in many places outside England, notably for a 30,000
volt current in Washington Territory, U.S.A., which is trans-

mitted a distance of over 30 miles, and similar develop-

ments are proceeding in England, the earliest being at

Northallerton. Eor telegraphy and telephony, aluminium
conductors are in frequent demand, and give perfect

satisfaction. Difficulties were at first encountered in

making the necessary joints, but they have been largely

overcome by practice and experience.

Two points connected with this metal are of sufficient

moment to demand a few words by way of conclusion.

Its extraordinary lightness forms its chief claim to general

adoption, yet is apt to cause mistakes when its price is

mentioned. It is the weight of a mass of metal which
governs its financial value

;
its industrial value, in the vast

majority of cases, depends on the volume of that mass.

Provided it be rigid, the bed-plate of an engine is no
better for weighing 30 cwt. than for weighing 10 cwt.

A saucepan is required to have a certain diameter and a
certain depth in order that it shall hold a certain bulk of

liquid : its weight is merely an encumbrance. Copper
being times as heavy as aluminium, whenever the

latter costs less than 3^ times as much as copper it is

actually cheaper. It must be remembered, too, that

electrolytic aluminium has only been known during the

last decade of the 19th century. Samples dating from
the old sodium days are still in existence, and when they
exhibit unpleasant properties the defect is often ascribed

to the metal instead of to the process by which it was
won. Much has yet to be learnt about the practical

qualities of the electrolytic product, and although every

day^s experience serves to place the metal in a firmer

industrial position, a final verdict can only be passed after

the lapse of time. The individual and collective influence

of the several impurities which occur in the product of

the H^roult cell is still to seek, and the importance of

this inquiry will be seen when we consider that if cast

iron, wrought iron, and steel, the three totally distinct

metals included in the generic name of “iron”—which

are only distinguished one from another chemically by
minute differences in the proportion of certain non-metallic

ingredients—had only been in use for some dozen years,

attempts might occasionally be made to forge cast iron,

or to employ wrought iron in the manufacture of edge-

tools. (e. j. e.)

Al a police burgh and (woollen) manufacturing town
of Clackmannanshire (transferred from Stirlingshire, 1891),

Scotland, 7 miles E. of Stirling, the terminus of a branch

of the North British Railway. Population (1881), 4961;

(1891), 5225; (1901), 4624.

Alverstone, Richard Everard Web-
Stery 1st BAROisr, Lord Chief Justice of England
(1842 ), was born 22nd December 1842, being the

second son of Thomas Webster, Q.C, He was educated at

King’s College and Charterhouse schools, and Trinity

College, Cambridge; was called to the bar in 1868, and
became Q.C. only ten years afterwards. His practice w^as

chiefly in commercial, railway, and patent cases until (June

1885) he was appointed attorney-general in the Conservative

Government in the exceptional circumstances of never

having been solicitor-general, and not at the time occupying

a seat in parliament. He was elected for Launceston in the
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following montli, and in November exchanged this seat for

the Isle of Wight, which he continued to represent until his

elevation to the House of Lords. Except under the brief

Gladstone administration of 1886, and the Gladstone-

Rosebery Cabinet of 1892-95, Sir Richard Webster was

attorney-general from 1885 to 1899. In 1890 he was

leading counsel for the Times in the Parnell inquiry ;
in

1893 he represented Great Britain in the Bering Sea

arbitration; and in 1898 he discharged the same function

in the matter of the boundary between British Guiana and

Venezuela. He was well known as an athlete in his earlier

years, having represented his university as a runner, and

his interest in cricket and foot-racing was kept up in later

life. In the House of Commons, and outside it, he was
throughout his political career prominently associated with

Church work ;
and though he had no claim to a reputation

for eloquence, his speeches were distinguished for the more
solid qualities of gravity and earnestness. In 1899 he

succeeded Sir Nathaniel Lindley as Master of the Rolls, at

the same time being raised to the peerage as Baron Alver-

stone, and in October of the same year he was elevated

to the office of Lord Chief Justice upon the death of

Lord Russell of Killowen.

Alwd.!*! or Ulwar, a native state of India, in the

Rajputana agency. Area, 3051 square miles; population

(1881), 682,926
; (1891), 767,786—average density, 252

persons per square mile; (1901), 828,888, showing an
increase of 8 per cent. When compared with a heavy
decrease elsewhere throughout Rajputana, this increase

may be attributed to the successful administration of

famine relief, under British officials. The gross revenue

in 1896-97 was Rs.27,88,410, of which Rs.20,48,000 was
derived from land, Rs.1,25,000 from salt, and Rs.l,85,000
from interest. The expenditure included Rs.3,59,000

for public works, Es.5,10,706 for imperial service troops,

Rs.3,87,602 for irregular forces, Rs.l,53,000 for palace,

and Rs.3,13,000 for stables, &c. There was a balance of

Rs.65,533000, mostly invested in government securities.

The present Maharaja, Jai Singh, who succeeded in 1892,
was educated at the Mayo College, where he excelled both
in sports and in knowledge of English. Alwdr was the
first native state to accept a currency struck at the
Calcutta mint, of the same weight and assay as the
imperial rupee, with the head of the British Sovereign on
the obverse. Imperial Service troops are maintained, con-
sisting of both cavalry and infantry, with transport. The
state is traversed by the Delhi branch of the Rajputana
railway. A settlement of the land revenue is being
carried out by an English civilian.

The city of AlwIr is situated in 27"* 34' lat. N. and 76**

38' E. long.
;
railway station on the Rajputana line, 98 nnles

from Delhi. Population (1881), 49,87 6 ; (1891), 52,398

;

(1901) 56,740, showing a steady increase. It stands in a
valley overhung by a fortress 1000 feet above. It is sur-

rounded by a rampart and moat, with fi.ve gates, and con-
tains fine palaces, temples, and tombs. The water-supply is

brought from a lake 9 miles distant. It has a high school,

affiliated to the Allahabad university; and a school for
the sons of nobles, founded to commemorate the Diamond
Jubilee of Queen Victoria. The Lady Dufferin hospital is

under the charge of an English lady doctor, with two
female assistants.

AmslkUSSty an island belouging to Japan, 36'| miles
long and 13-| wide, situated in 32® 20' N. lat. and
131® E. long., on the west of the province of Higo,
from which it is separated by the Yatsushiro-kai. It has
no high mountains, but its surface being very hilly—fonr
of the peaks rise to a height of over 1500 feet—^the natives
resort to the terrace system of cultivation with remarkable

success. A number of the heads of the Christians executed

in connexion with the Shimabara rebellion in the 17th

century were buried in this island. Amakusa produces

fine kaolin, which was largely used in former times by the

potters of Hirado and Satsuma.

Amalfi, a town and archiepiscopal see of Campania,
province of Salerno, Italy, on the N. coast of the Gulf of

Salerno, 13 miles W. by S. from Salerno. This part of the

coast produces first-class lemons. Macaroni is manufac-
tured. A serious landslip choked up the harbour in

January 1900. Population, 4792 (1881); 7329 (1901).

Amara, a town of Asiatic Turkey, in the Basra

viMyet, on the left bank of the Tigris, connected with

the right bank by a bridge of boats. It is the chief town
of a rich district and exports grain and dates. Population,

9500.

Amarapura, formerly capital of Emma, now
a subdivision of the Mandalay district, with an area of

304 square miles and a population of 62,310. The old

city of Amarapura is in a state of utter ruin. The
Burmans know it as Myohrung, “ the old city.” It is a
station on the Rangoon - Mandalay railway, and is the

junction for the line to Maymyo and the Kunldng ferry,

and for the Sagaing-Myitkyina railway. The group of

villages calledAmarapura byEuropeans is known to the Bui -

mans as Taung-myo, “the southern city,” as distinguished

from Mandalay, the Myauk-myo, or “ northern city,” 3 miles

distant. Amarapura, though little more than a century

old and abandoned so recently as 1860, is stamped with

the desolation of ages, so completely have the climate and
vandalism changed its aspect. It contains many pagodas.

AmAsia., the chief town of a district in the Sivas

viliyet in Asia Minor, and an important trade centre on the

Samsfin-Sivas road. It was one of the chief towns of the

kingdom of Trebizond, and was much favoured by the

early Osmanli sultans, one of whom, Selim I., was born

there. Amdsia has extensive orchards and fruit gardens ;

and there are steam flour-mills. Wheat, flour, and silk

are exported. In 1895 there was a massacre of Armenians.

Population, 30,000 (Moslems, 20,000, of whom one-third

are Shfas
;
Christians, 10,000).

AmSiZOn.—^The river Amazon, the largest in the

world, has a drainage area of 2,722,000 square miles, if

the Tocantins be included in its basin. It drains four-

tenths of South America, and it gathers its waters from
5® N, to 20® S. latitude. Its most remote sources are

found on the inter-Andean plateau, but a short distance

from the Pacific Ocean
;
and, after a course of about 4000

miles through the interior of Peru and across Brazil, it

enters the Atlantic Ocean on the equator. It is gener-

ally accepted by geographers that the Maranon, or

Upper iinazon, rises in the little lake, Lauricocha,

in 10® 30' S. latitude, and 100 miles N.N.E. of

Lima. They appear to have followed the account given

by Padre Fritz, which has since been found incorrect.

According to Antonio Raimondi, it is the Rio de Nupe
branch of the small stream which issues from the lake

that has the longer course and the greater volume of

water. The Nupe rises in the Cordillera de Huayhuath,
and is the true source of the Maranon. There is a
difference among geographers as to where the Maranon
ends and the Amazon commences, or whether both names
apply to the same river. The Pongo de Manseriche, at
the base of the Andes, and the head of useful navigation,

seems to be the natural terminus of the Maranon
; and an

examination of the hydrographic conditions of the great
valley makes the convenience and accuracy of this

apparent. Raimondi terminates the Maranon at the
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moutli of tlie Ucayali, Reclus the same, both following

the missionary fathers of the colonial period. M. de la

Condamine uses “Amazon” and “Maranon” indiscrimi-

nately, and considers them one and the same. Smith and
Lowe give the mouth of the Javary as the eastern limit,

as does d'Orbigny. Wolf, apparently uncertain, carries

the “Maranon or Amazon” to the Peruvian frontier of

Brazil, at * Tahatinga. Other travellers and explorers

contribute to the confusion. This probably arises from
the rivalry of the Spaniards and Portuguese. The former
accepted the name Maranon, in Peru, and as the

missionaries penetrated the valley they extended the

name until they reached the Ucayali
;

while, as the Portu-
guese ascended the Amazon, they carried its name to the

extent of their explorations. Beginning with the lower

In finding its way to the lowlands, it breaks frequently

into falls and rapids, or winds violently through rocky

gorges, untU, at a point about 100 miles above its

junction with the Tocantins, it saws its way across a rocky

dyke, for 12 miles, in roaring cataracts. The tributaries

of the Tocantins, called the Maranhao and Parana-tinga,

collect an immense volume of water from the highlands

which surround them, especially on the south and south-

east. Between the latter and the confluence with the

Araguay, the Tocantins is occasionally obstructed by
rocky barriers which cross it almost at a right angle.

Through these, the river carves its channel, broken into

cataracts and rapids, or cachoeiras^ as they are called

throughout Brazil. Its lowest one, the Itaboca cataract,

is about 130 miles above its estuarine port of CametA, for

which distance the river is navigable
;
but above that it

is useless as a commercial avenue, except for laborious and

very costly transportation. The flat, broad valleys, com-

posed of sand and clay, of both the Tocantins and its

Araguay branch, are overlooked by steep bluffs. They

are the margins of the great sandstone plateaux, from 1000

to 2000 feet elevation above sea-level, through which the
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river we propose to notice, first, the great alfluents which
go to swell the volume of the main stream.

TrihutaHe^,

The Tocantins is not really a branch of the Amazon,
although usually so considered. It is the great central

fluvial artery of Brazil, running from south to north for a

distance of about 1500 miles. It rises in the mountainous
district known as the Pyrenees

j
but its more ambitious

western affluent, the Araguay, has its extreme southern

headwaters on the slopes of the Serra Cayap6, and flows a

distance of 1080 miles before its junction with the parent

stream, which it appears almost to equal in volume.

Besides its main tributary, the Bio das Mortes, it has twenty
smaller branches, offering many miles of canoe navigation.

rivers have eroded their deep beds. Around the estuary

of the Tocantins the great plateau has disappeared, to

give place to a part of the forest-covered, half-submerged

alluvial plain which extends far to the north-east and
west. The Par^ river, generally called one of the mouths
of the Amazon, is only the lower reach of the Tocantins.

If any portion of the waters of the Amazon runs round
the southern side of the large island of Marajo into the

river Pard., it is only through tortuous, natural canals,

which are in no sense outflow channels of the Amazon.
The XiNGfl, the next large river west of the Tocantins,

is a true tributary of the Amazon. It was but little

known until it was explored in 1884-87 by von den

Steinen, from Cuyaba. Travelling east, 240 miles, he

found the river Tamitatoaba, 180 feet wide, flowing from

a lake 25 miles in diameter. He descended this torrential

stream to the river Romero, 1300 feet wide, entering

from the west, which receives the river Colisii. These

three streams form the Xingfl, or Parana-xingii, which,

from 73 miles lower down, bounds along a succession of

rapids for 400 miles. A little above the head of naviga-

tion, 105 miles from its mouth, the river makes a bend to
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the east to find its way across a rocky barrier. Here is

the great cataract of Itamaracd, which rushes down an

inclined plane for 3 miles and then gives a final leap,

called the Fall of Itamaracd. Near its mouth, the Xingfi

expands into an immense lake, and its waters then mingle

with those of the Amazon through a labyrinth of canos

(natural canals), winding in countless directions through a

wooded archipelago.

The Tapajos, running through a humid, hot, and

unhealthy valley, pours into the Amazon 500 miles above

Para, and is about 1200 miles long. It rises on the

lofty Brazilian plateau near Diamantino, in 14“ 25' S. lat.

Near this place, a number of streams unite to form

the river Arinos, which, at latitude 10° 25', joins the

Juruena, to form the “Alto Tapajos,” so called as low

down as the Rio Manoel, entering from the east. Thence,

to Santarem, the stream is known as the Tapajos. The
lower Arinos, the Alto Tapajos, and the Tapajos to the

last rapid, the Maranhao Grande, is a continuous series of

formidable cataracts and rapids
;
but from the Maranhao

Grande to its mouth, about 188 miles, the river can be

navigated by large vessels. For its last 100 miles, it is

from 4 to 9 miles wide, and much of it very deep. The
valley of the Tapajos is bordered on both sides by bluffs.

They are from 300 to 400 feet high along the lower river

;

but, a few miles above Santarem, they retire from the

eastern side and only approach the Amazon flood-plain

some miles below Santarem.

The Madeira has its junction with the Amazon
870 miles by river above Par4, and almost rivals it in

the volume of its waters. It rises over 50 feet during

the rainy season, and the largest ocean steamers

may ascend it to the Fall of San Antonio, 663 miles

above its mouth ;
but in the dry months, from June to

November, it is only navigable, for the same distance,

for craft drawing from 5 to 6 feet of water. According to

the treaty of San Ildefonso, the Madeira commences at the

confluence of the Guapor6 with the Mamor4. Both of these

streams have their headwaters almost in contact with
those of the river Paraguay. The idea of a connecting

canal is based on ignorance of local conditions. San
Antonio is the first of a formidable series of cataracts and
rapids, nineteen in number, which, for a river distance of

263 miles, obstruct the upper course of the Madeira until

the last rapid, called Guajari. Merim (or Small Pebble), is

reached, a little below the union of the Guapor6 with the
Mamore. The junction of the grpat river Beni with the
Madeira is at the “Madeira” Fall, a vast and grand
display of reefs, whirlpools, and boiling torrents. Between
Guajard-Merim and this fall, inclusive, the Madeira
receives the drainage of the north-eastern slopes of the
Andes, from Santa Cruz de la Sierra to Cuzco, the whole
of the south-western slope of Brazilian Matto-grosso, and
the northern one of the Chiquitos sierras, an area about
equal to that of France and Spain. The waters find their

way to the falls of the Madeira by many great rivers, .the

principal of which, if we enumerate them from east to west,
are the Guapore or Itenez, the Bauxes or Blanco, the
Itonama or San Miguel, the Mamor6, Beni and Mayu-
tata, or Madre de Dios, all of which are reinforced by
numerous secondary, but powerful affluents. The Guapore
presents many difficulties to continuous navigation

;
the

Baures and Itonama offer hundreds of miles of navigable
waters through beautiful plains; the Mamord has been
sounded by the writer, in the driest month of the year, for

a distance of 500 miles above Quajard-Merim, and found
never less than from 10 to 30 feet of water, with a current
of from 1 to 3 miles an hour. Its Rio Grande branch,
explored under the writer’s instructions, was found navig-
able for craft drawing 3 feet of water to within 30 miles
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of Santa Cruz de la Sierra—^a level sandy plain interven-

ing. The Grande is a river of enormous length, rising in

a great valley of the Andes between the important cities of

Sucre and Cobhabamba, and having its upper waters in

close touch with those of the Pilcomayo branch of the great

river Paraguay. It makes a long curve through the moun-
tains, and, after a course of about 800 miles, joins the

Mamore near 15° S. lat. The Chapare, Secure, and
Chimore, tributaries of the Mamore, are navigable for

launches up to the base of the mountains, to within 130
miles of Cochabamba. The Beni has a fall, 18 miles

above its mouth, called “La Esperanza”; beyond this,

it is navigable for 217 miles to the port of Reyes for

launches in the dry season, and larger craft in the wet one.

The extreme source of the Beni is the little river La Paz,

which rises in the inter-Andean region, a few miles south-

east of Lake Titicaca, and flows as a rivulet through the

Bolivian city of La Paz. From this point to Reyes, the

river is a torrent. The principal affluent of the Beni,

and one which exceeds it in volume, enters it 120 miles

above its mouth, and is known to the Indians along
its banks as the Mayu-tata, Its ramifications drain the

slopes of the Andes between 12° and 15° of latitude.

It was long thought to be a tributary of the Purfis,

until the ill-fated Maldonado demonstrated that it be-

longed to the Madeira river system. It is navigable, in

the wet season, to the base of the Andes, to within 180
miles of Cuzco. Its upper waters are separated by only

a short transitable portage from those of the Ucayali.

When, however, the river is low, it is obstructed by
several shoals, and violent, but surmountable currents, and
its middle course has two rapids, each with the usual
“ head, body, and tail.” It has sixty-three islands, great

and small, from its mouth to its principal affluent, the

Inambari, which joins it from the south, flowing along the

base of the Andes. Its bed is definitively formed, its

banks are solid, and the country it traverses is picturesque

and frequently of exceeding beauty. All of the upper
branches of the river Maderia find their way to the falls

across the open, almost level Mojosand Beni plains, 35,000
square miles of which are yearly flooded to an average

depth of about 3 feet, for a period of from three to four

months. They rival if they do not exceed in fertility the

valley of the Nile, and are the healthiest and moat inviting

agricultural and grazing region of the basin of the Amazon.
The PuRiis, a very sluggish river, enters the Amazon

west of the Madeira, which it parallels as far south as the

falls of the latter stream. It runs through a continuous

forest at the bottom of the great depression lying between
the Madeira river, which stots the edge of the Brazilian

sandstone plateau, and the UcayaU, which hugs the base of

the Andes. Chandless found its elevation above sea-level

to be only 107 feet 590 miles from its mouth. It is one
of the most crooked streams in the world, and its length,

in a straight line, is less than half that by its curves. It

is practically only a drainage ditch for the half-submerged,

lake-flooded district it traverses. Its width is very uniform
for 1000 miles up, and, for 800 miles, its depth is never

less than 45 feet. It is navigable by steamers for 1648
miles as far as the little stream, the Curumahd, but only

by light-draft craft. Chandless ascended it 1866 miles.

At 1792 miles, it forks into two small streams. Occasionally

a cliff touches the river, but in general the lands are sub-

ject to yearly inundations throughout its course, the river

rising at times above 60 feet, the numerous lakes to the

right and left serving as reservoirs. Its main tributary,

the Aquiry or Acre, enters from the right about 1104
miles from the Amazon. Its sources are near those of the

Mayu-tata. It is navigable for a period of about five

months of the year, when the Purfis valley is inundated

;
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and, for tlie remaining seven months, only canoes can
ascend it sufficiently high to communicate overland with
the settlements in the great india-rubber districts of the
Mayu-tata and lower Beni : thus these regions are forced

to seek a canoe outlet for their rich products by the very
dangerous, costly, and laborious route of the falls of the
Madeira.

The JuRiTA is the next great southern affluent of the

Amazon west of the Puriis, sharing with this the bottom
of the immense inland Amazon depression, and having aH
the characteristics of the -Punis as regards curvature,

sluggishness, and general features of the low, half-flooded

forest country it traverses. It rises among the Ucayali

highlands, and is navigable and unobstructed for a distance

of 1133 miles above its junction with the Amazon.
The Javary, the boundary line between Brazil and

Peru, is another Amazon tributary of importance. It is

supposed to be navigable, by canoe, for 900 miles above

its mouth to its sources among the Ucayali highlands, but

only 260 have been found suitable for steam naviga-

tion. The Brazilian Boundary Commission ascended it,

in 1866, to the junction of the Shino with its Jaquirana

branch. The country it traverses in its extremely sinuous

course is very level, similar in character to that of the

Juru4, and is a forested wilderness occupied by a few

savage hordes.

The Ucayali, which rises only about 70 miles north

of Lake Titicaca, is the most interesting branch of the

Amazon next to the Madeira. Peru has fitted out many
costly and ably-conducted expeditions to explore it. One
of them (1867) claimed to have reached within 240 miles

of Lima, and the little steamer Napo forced its way up the

violent currents for 77 miles above the junction with the

Pachitea river as far as the river Tambo, or Apurimac,

770 miles from the confluence of the Ucayali with the

Amazon. The Napo then succeeded in ascending the

Urubamba branch of the Ucayali 35 miles above its union

with the Tambo, to a point 200 miles north of Cuzco.

The remainder of the Urubamba, as shown by Bosquet

in 1806, and Castelnau in 1846, is interrupted by cas-

cades, reefs, and numberless other obstacles to navigation.

The Tambo, which rises in the Vilcanota knot of moun-
tains south of Cuzco, is a torrential stream valueless for

commercial purposes. The banks of the Ucayali for 500

miles up are low, and, in the rainy season, extensively

inundated.

The Huallaga, which joins the Amazon to the west

of the Ucayali, rises high among the mountains, in

about lO"* 30' S. lat., on the slopes of the celebrated

Cerro de Pasco. For nearly its entire length, it is an

impetuous torrent running through a succession of gorges.

It has forty-two rapids, its last obstruction being the

Pongo de Aguirre, so called from the traitor Aguirre, who
passed there. To this point, 140 miles from the Amazon,

the Huallaga can be ascended by large river steamers.

Between the Huallaga and the Ucayali lies the famous

“Pampa del Sacramento,” a level region of stoneless

alluvial lands covered with thick, dark forests, first entered

by the missionaries in 1726. It is about 300 miles long,

from north to south, and varies in width from 40 to 100

miles. Many streams, navigable for canoes, penetrate this

region from the Ucayali and the Huallaga. It is still

occupied by savage tribes.

The river MARAfi^ON rises about 100 miles to the north-

east of Lima. It flows through a deeply-eroded Andean

valley, in a north-west direction, along the eastern base of

the Cordillera of the Andes, as far as 5** 36' S. lat.; then

it makes a great bend to the north-east, and with irre-

sistible power cuts through the inland Andes, until, at the

Pongo de Manseriche, it victoriously breaks away from the
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mountains to flow onwards through the plains under the

name of the Amazon. Barred by reefs, and full of rapids

and impetuous currents, it cannot become a commercial
avenue. At the point where it makes its great bend, the

river Chinchipe pours into it from southern Ecuador.

Just below this, the mountains close in on either side of

the Maranon, forming narrows or pongos, for a length of

35 miles, where, besides numerous whirlpools, there are no

less than thirty-five formidable rapids, the series concluding

with three cataracts just before reaching the river Imasa,

or Chunchunga, near the mouth of which La Condamine
embarked, in the 18th century, to descend the Amazon.
Here, the general level of the country begins to decrease

in elevation, with only a few mountain spurs, which, from
time to time, push as far as the river and form pongos of

minor importance, and less dangerous to descend. Finally,

after passing the narrows of Guaracayo, the cerro& gradually

disappear, and, for a distance of about 20 miles, the river

is full of islands, and there is nothing visible from its low
banks but an immense forest-covered plain. But the last

barrier has yet to be passed, the Pongo de Manseriche,

3 miles long, just below the mouth of the Eio Santiago,

and between it and the old abandoned missionary station

of Borja, in 38“ 30' S. lat. and 77“ 30' 40" W. long.

According to Captain Carbajal, who descended it in the

little steamer Napo in 1868, it is a vast rent in the

Andes about 2000 feet deep, narrowing in places to a

width of only 100 feet, the precipices “seeming to close

in at the top.” Through this dark canon, the Maranon
leaps along, at times, at the rate of 12 miles an hour.^

From the northern slope of its basin, the Amazon receives

many tributaries, but their combined volume of water is

not nearly so great as that contributed to the parent stream

by its affluents from the south. That part of Brazil lying

between the Amazon and French, Dutch, and British

Guiana, and bounded on the west by the Eio Negro, is

known as Brazilian Guiana. It is the southern watershed

of a tortuous, low chain of mountains running, roughly,

east and west. Their northern slope, which is occupied by
the three Guianas first named, is saturated and river-tom

;

but their southern one, Brazilian Guiana, is in general

thirsty and semi-barren, and the driest region of the

Amazon valley. It is an area which has been left almost

in the undisturbed possession of nomadic Indian tribes,

whose scanty numbers find it difficult to solve the food

problem. From*the divortwmi aq;mr%m between French

Guiana and Brazil, known as the Tumuc-humac range of

highlands, two minor streams, the Yary and the Paron,

reach the Amazon across the intervening broken and
barren tableland. They are full of rapids and reefs.

The Trombetas is the first river of importance we meet
on the northern side as we ascend the Amazon. Its con- *

fluence with this is just above the town of Obidos. It has

its sources in the Guiana highlands, but its long course is

frequently interrupted by violent currents, rocky barriers,

and rapids. The inferior zone of the river, as far up as

the first fall, the Porteira, has but little broken water and
is low and swampy ; but above the long series of cataracts

and rapids the character and aspect of the valley com-

pletely change, and the climate is much better. The river

is navigable for 135 miles above its mouth.

The Negro, the great northern tributary of the Amazon,
has its sources along the watershed between the Orinoco

and the Amazon basins, and also connects with the

Orinoco at one point. Its main affluent is the Uaupes,

which disputes with the headwaters of the Guaviari

^ One of tlie most daring deeds of exploration ever knotsn in South
America was done by the engineer A. Wertheman. He fitted out

three rafts, in August 1870, and descended this whole series of rapids

and cascades from the Rio Chinchipe to Borja.
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Ijranch of tlie Orinoco the drainage of the eastern slope

of the oriental ” Andes of Colombia. The !Regro is

navigable for 450 miles above its mouth for 4 feet of

"water in the dry season, but it has many sandbanks and

minor difficulties. In the wet season, it overflows the

country far and wide, sometimes to a breadth of 20 miles,

for long distances, and for 400 miles up, as far as Santa

Isabella, is a succession of lagoons, full of long islands

and intricate channels, and the slope of the country is so

gentle that the river has almost no current. But just

before reaching the Uaupes there is a long series of reefs,

over which the river violently flows in cataracts, rapids, and

whirlpools. The Uaupes is full of similar obstacles, some

fifty rapids barring its navigation, although a long stretch

of its upper course is said to be free from them, and to

flow gently through a forested country. Despite the

impediments, canoes ascend this stream to the Andes.

The Brrnico is the principal affluent of the ITegro from the noith ;

it is enriched by many streams from the sierras which separate

Venezuela and British Guiana from Brazil. Its two upper main
tributaries are the TJraricuera and the Taqutd. The latter almost

links its sources with those of the Essequibo. The Branco flows

nearly south, and finds its way into the Negro through several

channels and a chain of lagoons similar to those of the latter

river. It is 350 miles long, up to its TJraricuera confluence. It

has numerous islands, and, 235 miles above its mouth, it is

broken by a bad series of rapids.

The Yapura. West of the ^Jegro the Amazon re-

ceives three more imposing streams from the north-west
—^the Yapurd,, the 19a or Putumayo, and the ISfapo. The
first was formerly known as the Hyapora, hut its Brazilian

part is now called the Yapurd, and its Colombian portion

the Caquetd. Bardo de Marajo gives it 600 miles of

navigable stretches; but Crevaux, who descended it, de-

scribes it as a frightful river—^forests, jungles, rapids,

cataracts, torrential rains, cannibals, and fevers throughout

its course. It rises in the Colombian Andes, nearly in

touch with the sources of the Magdalena, and augments
its volume from many branches as it courses through
Colombia. It was long supposed to have eight mouths

;

hut Eibeiro de Sampaio, in his voyage of 1774, determined
that there was but one real mouth, and that the supposed
others are all/wros or canos. In 1864-68, the Brazilian

Government made a somewhat careful examination of the
Brazilian part of the river, as far up as the rapid of

Cupaty. Several very easy and almost complete water-
routes exist between the Yapurd and Negro across the
low, flat intervening country. Bardo de Marajo says there

are six of them, and one which connects the upper Yapurd
with the Uaupes branch of the Negro

;
thus the Indian

tribes of the respective valleys have facile contact with
each other.

The I9A, or Putumayo, west of and parallel to the
Yapurd, was found more agreeable to navigate by Crevaux.
He ascended it in a steamer drawing 6 feet of water, and
running day and night. He reached Cuemby, 800 miles
above its mouth, without finding a single rapid. Cuemby
is only 200 miles from the Pacific Ocean, in a straight
line, passing through the town of Paste in southern
Colombia. There was not a stone to be seen up to the
base of the Andes; the river banks were of argillaceous
earth and the bottom of fine sand.

The Napo rises on the flanks of the volcanoes of Anti-
Sana, Sincholagua, and OotopaxL Before it reaches the
plains, it receives a great number of small streams from
impenetrable, saturated, and much broken mountainous
districts, where the dense and varied vegetation seems to
fight for every square foot of ground. From the north,
it is joined by the river Coca, having its sources in
the gorges of Cayambe on the equator, and also a power-
ful river, the Aguarico, having its headwaters between
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Cayambe and the Colombian frontier. From the west, it

receives a secondary tributary, the Curaray, from the

Andean slopes, between Cotopaxi and the volcano of

Tunguragua. From its Coca branch to the mouth of the

Curaray, the Napo is full of snags and shelving sand-

banks, and throws out numerous canos among jungle-

tangled islands, which in the wet season are flooded,

giving the river an immense width. From the Coca to

the Amazon,- it runs through a forested plain where not a

hill is visible from the river—^its uniformly level hanks
being only interrupted by swamps and lagoons. From
the Amazon, the Napo is navigable for river craft up to

its Curary branch, a distance of about 216 miles, and
perhaps a few miles farther; thence, by painful canoe
navigation, its upper waters may be ascended as far as

Santa Rosa, the usual point of embarkation for any
venturesome traveller who descends from the Quito table-

land. The Coca river may be penetrated as far up as its

middle course, where it is jammed between two mountain
walls, in a deep canon, along which it dashes over high
falls and numerous reefs. This is the stream made famous
by the expedition of Gonzalo Pizarro.

The Nanay is the next Amazon tributary of importance
west of the Napo. It belongs entirely to the lowlands,

and is very crooked, has a slow current, and divides much
into canos and strings of lagoons which flood the fiat, low
areas of country on either side. It is simply the drainage

ditch of districts which are extensively overflowed in the

rainy season. Captain Butt ascended it 195 miles, to near

its source.

The Tigbb is the next west of the Nanay, and is navig-

able for 125 miles from its confluence with the Amazon.
Like the Nanay, it belongs wholly to the plains. Its

mouth is 42 miles west of the junction of the Ucayali
with the Amazon. Continuing west from the Tigre

we have the Parinari, Chambira, and Nucuray, all short

lowland streams, resembling the Nanay in character.

The Pastaza is the next large river we meet. It rises

on the Ecuadorian tableland, where a branch from the

valley of Biobamba unites with one from the Latacunga
basin and breaks through the inland range of the Andes

;

and joined, afterwards, by several important tributaries,

finds its way south-east among the gorges
;
thence it turns

southward into the plains, and enters the Amazon at a
point about 60 miles west of the mouth of the Huallaga.

So far as known, it is a stream of no value except for

canoe navigation. Its rise and fall are rapid and un-

certain, and it is shallow and full of sandbanks and snags.

The Morona flows parallel to the Pastaza and immedi-
ately to the west of it, and is the last stream of any
importance on the northern side of the Amazon before

reaching the Pongo de Manseriche. It is formed from a
multitude of water-courses which descend the slopes of the

Ecuadorian Andes south of the gigantic volcano of Sangai;

but it soon reaches the plain, which commences where it

receives its Cusulima branch. The Morona is navigable

for small craft for about 300 miles above its mouth, but
it is extremely tortuous. Canoes may ascend many of its

branches, especially the Cusulima and the Miazal, the

latter almost to the base of Sangai. The Morona has
been the scene of many rude explorations, with the hope
of finding it serviceable as a commercial route between the

inter-Andean tableland of Ecuador and the Amazon river,

A river called the Paute dashes through the Eastern Andes
from the valley of Cuenca

; and a second, the Zamora, has
broken through the same range from the basin of Loja.

Swollen by their many affluents, they reach the lowlands
and unite their waters to form the Santiago, which flows

into the Maranon at the head of the Pongo de Manseriche.
There is but little known of a trustworthy character re-
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garding this river, but Wolf says that it is probably navig-

able up to the junction of the Paute with the Zamora.

The Main Biver,

The Amazon Main Eiver is navigable for ocean
steamers as far as Iquitos, 2300 miles from the sea, and

486 miles higher up for vessels drawing 14 feet

c^acter-*
as far as Achual Point. Beyond that,

istics.
* according to Tucker, confirmed by Wertheman,

it is unsafe
;

but small steamers frequently
ascend to the Pongo de Manseriche, just above Achual
Point. The average current of the Amazon is about 3
miles an hour

;
but, especially in flood, it dashes through

^ome of its contracted channels at the rate of 5 miles.

The U.S. steamer Wilmington ascended it to Iquitos in

1899. Commander Todd reports that the average depth
of the river in the height of the rainy season is 120 feet.

It commences to rise in November, and increases in

volume until June, and then falls until the end of

October. The rise of the Negro branch is not syn-

chronous; for the steady rains do not commence in its

valley until February or March. By June it is full, and
then it begins to fall with the Amazon. According to

Bates, the Madeira “rises and sinks” two months earlier

than the Amazon, The Amazon at times broadens to

4 and 6 miles. Occasionally, for long distances, it divides

into two main streams with inland, lateral channels, all

connected by a complicated system of natural canals,

cutting the low, flat igajoo lands, which are never more
than 15 feet above low river, into almost numberless

islands. At the narrows of Obidos, 400 miles from the

sea, it is compressed into a single bed a mile wide and
over 200 feet deep, through which the water rushes at the

rate of 4 to 5 miles an hour. In the rainy season it

inundates the country throughout its course to the extent

of several hundred thousand square miles, covering the

flood-plain, called vargem. The flood-levels are in places

from 40 to 50 feet high above low river. Taking four,

roughly equidistant places, the rise at Iquitos is 20 feet,

at Teff6 45, near Obidos 35, and at Pard 12 feet.

The first high land met in ascending the river is on the

north bank, opposite the mouth of the Xingfl, and extends

for about 150 miles up, as far as Monte Alegre. It is a
series of steep, table-topped hills, cut down to a kind of

terrace which lies between them and the river. Monte
Alegre reaches an altitude of several hundred feet. On
the south side, above the Xingfi, a line of low bluffs ex-

tends, in a series of gentle curves with hardly any breaks

nearly to Santarem, but a considerable distance inland,

bordering the flood plain, which is many miles wide.

Then they bend to the south-west, and, abutting upon the

lower Tapajos, merge into the bluffs which form the terrace

margin of that river valley. The next high land on the

north side is Obidos, a bluff, 56 feet above the river, backed

by low hills. From Serpa, nearly opposite the river

Madeira, to near the mouth of the Eio Negro, the banks
are low, until approaching Manaos, they are rolling hills

;

but from the Negro, for 600 miles, as far up as the

village of Canaria, at the great bend of the Amazon, only

very low land is found, resembling that at the mouth
of the river. Vast areas of it are submerged at high

water, above which only the upper part of the trees

of the sombre forests appear. At Canaria, the high land

commences and continues as far as Tabatinga, and thence

up stream.

On the south side, from the Tapajos to the river

Madeira, the banks are usually low, although two or lihree

hills break the general monotony. From the latter river,

however, to the Ucayali, a distance of nearly 1500 miles,

the forested banks are just out of water, and are inundated
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long before the river attains its maximum flood-line.

Thence to the Huallaga the elevation of the land is some-
what greater

;
but not until this river is passed, and the

Pongo de Manseriche approached, does the swelling ground
of the Andean foot-hills raise the country above flood-

level.

The Amazon is not a continuous incline, but probably

consists of long, level stretches connected by short inclined

planes of extremely little fall, sufficient, however, owing
to its great depth, to give the gigantic volume of water a
continuous impulse towards the ocean. The lower Amazon
presents every evidence of having once been an ocean bay,,

the upper waters of which washed the cliffs near Obidos.

Only about 10 per cent, of the water discharged by the-

mighty stream enters it below Obidos, very little of which
is from the northern slope of the valley. The drainage

area of the Amazon basin above Obidos is about 1,945,000
square miles, and, below, only about 423,000 square miles,

or say 20 per cent., exclusive of the 354,000 square miles

of the Tocantins basin.

The width of the mouth of the monarch river is usually

measured from Cabo do Norte to Punto Patijoca, a distance

of 207 statute miles
;
but this includes the ocean outlet,

40 miles wide, of the Par4 river, which should be de-

ducted, as this stream is only the lower reach of the

Tocantins.

Following the coast, a little to the north of Cabo do
Norte, and for 100 miles along its Guiana margin up the

Amazon, is a belt of half-submerged islands and shallow

sandbanks. Here the tidal phenomenon called the horej

or Pororoca, occurs, where the soundings are not over 4
fathoms. It commences with a roar, constantly increasiog,

and advances at the rate of fiom 10 to 15 miles an
hour, with a breaking wall of water from 5 to 12 feet

high. Under such conditions of warfare between the

ocean and the river, it is not surprising that the former is

rapidly eating away the coast and that the vast volume of

silt carried by the Amazon finds it impossible to build up a
delta.

The Amazon is not so much a river as it is a gigantic

reservoir, extending from the sea to the base of the imdes,

and, in the wet season, varying in width from 5 to 400
miles. Special attention has already been called to the

fourteen great streams which discharge into this reservoir,

but it receives a multitude of secondary rivers, which iu

any other part of the world would also be termed great.

For 350 years after the discovery of the Amazon, by
Pinzon, in 1500, the Portuguese portion of its basin

remained almost an undisturbed wilderness,

occupied by Indian tribes whom the food quest tion, trade,

had split into countless fragments. It is doubt-

ful if its indigenous inhabitants ever exceeded one to

every 5 square miles of territory, this being the maxi-
mum it could support under the existing conditions of

the period in question, and taking into account Indian

methods of life. A few settlements on the banks of the

main river and some of its tributaries, either for trade

with the Indians or for evangelizing purposes, had
been founded by the Portuguese pioneers of European
civilization. The total population of the Brazilian portion

of the Amazon basin in 1850 was perhaps 300,000, of

whom about two-thirds were white and slaves, the latter

numbering about 25,000. The principal commercial city,

Par4, had from 10,000 to 12,000 inhabitants, including

slaves. The town of Manlos, at the mouth of the Eio

Negro, had from 1000 to 1500 population; but all the

remaining villages, as far up as Tabatinga, on the Brazilian

frontier of Peru, were wretched little groups of houses

which appeared to have timidly effected a lodgment on the

river bank, as if they feared to challenge the mysteries of
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the sombre and gigantic forests behind them. The value

of the export and import trade of the whole valley in 1850

was but i£500,000.

On the 6th September 1850, the great emperor, Dorn

Pedro II., sanctioned a law authorizing steam navigation

on the Amazon, and confided to an illustrious Brazilian,

Barao Maud, (Irineu Evangilista de Sousa), the task of

carrying it into effect. He organized the “ Compania de

N‘aviga9ao e Commercio do Amazonas ” at Eio de Janeiro

in 1852
;
and in the following year it commenced opera-

tions with three small steamers, the Monarchy the Marajo^

and Bio Negro, At first, the navigation* was principally

confined to the main river; and even in 1857 a modifica-

tion of the Government contract only obliged the company
to a monthly service between Pard, and Manaos, with

steamers of 200 tons cargo capacity, a second line to

makS six round voyages a year between Manaos and
Tabatinga, and a third, two trips a month between Pard,

and Cametd,. The Government paid the company a sub-

vention of ,£3935 monthly. Thus the first impulse of

modern progress was given to the dormant valley. The
success of the venture called attention to the unoccupied :

field ; a second company soon opened commerce on the

Madeira, Purfis, and Negro; a third established a line

between Pard, and Manaos
;
and a fourth found it profit-

able to navigate some of the smaller streams
;
while, in the

interval, the Amazonas Company had largely increased its

fine fleet. Meanwhile private individuals were building

and running small steam craft of their own, not only upon
the main river but upon many of its affluents. The
Government of Brazil, constantly pressed by the maritime

powers and by the countries encircling the upper Amazon
basin, decreed, on the 31st July 1867, the opening of the

Amazon to all flags ; but limited this to certain defined

points—^Tabatinga, on the Amazon; Cametd,, on the

Tocantins; Santarem, on the Tapajos; Borba, on the

Madeira; Manaos, on the Bio Negro; the decree to take

effect on 7th September of the same year. Pard, is

now a city of over 100,000 inhabitants, Manaos has
about 40,000, and the Peruvian town of Iquitos, 10,000.

In 1898 there entered the port of Pard, 503 ocean steamers

and 123 sailing ships—^a total of 610,597 tons; and in

1899 the entries of English ocean-going ships reached

314,646 tons register. The first direct foreign trade with
Manaos was commenced about 1874, There is now a
regular service of two English, one Italian, and one
Portuguese line—^a total of 35 steamships, representing

52,953 tons register. There is also a Brazilian line of

seven ships, of 1999 tons each, running between Manaos
and Bio de Janeiro.

The local trade of the river is carried on by the Eng-
lish successors to the Amazonas Company—^the Amazon
Steam Navigation Company—with 29 steamers, aggregating

9184 registered tons. In addition to its excellent fleet,

there are 150 small river steamers belonging to companies
and firms in the rubber trade, and 12 of from 150 to 300
tons each, navigating the Negro, Madeira, and Puriis rivers.

The principal exports of the valley are india-rubber, cacao,

Brazil nuts, and a few other products of very minor im-
portance. The india-rubber yield is now from 25,000 to

26,000 tons yearly. The finest quality comes from the
Acre and Beni districts of Bolivia, especially from the valley

of the Acre (or Aquiry) branch of the river Purfis. The
yield of these for 1898 was 3151 tons, of which 2000
tons was the official e*stimate of the product of the Acre
district; for 1899, it was 1150 tons; and for the first

eleven months of 1900 it was only 791 tons, the decrease
being due to the recent unsuccessful attempt of the rubber
collectors to segregate the region of the Acre from Bolivia

and form a separate republic. Of the rubber production
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of the Amazon basin, the State of Par4 gives about 40 per
cent. The cocoa tree is not cultivated, but grows wild in

great abundance. The quantity exported for 1899 was 4054
tons. There is but one railway in the whole valley. It

runs frgm Par4 towards the coast and is 65 miles long.

The cities of Para and Manaos have excellent tramways,
many fine public buildings and private residences, gardens
and public squares, all of which give evidence of artistic

taste and great prosperity. The import dues collected at

the port of Par4 in 1899 by the national Government
amounted to £844,000. The revenues of the State of

Amazonas for the same year were nearly £750,000, oi

which £476,000 were derived from export duties.

The number of inhabitants in the Brazilian Amazon#
basin (the States of Amazonas and Pard) is purely a matter
of rough estimate. There may be 500,000 or 600,000, or

more ; for the immigration, during recent years, from the
other parts of Brazil has been large, due to the rubber
excitement. The influx from the State of Ceara alone,

from 1892 to 1899 inclusive, reached 98,348.

As Commander Todd, in his report to the United States

Government, says ;
“ The crying need of the Amazon valley

is food for the people. ... At the small towns along the
river it is nearly impossible to obtain beef, vegetables, or

fruit of any sort, and the inhabitants depend largely upon
river fish, mandioc, and canned goods for their subsistence.

. . . The ship's company lived, the greater part of the
time, upon the regular sea ration, and any ship ascending
the Amazon should be well supplied with its own provisions,

as it is impossible to live upon the country.” Although
400 years have passed since the discovery of the Amazon
river, ^there are probably not 20 square miles of its basin
imder cultivation, excluding the limited and rudely
cultivated areas among the mountains at its extreme head-
waters, which are inaccessible to commerce. The extensive

exports of the mighty valley are entirely derived from the
products of the forest. (g. b. o.)

Am^ZOnsiSf the largest state of Brazil, in the ex-

treme west of the Bepublic, has an area of 732,250 square
miles. The population in 1872 was 56,610, and in 1890
147,915, of whom nearly two-thirds were Indians. The
capital, Manaos, at the mouth of the Bio Negro, has a
population of 30,000, The chief towns are Teffe, Ita-

coatiara (or Serpa), Parintins, Codajaz, and San Gabriel.

(See also under Amazon.)

AmazonaiSy an interior department of northern
Peru, with an area of 13,943 square miles and a popula-
tion officially estimated at 70, 676 in 1896, It is subdivided
into three provinces, Bongara, Luya, and Chachapoyas;
the principal town, Chachapoyas, has a population of 6000.

Ambala.. See Umballa.

Amba IVIaria.nn. See Abyssinia.

Ambers', a town of Bavaria, Germany, district

Upper Palatinate, 42 miles E. from Nuremberg by rail.

The manufacture of stoneware, zinc goods, and colours is

carried on. A former Jesuit monastery is now used for a
grammar school and seminary. There are a pilgrimage
church, on a hiU 1621 ft. high, a large convict prison for
men, an industrial and commercial school, &c. Population,
15,812 (1885); 20,200 (1895); 22,039 (1900).

Ambleside, a market-town in the Appleby parlia-

mentary division of Westmoreland, England, a mile from
the north end of Windermere. Becent erections are a
preparatory school for the novitiate of St Norbert's
Home and assembly rooms. Bobbins are manufactured,
and in the neighbourhood are slate quarries. Area of
parish (an urban district), 4421 acres. Population in
1881, 1989; in 1891, 2360; in 1901, 2536.
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Al1flboyiia.y a Dutch, colony and residency in the

east of the East Indian archipelago, which shares with

the residency of Ternate the administration of the

Moluccas, the previous Government of which was abolished

in 1867. The residency includes a mass of islands in the

Banda Sea (2^ 30'-8^ 20' S. and 125" 45'-135" E!) and
is now divided for administrative purposes into nine

districts {afdeelingen) \ 1, Amboyna, the island of that

name; 2, Saparua, with Oma and Nusa Laut; 3, Kajeli

(Eastern Burn)
; 4, Masareti (Western Burn)

; 5, Kairatu
(Western Ceram); 6, Wahai (the northern part of Mid-
Ceram); 7, Amahai (the southern part of Mid-Ceram);

8, The Banda Isles, with East Ceram, Ceram Laut, and
Goram; 9, The islands of Aru, K4, Timor Laut or

Tinimber, and the south-western islands. Since 1874
several residents (Riedel, van Hoevell, <fec., see below)

have contributed to the geography and ethnography of

various groups. The population of the residency (area,

about 19,840 square miles) was estimated in 1898 at

295,768 (natives 291,763, Europeans 2346, Chinese 913,

Arabs 722, other foreigners 24). The products and
means of subsistence in the different groups of islands vary,

the culture of cloves being mainly confined to Banda and
Amboyna

;
shipbuilding and the timber trade to the Ke

islands
;
the extraction of cajuput oil to Burn. The ship-

ping, fisheries, and trade are unimportant and generally

declining.

See van Hoevell, Ambon en de EUaser (Dordreclit, 1875).

—

Riedel, De slmk-en hroeshaHge rassen tusschen Seiches en Pajpua
(den Haag, 1886).

—

Martin, Reisen in den Molukhen (Leiden,

1894).

Amboyna. (Dutch Amlori)^ the chief island and
town of the above residency. The former, lying between
3" 28'-3" 48' S. and 127^* 58'-128" 26' E., is the last of a
series of volcanic isles which form an inner circle in the

archipelago round the Banda Sea (Martin). The highest

mountains, Wawani (3609 feet) and Salhutu (4020 feet),

have hot springs and solfataras. They are considered

to be volcanoes, and the mountains of the neighbouring

Uliasser islands the remains of volcanoes. Granite and
serpentine rocks predominate

;
but the shores of Amboyna

bay are of chalk, and contain stalactite caves (the chief,

Batu Lobang). The surface is fertile, the rivers are small

and not navigable, and the roads are mere footpaths. Cocoa
is one of the products. The population (estimated at

30,000) is divided into two classes—orang lorger or

citizens, and orang negri or villagers, the former being a

class of native origin enjoying certain privileges conferred

on their ancestors by the old Dutch East India Company.
The chief town and seat of the resident and mihtary com-
mander of the Moluccas is protected by Fort Victoria, a

clean little town with wide streets and numerous schools

and churches. Agriculture, fisheries, and trade furnish the

chief means of subsistence. The combined value of the

exports and imports of late years has been about £85,000
(£83,333 literal conversion). The population is about

8000 (788 Europeans, 696 Chinese, 351 Arabs, 6218
natives).

Ambriz. See Angola.

Ambrosia.stera—k commentary on St Paul's

Epistles, ‘‘brief in words but weighty in matter," and
valuable for the criticism of the Latin text of the I7ew
Testament, was formerly but erroneously attributed to St

Ambrose
;
and its author is usually spoken of as Ambrosi-

aster or pseudo-Ambrose. In modern days it has been
ascribed to almost every known Hilary (owing to the fact

that St Augustine cites it as by “ Sanctus Hilarius "), and
to many other writers

;
above all to Hilary the Roman

deacon and (by Langen) to the presbyter Faustinus.

Dom Morin has lately argued, with very great plausibility,

that the author was one Isaac the Jew, who became a
Christian and joined the party of the anti-pope Ursinus,

and was instigated by them to make criminal charges

against Pope Damasus. These were ultimately dismissed,

and Isaac was exiled to Spain 378-380. In 380 he re-

lapsed to Judaism
;
and nothing appears to be known of

his later life.

Dom Morin first shows that none of the earlier attempts to
identify Anibrosiaster can be accepted as satisfactory

;
that the

QiiacstioTies Veiei'is et Novi Testamenti formerly ascribed to Augus-
tine are also his (the attempt of 0, Marold to disprove this
bieaking down entirely)

;
that he wrote between 374 and 384 A. D.,

and that he lived and wrote at Rome. Then he compares the
Quaestiones and Commentaria with the little tract of Isaac the Jew*
on the Trinity and Incarnation, and with an incomplete Ex^ositio
Fidei printed by Caspari {KirchenhisL Amcdota, 304 f), which, if

not part of the same work, is nearly allied to it
;
and the com-

parison shows how close their literary and theological affinities

are. Next, Ambrosiaster’s writings are shown to contain just
such characteristics as might be expected from Isaac the Jew : a
captious spirit of reform, exact knowledge of Judaism, and a
legalist temperament

;
whilst there is no insuperable objection to

such authoiship. And lastly, the later history of Isaac would
account for the subsequent uncertainty as to the authorship of the
writings.

See G. Morin. ‘

*

L’Ambrosiaster et lejuif converti Isaac” inRevm
d'histoire et de litterature religienses, tom. iv. 97 f. Paris, 1899.—^Arnold. Art. “ Ambrosiaster ” in Herzog-Hauck, ReaUEncy-
klopadie fur jyrotestantische Theologie, i. 44L Leipzig, 1896.—J.

Langen. Geschichte der romiscken Kvrchc^ i. 600 f. Bonn, 1881.

(w. E. Co)

Ambula.nce>—Medical organization for military

field service comprises all the arrangements for the care

and treatment of the sick and wounded from the time
they are injured or taken ill till they are able to return to

duty or are invalided home. In the British service, not
only land transport but hospital ships are required. The
working of the system is as follows (the case of a soldier

wounded in action in South Africa being taken as an
example). When he falls he is attended by the regimental

surgeon and stretcher-bearers, who apply some extemporized
method of stopping bleeding and dress the wound with the

dressing—a packet of antiseptic appliances—which every

fighting man carries stitched into the inside of his tunic,

and which contains all things necessary for dressing and
bandaging an ordinary gunshot wound. From the field

he is carried on a stretcher by the men of the bearer com-
pany of the Royal Army Medical Corps to the collect-

ing station, where he is placed in an ambulance waggon
of the first line of assistance and taken to the dressing

station. Here his wound will be examined, any operation

urgently required will be performed, and a specification tally

stating the nature of the injury and any other important

facts connected with the case will be attached to him
(if this has not already been done by the regimental sur-

geon), in order to avoid the disturbance and pain of

repeated examinations. After this, and perhaps the ad-

ministration of nourishments, stimulants, or opiates, the

patient is moved to the field hospital in an ambulance
waggon of the second line of assistance. From the field

hospital he is transferred as soon as possible by the

ambulance train to a general hospital at the advanced base

of operations, and from there in due time in another train

to the base of operations at the coast, from which he is

ultimately either returned to duty or sent home in a

hospital ship.

The organization by which these requirements are ful-

filled is the following :—^Every regiment and fighting unit

has posted to it, on proceeding on active service, a medical
“ ofi&cer who looks after the health of the men and advises

,
the commanding officer on sanitary matters. When the

I

regiment goes into action he takes command of the regi-
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mental stretcher-bearers to the number of two per company and sedatives, and then carry them back on stretchers to

who have previously been instructed in first aid and in the the collecting station in the rear, whence they are conveyed

carrying of the wounded on stretchers. These men leave to the dressing station in waggons or other form of trans-

their arms behind and wear the Bed Cross armlets so as to port (mule cacolets or litters in mountainous districts

be under the protection of the Geneva Convention, but where wheeled carriages cannot go, camel cacolets and

when a battle takes the form of magazine rifle fire, con- litters in the Sudan, dhoolies or Lushai dandies in India,

hammock^ on the West Coast of Africa, or

sedan chairs in China). Cacolets are seats

slung on each side of a pack saddle. British

ambulance waggons (Figs. 1, 3), which are

built very strongly to stand rough roads,, are

of several patterns. They have been reported

upon as heavy and uncomfortable in the

South African war, and they can only carry

two men so seriously wounded as to have to

lie down, besides those seated
; but a new

vehicle has been tried which will convey four

cases lying down as well as six seated, or

fourteen all seated. All patterns of waggons
weigh from to 18| cwt. At the dressing

station—^which ought to be out of range of

the firing, and near a good water supply—the

patient is made as comfortable as possible

;

nourishment and stimulants are administered,

and he is then taken to the field hospital.

There is one field hospital to each brigade,

but since in larger organizations extra accom-

modation is required for the corps troops not

included in brigades, such as the ammunition
Fiq. i.--.Type of British Army Ambulance. supply columns, balloon and bridging detach-

tinued for many hours without either side advancing or ments, &c., the total number of field hospitals for an

retiring much, it may not be the fault of the enemy that army corps (roughly speaking
^

40,000 men) is ten. In

the bearers and medical officers are sometimes shot in times of great stress when it is desirable to remove the

attending to the wounded. wounded quickly from the field, and there are no roads, or

The bearer company, into whose charge the wounded wheeled transport is not obtainable, it is becoming the

man next passes, is composed of three officers, thirteen custom to employ bearers in large numbers, temporarily

non-commissioned officers, and forty-eight privates of the engaged, whom a little training will render fairly

Eoyal Army Medical Corps, with a detachment of the efficient for the purpose. This was done in Natal at the

Army Service Corps for transport duties. There is one battle of Spion Kop, and also in the Egyptian campaigns,

such bearer company to every brigade, and six to an army where the local troops not required for the fighting line

corps, and their duties are to collect and succour the were requisitioned, and the arrangement was in both in-

wounded on the battlefield, handing them over to the stances considered successful.

field hospitals, with which the companies are closely In India the rank and file of the Boyal Army Medical

associated, though separately organized. In the Indian Corps are not employed, the bearer work being carried out

by natives called kahars, specially enlisted.

These men are bearers by caste, and are

most expert in carrying the dhoolies and
dandies which are used instead of stretchers

—except those used by the regimental (Euro-

pean) stretcher-bearers—and their courage

on the battlefield is the admiration of all

beholders. The same remark applies to the

bheesties or water-carriers, who also accom-

pany the troops into action. The ambulance

organization of the army in India thus

differs materially from that elsewhere. The
main difference is that, as already stated,

the rank and file of the Boyal Army Medical

Corps are not employed, although the com-

missioned officers are. The warrant and
Fio. 2.—Plan of Improved United States Army Ambulance. non-commissioned ranks are replaced by a

most useful body of men of imglo-Indian
army the bearer company is provided pro t&ni. from the or Eurasian birth called the Subordinate Medical Depart-
personnel of the field hospital when there is a battle, and meat, the members of which, now called assistant
then reverts to the hospital again after it is over. The surgeons, formerly apothecaries, receive a three
teaching of the South African war rather points to the years’ training in medical work at the T-ndia.Ti organiza-
advantage of the Indian plan, for after action the bearer universities, and are competent to perform the tioaoftbe

company personnel should be available to give the much- compounding of medicines and to undertake the
needed help in the work of the field hospital. The bearers management of all but the most serious cases of

afford the wounded any treatment necessary, supply water illuftfift and injury. The privates of the Boyal Army Medical
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Corps are replaced by natives graded as ward servants, cooks,

water-carriers, and sweepers. The caste system necessitates

this division of labour, and the men are not so efficient or so

trustworthy as the regular soldiers whose places they take.

The bearers of the sick and wounded are a separate and
distinct class, as above explained, apd they are in part

attached to regiments as a portion of the regimental trans-

port, and in part to the field hospital bearer companies
on mobilization. The dandies, a more portable form
of the old-fashioned dhoolie, are very comfortable, and
have a canvas roof and curtains to keep off sun and rain.

They are borne slung on a long bamboo upon the

shoulders of four or more men, but being very heavy
and clumsy are not well suited for mountain warfare;

moreover, as they cannot be folded up into a smaller

compass for transport like a stretcher, they take up a
great deal of room in railway trucks, and cannot be
carried on the backs of animals. Hence riding ponies

and mules are much used in Indian warfare for transport-

ing the less severely wounded men. The ambulance tongas

of India are small, very strongly built two-wheeled bullock

or mule carriages capable of carrying four men seated or

two lying down; but the most serious cases are carried

in dandies all the way from the held to the hospital. In

India it is necessary to provide separate hospitals for the

white and black troops, and also to have accommodation in

the latter case for the large numbers of non-combatant camp-
followers who are employees of the commissariat depart-

ment, servants, grooms, cooks, bullock- and mule-drivers,

and the like. The frontier war of 1897-98 may be taken

SCALE.
^Feet.

Fig. 8.—Plan of Uritish Army Ambulance.

to illustrate the medical organization of the Indian army.

In that war 18,688 white troops, 41,677 native troops,

and 32,696 followers were engaged, and for the accommo-
dation of these there were fourteen field hospitals for white

troops and twenty-two for native troops, each having 100

beds. Attached to the corps engaged were 150 dandies,

274 stretchers, and 900 bearers, while the field hospitals

and bearer companies had a personnel of 9658, with 720
dandies and 720 tongas.

Field hospitals are each supposed to provide accommo-
dation for 100 patients, who live upon their own field rations

- suitably cooked and supplemented by medical
' comforts. The patients are not supplied with

• hospital clothing, nor do they have beds, but lie on straw

spread on the ground and covered with waterproof sheets

and blankets. Thus field hospitals can and must at times

accommodate more than the jproper number of patients, but

in the South African war their resources were at times con-

siderably overtaxed, with consequent discomfort and hard-

ship. These hospitals are supposed to move with the army,
and therefore it is imperative to pass the wounded quickly

back from them to the hospitals on the lines of communi-
cation (which vary in number according to the length of

that line), and thence to the general hospital at the base.

The. size of these hospitals on the lines of communication
varies according to circumstances

;
they are as a rule dieted—^that is to say, proper hospital diets and not field rations

are issued to the patients, who also have beds and proper

hospital clothing. In these hospitals there may be nursing

sisters, who are unsuited for the rough life and work nearer

the front. Sisters may also be employed on the hospital

trains, which were found very useful in the South African

war, being fitted with beds, kitchens, dispensaries, <kc,, so

that the patients were removed long distances in comfort.

Having arrived at the base of operations the wounded are

transferred to the general hospitals. The numbers and
S.I.— 45
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situation of these vary with circumstances and require-

ments, hut according to regulations there is supposed to

be one of 520 beds to each field force of 20,000 men.

Each is fully equipped with beds, clothing, diets, (fee.,

and the staff consists of 21 officers, 9 nursing sisters,

3 warrant officers, 25 non-commissioned officers, and

about 120 privates. There are separate officers' wards.

In South Africa, owing to the impossibility of the Eoyal

Army Medical Corps meeting all the requirements of the

enormous force engaged, many of the officers attached

were civil doctors, and the rank and file were often civilians

drawn from the St John's Ambulance Brigade and men

Fig. 4. —Type of English Civil Ambulance (side and rear viev)

temporarily enlisted from the Volunteer Medical Staff
Corps. Many of the nursing sisters belonged to the Army
Nursing Eeserve, who are ordinarily employed in the civil

hospitals, but liable to be drafted to the seat of war.
In the South African war the patriotism and liberality

of the British public furnished several general hospitals,

perfectly equipped and officered by some of the most
eminent members of the medical profession in the United
Kingdom. Among others may be mentioned the Princess
Christian, the Imperial Yeomanry (both field and general),
the Langman, the Portland, the Irish, Scottish, and
Welsh hospitals. In addition to the staff of these
hospitals, several eminent surgeons, including Sir Wm.
Mac Oormac and Sir Frederick (then Mr) Treves, went out
as consultants. These civil hospitals were staffed entirely

by civilians, except that
^
an officer of the R.A.M.C. was

attached to each as administrator and organizer; and
their personnel was made up of physicians, surgeons,

nurses, dressers (who weie medical students, and in some
cases qualified surgeons), and servants. The numbers of

course varied according to the size of the hospitals
;
in

the case of the Portland hospital of 100 beds, for example,
the staff comprised 41 individuals of the various giadcs.

Lastly, our wounded man is transferred to a hospital

ship. This is fitted up with comfoi table swinging cots

in airy wards, refrigerators, punkahs for hot weather, and
every other luxury which modern science can supply. Each
division of an army corps is supposed to have attached

to it, when necessary, a hospital ship of 200 or 250
beds, which is provided with medical officers, nursing

Pig. 5.—Type of American Civil Ambulance (side and rear view).

sisters, and the same staff and equipment as hospitals

ashore.

The medical staff of the regular army in the South African war
in its later stage comprised the following officers :—1 surgeon-

general, 11 colonels, 41 lieut. -colonels, 183 majors, 71 captains, and
115 lieutenants—total 422 officers. The total strength of the Eoyal
Army Medical Corps at that time was 905, and out of the balance

there were 365 officers employed in other foreign stations, and
only 118 at home. This shows how severely the war taxed the
resources of the corps. Probably there were as many civil,

colonial, and volunteer medical officers employed at the front as

therO were army medical office! s. Of the rank and file of the Eoyal
Army Medical Corps there were over 3000 men employed, and
about the same number of St. John’s ambulance men, and other

civilians and volunteers. To the army medical organization in

war time is affiliated that of the Red Cross Society and other

charitable associations, which during the South African war aided
the medical services greatly by the provision of clothing, money,
and numerous luxuries for the sick and wounded.
The material and equipment for the hearer companies, field

hospitals, &c., are stored in times of peace at the various head-
quarters stations in the United Kingdom, and on the orders for
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mobilization being issued, tbe personnel told oif for each unit
repairs to the allotted station, draws the equipment and transport,
and embarks with the brigade to which it is attached. The trans-

port of the ambulance department has profited by the concentra-
tion in strength of drugs, and the arrangements whereby space is

economized. As the fitting man can carry in his wallet nourish-
ment enough for thirty-six hours in the form of an emergency
ration m a tin the size of a cigar-case, and enough sweetening
material in the form of saccharine to last him
a fortnight, in a bottle the size of a watch, so

the medical department can take compressed
tabloids of drugs, each tabloid being a dose, and
each taking up about one-tenth of the space the
drug would otherwise occupy

; while the med-
ical officers can carry hypodermic cases, not so riiH
large as ordmary cigarette-cases, containing a
syimge and hundreds of doses of highly con- * HBh
centrated remedies. The traction - engines
with the army can supply steam - power for

X - ray and electric - light work, ice - making,

The American Civil War (1861-65) marked
the commencement of the modern ambulance

F in system. The main feature, how-
hospital organization

live taken by this society, ambulance corps have been formed in
most large towns of the United Kingdom

;
and police, railway ser-

vants, and workmen have been insti noted how to render ‘‘first

aid” pending the arrival of a doctor (Fig. 4). This Saniaiitan
work has been further developed and extended to most paits of the
Biitish Empire, notably to Canada, Australia, and India. In the
United States the civil ambulance is not general. Each city has its

owm system and organization. In some the ambulance service is

M a hospital organization
Metnoas.

throughout that campaign was
the railway hospital service, which provided
for the rapid conveyance of the sick and
wounded to the rear of the contending

'

armies. These hospital carriages (Fig. 2),

equipped with medical stores and appliances
for the transport of cases from the front to

the base, were rapidly introduced into other armies, and played
a great part in the ambulance service of the Franco-German
w^ar. On the continent of Europe, the two rival military
Powers, France and Germany, who were not slow to follow the
American lead, have since 1871 still further developed and im-
proved their ambulance systems. The German hospital service

for armies in the field was modified and extended by the “ Kriegs
Sanitats ordnung ” of 1878 and the “ Kriegs Etappen ordnung ” of

1887, which completed the organization by the addition in time of

war of numerous subordinate offices and departments. The peace
organization does not materially differ from the English syslem.
The mam divisions of the ambulance organization of the German
army in the field would now fall into (1) sanitary detachments

;

(2) field hospitals
; (8) flying hospitals ; hospital reserve dep6ts

;

(5) commissions of transport ambulance ; and (6) railway hospital

trains. The whole administration of the ambulance service of
the grand army in the field is in the hands of the chief of the
army sanitary staff, who is attached to headquarters. Next in
command come surgeons-general of armies operating in the field,

surgeons-general of army corps, and under them again surgeons-
in-chief of divisions and regiments. Civil consulting- surgeons
of eminence, notably professors from the universities, are also

attached to the various armies and divisions to co-operate with
and act as adviseis to the surgeons of the standing military sur-

gical staff. The hospital transport service on the lines of com-
munication is highly organized, and the hospital railway carriages

are equipped on an elaborate scale. The French ambulance system,
finally settled by the r^glement of 1884, is organized on almost
identical lines with the German. But the chief poiut wherein the
German and French ambulance systems differ from the British

lies in the military organization of the volunteer assistance

offered by the various Red Cross societies under the Geneva flag.

Whereas in France and Germany such aid is officially recognized

and placed under direct military control, the English Red Cross

societies act side by side with, but independently of, the military

ambulance organization. In Germany the volunteer organiza-

tion is presided over by an imperial commissioner or inspector-

general, appointed in peace time, who in time of war is attached

to the headquarters staff. His functions are to control the
relations of the various Red Cross societies, and to secure their

harmonious inter-working. Delegates appointed hy^ him are

attached to the various corps and transport commissions. No
volunteer assistance can be utilized which is not entirely subor-

dinated to the military control, and which has not already in peace

time received official recognition, and been organized on a skeleton

footing. Moreover, only persons of German nationality can be
employed nnder it writh the armies in the field. In the case of

base hospitals situate in Germany itself, the services of foreigners

may be enlisted by special permission of the war office. In France,

in the main, the same rules obtain in the case of the volunteer

hospital service.

Civil cmbulances.—In 1878 the British ambulance association

of St. John of Jerusalem was founded. Its object was to render

first aid to persons injured in accidents on the road, railway, or

in any of the occupations of civil life. As a result of the initia-

PiQ. 6.—Type of Motor Ambulance.

worked by the police, as in Boston
; in others, notably New York,

by the hospitals (Figs. 5, 6), whilst Chicago boasts an admirable
ambulance service under municipal control. Apart from these
“Samaritan” services, as they may be called, there is also in
most of the larger cities of America a specially organized police
ambulance for the rapid conveyance of arrested persons to the
police stations. In most of the capitals of Europe there are like-

wise civil ambulance organizations dispensing “first aid” in
urgent cases, but their modus operandi is in no special feature
distinguishable from that of the ambulance association of St:

^ohn, (j.R.D.)

Amedeo Ferdinando Maria di
Savoia, Duke of Aosta (1845-1890), third son of

Yictor Emmanuel IT., king of Italy, and of Adelaide, arch-

duchess of Austria, was born at Turin on 30th May 1845,

Entering the army as captain in 1859 he fought through the

campaign of 1866 with the raiik of major-general, leading

his brigade into action at Custozza and being wounded at

Monte Torre. In May 1867 be married tbe Princess

Maria Carlotta Del Pozzo della Cisterna. In 1868 be
was created vice-admiral of tbe Italian navy, but, two
years later, left Italy to ascend tbe Spanish throne, bis

reluctance to accept tbe invitation of tbe Cortes having
been overridden by the Italian Cabinet. On 16tb
November 1870 be was proclaimed king of Spain by tbe

Cortes
;
but, before be could arrive at Madrid, Marshal

Prim, chief promoter of bis candidature, was assassinated.

Undeterred by rumours of a plot against bis own bfe,

Amedeo entered Madrid alone, riding at some distance

from bis suite to tbe church where Marshal Primes body
lay in state. His efforts as constitutional king were
paralysed by tbe rivalry between tbe various Spanish
factions, but with tbe approval of bis father be rejected

all idea of a cov^ Though warned of a plot against

his life (18tb August 1872) be refused to take precautions,

and, while returning from Buen Eetiro to Madrid in

company with tbe queen, was repeatedly shot at in Via
Avenal. Tbe royal carriage was struck by several revolver

and rifle bullets, tbe horses wounded, but its occupants

escaped unhurt, A period of calm followed tbe outrage.

On lltb February 1873, however, Amedeo, abandoned by
bis partisans and attacked more fiercely than ever by bis

opponents, signed bis abdication. Upon returning to

Italy be was cordially welcomed and reinstated in bis

former position. His consort, whose health bad been
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ttndermiTied by anxiety in Spain, died on 3rd November 1890) he died at Turin in the arms of his elder brother,

1876. Not until 11th September 1888 did Amedeo con- King Humbert L, leaving four children—the duke of

tract his second marriage with his niece, Princess Letitia Aosta, the count of Turin, the duke of the Abruzzi, and the

Bonaparte, Less than two years later (18th January duke of Salemi. (h. w. s.)

AMERICA.

The historical accident that resulted in the use of a

single name, America, for the pair of continents that

has a greater extension from north to south than

foliation
Other continuous land area of the globe,

‘ has had some justification in recent years, since

geological opinion has begun to turn in favour of the

theory of the tetrahedral deformation of the earth’s crust

as affording explanation of the grouping of continents and

oceans. America, broadening in the north as if to span

the oceans by reaching to its neighbours on the east and
west, tapering between vast oceans far to the south where

the nearest land is in the little-known Antarctic regions,

roughly presents the triangular outline that is to be

expected from tetrahedral warping
;
and although greatly

broken in the middle, and standing with the northern and
southern parts out of a meridian line, America is never-

theless the best witness among the continents of to-day to

the tetrahedral theory. There seems to be, however, not

a unity but a duality in its plan of construction, for the

two parts. North and South America, resemble each other

not only in outline but, roughly speaking, in geological

evolution also
;
and the resemblances thus discovered are

the more remarkable when it is considered how extremely

small is the probability that among all the possible com-
binations of ancient mountain systems, modern mountain
systems, and plains, two continents out of five should

present so many points of correspondence. Thus regarded,

it becomes reasonable to suppose that North and South
America have in a broad way been developed under a
succession of somewhat similar strains in the earth’s

crust, and that they are, in so far, favourable witnesses

to the theory that there is something individual in the

plan of continental growth. The chief points of corre-

spondence between these two great land masses, besides

the southward tapering, are as follows:—(1) The areas

of ancient fundamental rocks of the north-east (Lauren-
tian highlands of North America, uplands of Guiana
in South America), which have remained without signi-

ficant deformation, although suffering various oscilla-

tions of^ level, since ancient geological times
; (2) the

highlands of the south-east (Appalachians and Brazilian

highlands) with a north-east south-west crystalline axis

near the ocean, followed by a belt of deformed and meta-
morphosed early Palaeozoic strata, and adjoined farther

inland by a dissected plateau of nearly horizontal later

Palaeozoic formations—^aU greatly denuded since the ancient
deformation of the mountain axis, and seeming to owe
their present altitude to broad uplifts of comparatively
modern geological date; (3) the complex of younger
mountains along the western side of the continents
(Western highlands, or Cordilleras, of North America;
Andean Cordilleras of South America) of geologically

modern deformation and upheaval, with enclosed basins

and abundant volcanic action, but each a system in itself,

disconnected and not standing in alignment; (4) con-
fluent lower lands between the highlands, giving river

drainage to the north (Mackenzie, Orinoco), east (St

Lawrence, Amazon), and south (Mississippi, La Plata).

Differences of dimension and detail are numerous, but they
do not suffice to mask what seems to be a resemblance in
general plan. Indeed, some of the chief contrasts of the

two continents arise not so much from geological unlike-^

ness as from their unsymmetneal situation with respect to

the equator, whereby the northern one lies mostly in the

temperate zone, while the southern one lies mostly in the

torrid zone. North America is bathed in frigid waters

around its broad northern shores
;
its mountains bear huge

glaciers in the north-west
;
the outlying area of Greenland

in the north-east is shrouded with ice; and in geologic-

ally recent times a vast ice -sheet has spread over its

north-eastern third
;
while warm waters bring corals to its

southern shores. South America has warm waters and
corals on the north-east, and cold waters and glaciers only

on its narrowing southern end. If the symmetry that is

so noticeable in geological history had extended to climate

as well, many geographical features might now present

likenesses instead of contrasts.

When America is compared with the continents of the

Old World, an important correspondence is found between
its northern member and the greater part of Eurasia

;
but

here the corresponding parts are reversed, right and left,

like the two hands. The Laurentian highlands agree with

Scandinavia and Finland, both having escaped deformation

since very ancient times. A series of water bodies (the

Great lakes in North America, the southern Bahic, with

Onega, Ladoga, &c., in Europe) occupy depressions that

are associated with the boundary between the very ancient

lands and their less ancient covering strata. The old

worn-down and re-elevated Appalachian mountains of

south-eastern North America agree well with the Her-

cynian mountains of similar history in middle Europe

(Ardennes, Slate mountains of the middle Hhine, &c.), each

range entering the Atlantic at one end (in Nova Scotia

and Newfoundland
;
in Brittany, Wales, and Ireland), and

dipping under younger formations at the other. Certain

younger ranges—seldom recognized as mountains because

they are mostly submerged in the American mediterraneans

(Gulf of Mexico and Caribbean Sea), but of great absolute

relief and with crests rising in the larger West Indian

islands—may be compared with the younger ranges of

southern Europe (Pyrenees, Al^s, Caucasus) bordering the

classic Mediterranean and the seas farther east. The
central plains of North America correspond well with the

plains of Russia and western Siberia
;
both stretch from

great enclosed water bodies on the south to the Arctic

Ocean, and both are built of undisturbed Palaeozoic strata

toward the axis of symmetry and of younger strata away

from it. Finally, the Western highlands of North America

may be compared with the great mountain complex of

central and eastern Asia. In this remarkable succession

of resemblances, we find one of the best proofs of the

continental unity of Eurasia, however independently

Europe and Asia should have been developed on a tetra-

hedral earth, and however fully the separation of these

two grand divisions is demanded on historical and poli-

tical grounds. Moreover, the resemblances thus described

controvert the idea, prevalent when geology was less

advanced than to-day, that the New World of civilised

discovery is an “old world” geologically, and that the

Old World of history is geologically “new.” Both

worlds are so old, and both share so well the effects of

successive geological changes from the most ancient to
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the most modern periods, that neither can regard the
other as older or younger than itself. No simple
generalization is admissible concerning the age of any-
thing whose history is so complicated as that of a
continent. *

The climatic contrasts between North and South
America are replaced by several climatic similarities

between North America and Eurasia. The Appalachians
and the Hercynian mountains of middle Europe both
contain extensive coal deposits of similar geological age,
thus indicating a climatic and geographic resemblance at
a time of great antiquity. The Laurentian highlands and
the Scandinavian highlands were both heavily and repeat-
edly glaciated in recent geological times, and the ice

sheets that crept out on all sides from those centres

spread far over the lower lands to the south and away
from the axis of symmetry towards the continental in-

terior, scouring the central highlands and leaving them
rocky and barren, strewing extensive drift deposits over
the peripheral areas, and thus significantly modifying their

form and drainage; while the much loftier mountain
ranges of western America and central Asia suffered,

singularly enough, a far less extensive glaciation. At
the present time, the plentiful and well-distributed rainfall

of the continental border on either side of the Atlantic is

succeeded by an increasing aridity towards the continental

interior, until the broad plains that rise towards the
distant mountain complexes are comparatively barren or

even desert. Within each greater mountain area exten-
|

sive interior drainage basins are found holding salt lakes,

and the suspected former extension of these lakes in

central Asia agrees well with the proved extension of the

lacustrine conditions in western North America. In
matters of temperature, however, there are certain con
trasts, as will be more fully stated below when the ques-

tion of climate is discussed.

North America.

The following sketch of the geological development of

North America considers the larger physiographic divisions

in the order already presented.

The extensive area of ancient crystalline rocks (Archaean),

stretching from Labrador past Hudson Bay to the Arctic

r Ocean, is of greatly disordered structure, and

highlands, must have once had a mountainous form.

Moreover, the crystallme texture and deformed
foliation of the rocks prove that the surface now seen

was once buried deep beneath the surface pf an earher

time, for only at great depths can such texture and
foliation be acquired. Both these lines of evidence lead

to the conclusion that the moderate relief prevalent over

the existing Laurentian region is the work of persevering

erosion during a long continuance of dry land conditions,

and hence that the region must be regarded as one of

those worn-dovm mountain systems which so eloquently

testify to the vast duration of geological time. But the

full value of this testimony is appreciated only when it is

discovered that the worn-down old land is gently over-

lapped, chiefly around the south and west, and south of

Hudson Bay, by very eeCrly Palaeozoic strata which rest

upon the eroded surface of the crystallines, thus proving
that the destruction of the ancient mountains had already

been accomplished before some of the oldest fossiliferous

formations of the world had been deposited. All the
evidence goes to prove that from then to now the Lauren-
tian region has been relatively quiescent, as if the forces

of deformation had been exhausted by their efforts in the
earlier ages of the earth's history. In all subsequent
time there have been here no such great crushings and
upheavals as have occurred elsewhere, but only moderate
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oscillations of level, one of which allowed the transgression

of the ancient sea in which the overlapping strata were
deposited, while another of much more modern date gave
the region its present highland altitude (1000 to 2000 feet;

mountains near the Labrador coast, 8000 feet), again offer-

ing it to the forces of erosion.

It is this ancient Laurentian area that the earlier

geologists named the “ Continental Nucleus," as if it had
been the first part of North America to rise from the

primeval waters of an assumed universal ocean. The
“Archaean V," formed by the two arms of the Laurentian
oldland stretching from Labrador to the Arctic, between
which Hudson Bay is included, has been repeatedly de-

scribed as the oldest area of the continent, the beginning
around which many later additions have built the existing

outlines; and as such it has been adduced in favour of

the theory of the permanence of continents. But when
thus stated, the half of the story in favour of this theory

is not told, Hudson Bay is not due to a primitive failure

of elevation between the arms of the “ Archaean Y " ;
it

is not a deep basin whose floor has never emerged from
the primeval ocean, but an ancient and comparatively

shallow depression in a pre-existent land, over which the

sea flowed as the surface sank below sea- level. South
and west from the “Archaean Nucleus,” the Cambrian
strata of the medial plains of North America are found to

lie, wherever their base is discovered, on a foundation
that possesses all the essential features of the Laurentian
oldland. This relation is found all around the Adiron-
dack mountains in New York, along the Appalachians
southward to Georgia, through the Mississippi basin in

Wisconsin and Missouri, and beyond in Texas, and farther

west in the Black Hills, as well as certain points in the

Bocky Mountains region. Hence the pre-Cambrian land
surfape of the continent must have had not only a vastly

greater area than was formerly attributed to it, but also

an earlier origin ; for at the time when it was thought by
the older geologists to be first rising from the primeval

ocean, it is now proved to have been slowly sinking after

a prolonged land existence. The crystalline Archaean
rocks in the Laurentian region and its scattered fellows

cannot possibly be explained as a primitive sea bottom,

rising above sea-level to make the beginning of a continent

and receiving Cambrian strata upon its still submerged
borders, but only as portions of an already old and deeply-

denuded land area, which was in pre-Cambrian time much
larger than the visible Laurentian area of to-day, and
which was reduced to perhaps half its primeval dimensions

by a gradual submergence beneath the transgressing sea

in which the Cambrian sediments were laid down. We
are thus led to believe that much of the continent of

to-day was a continent in the earliest geological times, and
that the seas which partly covered it in Palaeozoic and
Mesozoic time were due to partial submergence, not to

partial emergence. Furthermore, all the marine strata

that now stretch over a large part of what is believed to

have been the ancient continental surface are of relatively

shallow water origin
;
none of them bear any close re-

semblance to the deposits of the deep oceans that have

been so well studied in the last thirty years. Hence the

Palaeozoic and Mesozoic seas of North America were not

deep oceans, and as far as this continent is concerned it is

by no means admissible to assume, as some of the Earlier

geologists did, that the position of continents and oceans

have repeatedly changed places. The testimony of the

rocks is decidedly in favour of Dana’s view that continental

masses are relatively permanent, and hence also, as far as

stability is concerned, in favour of the theory of a tetra-

hedral earth.

The early history of the Laurentian region has been
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dwelt upon because of its great importance in the history

of the continent, and because its history has so generally

been misunderstood. To these reasons may be added a

third : through Palseozoic and Mesozoic time the history

of the Laurentian region is for the most part a blank.

Records are wanting from the early Palaeozoic to the Pleis-

[north

tocene, when the Laurentian uplands became the centres

from which the ice sheets of the Glacial period spread out

on all sides. As a result of this late chapter in the history

of the region, the weathered soils of earlier periods were

swept away along with an unknown amount of firm rock,

leaving bare ledges^ scattered boulders, and gravelly drift

AMERICA

to-day upon a rugged upland without mountains (except

in north-east Labrador), but diversified by innumerable

knobs and hollows. The drainage of the region has thus

been thrown into disorder
3

large and small lakes and
marshy hoUows abound; the streams are repeatedly in-

terrupted by rapids, and frequently split into two or more
channels, enclosing islands many miles in length. They
axe the only highways of this thinly inhabited region.

The Appalachian province is a generally hilly and moun-
tainous belt, stretching from N'ewfoundland to Alabama.
It seems for the most part to have belonged
in the earliest times to the great pre-Cambrian
land area, of which the Laurentian highland bigb^ds.
is the more manifest representative

;
for where-

ever the basal members of the Palseozoic sedimentary series

are found in the* Appalachians, they rest upon a floor of
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denuded Arclisean rocks, and tte lo’w^est layers are largely

composed of Archaean detritus. This province must, how-
ever, be set aside from the undisturbed Laurentian region

because of the repeated movements of depression, deforma-

tion, and elevation that it has suffered, generally along a
north-east south-west trend, causing the successive alter-

nations of heavy deposition, and almost equally heavy
denudation that have prevailed with varying intensity

during the whole stretch of geological time covered by the

fossiliferous record. The earliest important mountain-
making disturbances interrupted the conditions of de-

position in Cambrian time, and produced what has
been called the Green Mountain system. A later, and
probably greater, disturbance, with its climax at the close

of Carboniferous time, established the Appalachian Moun-
tain system

; but, as understood to-day, the “ Appalachian
revolution ” of the older geologists should be regarded as

a long-lasting process, perhaps intermittently enduring as

long as the whole of Carboniferous time. A subordinate

period of deposition and deformation occurred early in

Mesozoic time, marked by the accumulation and disturb-

ance of several basins of the Newark formation, roughly

corresponding to the Triassic of Europe.

The Appalachian mountains of to-day were formerly

regarded as the unconsumed remnants of the chief Appa-
lachian uplift

;
but it is now generally agreed that Mesozoic

erosion reduced the greater part of the range to a lowland

of moderate or small relief, leaving only isolated groups

of subdued mountains in the areas of the most resistant

rocks, and that the altitude and form of the mountains are

chiefly the result of the Tertiary elevation and dissec-

tion of the previously worn-down mass,—^the additional

height thus given in Tertiary time to the pre-existent

subdued mountain groups making them now the loftiest

areas of the range, as in the White Mountains of New
Hampshire (Mount Washington, 6293 feet), and the Black

Mountains of North Carolina (Mount Mitchell, 6711 feet).

It is interesting to note that the axis of Tertiary elevation

is nearly parallel to and closely associated with the axes

of the earlier disturbances, but it lies somewhat to the

north-west of its predecessors, and therefore involves con-

siderable areas of flat-lying Palaeozoic strata on the inner

side of the previously disturbed belt from New York to

Alabama, thus producing what is known as the Allegheny

plateau (altitudes, 2000 to 4000 feet). It should be added
that the Osark plateau of Missouri and the Ouachita moun-
tains on the south in Arkansas and farther west are related

to one another in much the same way as the Allegheny

plateau and the middle ranges of the Appalachians—the

two pairs corresponding to a remarkable degree in regard

to conditions of ancient accumulation, mediaeval deforma-

tion and denudation, and more modern uplift and dissec-

tion; it is, therefore, admissible to classify this western

group of uplifts as an annex to the normal Appalachians.

Numerous and extensive coal seams occur in the worn-

down Appalachians of Nova Scotia, Pennsylvania, and
Alabama, as well as in the Allegheny plateau from Penn-

sylvania to Aabama, and in the extension of the same
strata through the Ohio and middle Mississippi basins.

The eastern coast of the continent has a ragged shore

line from Maine to Greenland, with numerous submerged
lowlands and valleys forming bays, and as many uplands

and ridges outstretching in promontories and islands;

this being the result of the summation of many move-
ments of the land, whose total gives an increasing measure

of depression to the north where an archipelago at last

replaces what was probably once a comer of the continent

;

but the measure of the depression is uncertain, because of

the doubt regarding the depth beneath sea-level to which

the Pleistocene glaciers may have worn the pre-Glacial
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valleys- South of New England, along the Atlantic coast,

and around the border of the gulf into Mexico, the

dominating movement of the land in late geological

periods has been upward with respect to sea-level, where-

by a former sea bottom, on which the land waste of

Cretaceous and Tertiary times had been outspread, was
revealed as a coastal plain, across which the rivers of the

former land area now extend their courses, from the old

shore line to the new. Part of the same plain, still sub-

merged, forms the “ continental shelf ” of the mid-Atlantic

border. Florida seems to be a projecting swell of this

shelf, around whose extremity coral reefs have been
added, but whose greater mass is still under a shallow sea

cover. Along the ragged coast in the north a moderate
and very modern movement of elevation has laid bare

clay-floored lowlands that were lately beneath the sea, as

in the plain of the lower St Lawrence valley, while

along the coastal plain of the south a slight movement
of depression has drowned a number of low valley floors,

producing shallow arms of the sea, as Chesapeake Bay,

Albemarle and Pamlico Sound, and Mobile Bay.

The great complex of mountains in the Western high-

lands, sometimes styled the Cordilleras of North America
(the Eocky Mountains being the eastern members
of the system in the United States and Canada),

differ from the Laurentian and Appalachian
regions in having suffered numerous disorderly America,
movements at dates so recent that the existing

relief of the region bears a significant relation to its

irregular uplifts
;
a relation that doubtless once obtained

in the older mountain areas of the east, where it has now
been obliterated by erosion. It is not, however, only in

modern geological periods that mountain-making disturb-

ances have prevailed in the regions of the Western high-

lands ; their geological history is one of repeated and long

continued movement—^the ruins of the more ancient up-

heavals supplying materials for the strata of newer ranges.

For example, in Canada an axial belt of ancient rocks is

bordered on the east and west by stratified formations of

enormous thickness (40,000 to 60,000 feet), those on thewest

including a large share of contemporaneous volcanic mate-

rials ; all three belts having been deformed and upheaved, as

well as deeply dissected in the later chapters of geological

time. It is, however, important to note that the interval

between Palaeozoic and Mesozoic time, in which mountain-

making disturbances were so general in western Europe and
eastern North America that the older geologists thought

them to be of world-wide extent, was here generally passed

over in relative quiet, so that continuous sedimentation

produced in certain districts a conformable series of de-

posits from Silurian to Cretaceous time. Furthermore,

the Carboniferous period, which gained its name from the

extensive coal deposits that were then formed in western

Europe and eastern North America, was a marine lime-

stone-making period in the CordiUeran region. If the

science of geology had had its origin on the Pacific side of

America, some of its early generalizations would have

been very different from those which gained credence in

the lands bordering the North Atlantic.

There is here exemplified, as might be expected in a

region extending over 3000 miles from Alaska to southern

Mexico, and measuring over 1000 miles in breadth at its

middle, a great variety of plateau and mountain structures.

The broad upheaval of adjacent blocks of earth-crust with-

out significant tilting or disturbance has produced the

plateaus of Arizona and Utah, Some of the simplest and
youngest mountain ridges in the world are to be found in

the broken and tilted lava blocks of southern Oregon.

Tilted blocks on a larger scale, much more affected by
processes of sculpture, are found in the lofty St EHas
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Alps of Alaska, tlie site of some of the greatest glaciers

in the woiid. The wall of a huge fracture, now elaborately

carved, constitutes the western slope of the Wahsatch

range, facing the desert basin of Utah. Eanges of a

relatively simple arch structure are seen in the Uinta

mountains of Wyoming and Utah. Arched upheavals

also characterize the front range of the Eocky Mountains

proper in Colorado and Wyoming and in the Black Hills

of South Dakota, bending up the strata of the adjacent

plains in the simplest fashion, and producing dome-like

mountains, now deeply dissected by outflowing consequent

streams. A remarkable change occurs in the structure of

the Eocky Mountains north of the Missouri river in

Montana and northward into Canada, where the front

range is of synclinal or trough structure, with the

youngest instead of the oldest rocks along the axis, while

the strata of the plains are bent down and overridden in

the most abnormal manner. Indeed, mountain structure

occurs of so great diversity in various parts of the

Cordilleran region as to elude general description. The
disturbances extend directly to the western coast line,

including not only the coast range of California, but the

peninsular area of Lower California (belonging to Mexico)

and the detached mountainous islands of British Columbia
and Alaska.

Volcanoes of commanding form here and there domi-
nate the plateaus and mountains. Orizaba, Popocatepetl

and their neighbours, terminating the Cordilleran system
in Mexico

; Mount San Francisco, bearing snow and Arctic

plants above the nearly desert plateau of Arizona
;
Mount

Shasta, with small glaciers in northern California
; Mount

Rainier, with extensive glaciers surmounting the Cascade
range of Washington

;
Mount Wrangell in Alaska, and

farther on the many cones in the curved chain of the

Aleutian islands : all these have been heaped up around
vents through which their lavas rose from some deep
source. Vast lava floods have been poured out at different

times. Extensive lava beds, barren and rugged, cover

large areas in north-eastern California. The basins of

Snake and Columbia rivers in Idaho and Washington are

flooded with older and more extensive lava sheets, whose
borders are varied by promontories and islands of the
“mainland.” Still older lava flows in British Columbia
are now deeply dissected by the branches of Frazer river,

and remain only in disconnected upland areas. High
plateaus in Utah are protected by a heavy lava capping,
the result of great eruptions before the plateaus were up-
lifted. Here and there rise dome -like mountains, the
result of the^underground intrusion of lavas in cistern-like

spaces, forming “laccoliths,” and blistering up the over-

lying strata. Thus, by mountain upheaval or volcanic
eruption, great altitudes have been gained. Where the
uplift has been strong, ranges of truly Alpine form with
extensive snow-fields and glaciers occur, as in the Selkirk
range of Canada (now traversed by the Canadian Pacific

railway), and again in Alaska. Heights of 12,000 and
14,000 feet are exceeded by numerous summits in the
central part of the system

;
but the dominating peaks are

found far in the north-west and in the south. Several
mountains in Alaska exceed 18,000 feet (Mount McKinley,
20,464 feet; Mount Logan, 19,500 feet; Mount St Elias,

18,024 feet)
;
and the great Mexican volcanoes rise nearly

as high (Orizaba, 18,250 feet). Widespread plateaus main-
tain upland altitudes of more than a mile over vast areas.

As in all regions of great altitude, the erosion of valleys
has progressed on a magnificent scale in the Cordilleran
region, and the actual form of many of its parts is more
the result of sculpturing than of uplifting. The plateaus
of Arizona are traversed by the deep cafions of the
Colorado river and its branches, at places a mile deep, and

[noeth

with elaborately carved walls, from which the most im-

pressive lessons have been learned regarding the origin of

valleys by river action. Upon the plateaus themselves,

long and ragged cliffs of recession attest an even greater

work of erosion than the canons. In all the mountain ranges

except those of youngest uplift, valleys have been actively

eroded, sometimes producing steep peaks as in Mount
Assiniboine (11,500 feet) in the Canadian Rockies, lival-

ling the Swiss Matterhorn in sharpness of form
;
but the

greater number of summits have been worn to roughly
pyramidal form between wide-flaring valleys, and the
mountain flanks have thus come to be extensively covered
with rock waste lying on slopes of relatively uniform
declivity. Some of the ranges are in a second cycle of

dissection, having been once worn down to moderate
relief and now being elevated for renewed erosion

;
the

Sierra Nevada of California is believed to be, in part, of

this history, having at least in its central and northern
parts been well reduced and now again enjoying a
mountainous character in virtue of a later slanting uplift

en bloc^ with rapid descent on its eastern fractured face.

Other ranges, almost completely worn down, still remain
low, as in south-eastern California, where they are now
represented by gently sloping rock floors veneered with
gravel and retaining only small remnants of their original

mass still unconsumed; thus the end, as well as the

beginning, of the cycle of erosion, together with many
complications of its progress, are illustrated in different

parts of this great and varied mountain system. In the

fiorded coast of Alaska, signs of intense glacial erosion are

seen in the discordant junction of the “ hanging ” lateral

valleys and the deep trunk valleys—the floors of the

former being cut off on the walls of the latter.

Fitting complements of the deeply-eroded mountains
are found in the great accumulations of mountain waste
now occupying basins of depression between the various

ranges, as in Mexico, Utah, Nevada, Montana, and else-

where. Erosion and transportation here combine to build

up the floors of the basins with the waste of the surround-

ing highlands; a result that is peculiarly beneficial in

Mexico where the climate of the plateau basin is rendered

relatively temperate by reason of its altitude, and where
the surface is easily habitable by reason of its smoothness.

In the larger depressions, as along the boundary of the

United States and Mexico, isolated ranges frequently rise

like islands over the plain of waste that has been built up
on their flanks. Shallow saline lakes or playas (wet-weather

lakes) without outlets lie on the lowest parts of the waste-

filled basins
;
their failure to overflow in rivers discharging

to the sea being less the result of enclosure by barriers

than of deficiency of rainfall
;
for it is chiefly in the arid

region that the waste-floored basins are best developed.

Indeed, the rainfall is often so scanty that the streams

from the mountains—where most of the little precipita-

tion occurs—often fail even to form lakes, withering away
on the waste plains. In all these cases, the wash of rock

waste from the mountains remains on the continent and
builds up the 'basin plains, instead of being carried away
from the land to form stratified sediments on the sea floor.

The habit of gathering mountain waste in interior basins

that characterizes so much of the Cordilleran region to-day

is only the continuation of an earlier practice, for extensive

basin deposits of Tertiary date are found in many parts of

the Cordilleran region
;
some of them are famous for pre-

serving vertebrate fossils, such as those of the many-toed
ancestors of the horse.

Between the loftier Western highlands and the lower

Eastern highlands (Laurentian and Appalachian) lies a

great extension of Medial plains, stretching in moderate
altitude from the Arctic Ocean to the Gulf of Mexico,
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and having in their middle a breadth of 1500 miles.

They are composed throughout of nearly horizontal strata

and mark a region long exempt from strong dis-

^edial
Although for the most part floored

Plains. ^7 marine formations, their structure and com-
position indicate, as has already been said,

relatively shallow water. The ancient sea that once
occupied the middle belt of the continent therefore had
little likeness to the abysmal oceans, but resembled rather
the shallow ocean margins that to-day overlap various
continental masses—the largest example of this kind now
existing being between Asia and Australia. The eastern
part of the plains is underlaid by Paleozoic strata, already
mentioned as having been laid down upon the subsiding
Archaean continent or folded in the making of the
Appalachians; coal beds are here included in the Ohio
and middle Mississippi basins. The aiea of the western
plains remained submerged to a later date preserving a
stretch of marine waters to the end of Mesozoic time,

and thus resembling the lowland belt of western Asia,

which was similarly covered by a broad and a shallow arm
of the ocean extending from the Arctic to the European
mediterraneans until a late geological date. The surface

of the Medial plains is not always so even as might be in-

ferred from their name. Both the eastern and the western

areas have been extensively denuded, even to the point

of being reduced to lowlands of denudation. Their present

altitude is not so much the result of their original uplift

from the sea as of a later elevatory movement. The
great river basins, for which North America is famous,

have thus been formed between the Eastern and Western
highlands—the Mississippi receiving the drainage of a
vast area (about 1,240,000 square miles) for discharge to

the south, while the Saskatchewan and Mackenzie gather

their waters from somewhat less extensive areas in the

north. Pleistocene glaciation covered the plains of the

Ohio, upper Mississippi and Winnipeg districts with
extensive deposits of ice-laid or water-laid drift, furnishing

a generally smooth surface and a fertile soil : here are the

true prairies—treeless, but richly grassed.

The traditional continuity of the Cordilleras of North
and South America has been broken by investigations in

the isthmian portion of the northern continent.

The structural peculiarities of the Western high-

lands of North America may be traced only to

the east and west belt of great volcanoes by
which the plateau of central Mexico is termi-

nated on the south. The ranges of the Andes fail to

reach Panama, from which the nearest one is separated

by the valley of the Atrato. The two Cordilleras are out

of line with each other, and their ends are some 1200
miles apart. Central America, the West Indies, and
various submarine ridges by which they are connected

with one another and with the mainland to the west, as

well as certain ranges along the northern margin of South
America, all belong together in what has been termed ihe

Antillean mountain system, m which east and west trends

of late geological date predominate, with abundant volcanic

additions on the Pacific border of Central America, and
along the eastern end of the system in the Windward
islands of the Lesser Antilles. The unity of this system

has been until recently overlooked partly because the

Antillean ranges are for the most part still under water,

and yet further because the volcanoes which form the

strongest reliefs of the isthmian region are so arranged

along the Pacific coast as to suggest the continuity of the

Cordilleran systems on the north and south; but these

volcanoes are really only superadded to a foundation of

quite another kind. Geological studies on the mainland
and on the islands have shown that both fundamental

Central
America
and the
West
Indies.

structure and surface form are not Cordilleran
; and

numerous soundings in the adjacent mediterraneans sug-

gest that the islands are best interpreted as the somewhat
denuded crests of great crustal ridges. The warm waters
that bathe the West Indies come with a high temperature
fro*m the equatorial Atlantic, and favour the growth of

corals along the shores. Fringing and elevated reefs are

known on many of the islands. The Bahamas are the

slightly overtopping parts of a broad platform of coral

and other calcareous marine deposits, of which the greater

area constitutes extensive shallow banks, which descend
by a steep slope on the north-east to great depths in the

Atlantic. The lowlands of Yucatan resemble Florida in

being the emerged part of a much larger mass, of which an
equal portion is still under water in the shelf around the*

Gulf of Mexico. All this region is luxuriantly productive

and is advantageously surrounded by waters which would
be barren and desert if replaced by lowlands. The active

volcanoes on the Pacific slope have built many cones and
uplands, some of their historic eruptions having been of

terrible violence. Thus Lake Nicaragua, once a bay of

the Pacific, has been cut off by volcanic deposits, leaving

only the Gulf of Fonseca open to the western ocean,

raising the level of the lake behind the barrier and turn-

ing its discharge eastward to the Caribbean Sea across

what was once the inter-oceanic watershed.

The successive crustal movements by which the land
area of what we now know as North America has been
increased and connected have determined the

growth of several great river systems through
which the broader part of the continent is drained. The
movements that resulted in the emergence of the Plains

had the effect of engrafting many ancient rivers of moderate
size upon trunks of unusual dimensions. The Mississippi

system, some of whose eastern branches probably date from
early Mesozoic time, received great reinforcements by the

addition of many long western branches in Tertiary time,

roughly contemporaneous with the uplift of the Gulf
coastal plain by which the lower trunk of the river was
extended to the sea. The present headwaters of that

stream to which the name of Mississippi is applied, and
which for that reason have gained an undue subjective

importance, are of relatively modern date, as they are con-

trolled by the abundant glacial deposits of northern

Minnesota. The evolution of the Mackenzie resembles

that of the Mississippi in a very general way, although

some of its eastern branches may be the descendants of

ancestors more ancient than those flowing westward from
the Appalachians ; but the regime of the great northern

river is strikingly unlike that of its stiU greater southern

analogue on account of its course being from a warmer to

a colder climate : hence ice-dams, obstructed discharge, and
overflows. The Nelson and the St Lawrence systems,

draining eastward to Hudson Bay and St Lawrence Gulf,

receive drainage from areas that would belong to the

Mackenzie and the Mississippi ^sterns under a simpler

plan of continental growth
;
and there is much reason for

thinking that this simpler plan obtained until the occur-

rence of those changes, in association with the Glacial

period, whereby sea waters gained access to the depressions

that now hold the bays and sounds of the north-eastern

coast. In exemplification of the rule that the larger ocean

receives the drainage of the smaller continental area, the

rivers that flow into the Pacific rank below those belong-

ing to the Atlantic. The greatest is the Yukon, of farther

Canada and inner Alaska, one of the great rivers of the

world, little known until the recent active exploration of

its basin for gold fields. The Frazer drains much of the

mountainous area of southern British Columbia, as the

Columbia drains that of the north-western United States

;
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tlie latter is peculiar in that one of its headwaters rises at

the eastern base of the Rocky Mountains in northern Mon-

tana. The Colorado discharges a muddy current into the

Gulf of California; but for the aridity of its large drainage

area its volume would be much larger. The same is true of

the Rio Grande, whose name would be better justified if so

much of its basin were not senoii-arid.

The references already made to lakes may now be

reviewed and summarized. Several lake districts may be

mentioned. The most remarkable lacustrine
Lakes*

region of the continent, rivalling that of central

Africa, forms a belt around the border of the Laurentian

highland; here, in addition to ten large lakes, there are

hundreds of medium size, and many thousand small lakes.

‘They are peculiar in occupying a region of moderate relief,

in which no strong dislocations have taken place in recent

geological time (unless in the case of Lake Superior), and

thus in contrasting with the great African lakes which

occupy rift-valleys or grahen of comparatively recent

fracture. The Laurentian lakes are further characterized

by an intimate association with the ice-sheets of the Glacial

period; but while glacial erosion and drift obstruction

suffice to account for the smaller lakes, it is very probable

that broad crustal warping and drainage reversal have

been potent aids to the other processes in producing the

great lakes. The northern Cordilleran region contains

many beautiful lakes of moderate size in deep valleys

among the crowded ranges of the narrowed mountain belt.

Their origin has not been closely studied. The basins

among the spaced ranges of the middle and southern Cor-

dilleras, in the United States and Mexico, contain many
lakes that occupy shallow depressions in desert plains;

they are usually without outlet and saline
;
many of the

basins were formerly occupied by lakes of much greater

size, some of which overflowed, implying a climate moister

than that of to-day, probably correlated writh the glacial

climate of the regions farther north. Lakes in volcanic

craters or behind volcanic barriers occur in Central America,

while Florida possesses many small lakes in limestone

basins. The following table is taken from Russell’s Lakes

of North ATnerica :

—

Lake. Altitude. Area. Depth.

Ontario .... Feet.

247
Square Hiles,

7,200(«)

Feet.

738
Erie 573 9,900 210
Huron .... 582 22,322

21,729

750
Michigan.... 582 870
Superior .... 602 31,000(«) 1008

The climatic features of North America are best ap-

preciated when considered as exhibiting modifications

Climate
general climatic conditions which pre-

vail in consequence of the globular form of the

earth as a whole. In January, when the isotherms of

65“ to 75“ F. stretch almost directly across land and sea in

the torrid zone, a mean temperature of zero or less invades

the region north-west of Hudson Bay, which thus resembles

north-eastern Asia in departing greatly from the mean
prevailing in similar latitudes on the northern oceans, and
in bringing upon the northern lands an extension of frigid

conditions that have no analogue in the southern or

oceanic hemisphere. In July, when the isotherms of 40“

and 50“ have a tolerably direct course around the latitude

circles that border the continent on the north, a great

middle area of North America becomes warmer than the

seas on the east and west, having a mean of over 80“, and
in part over 90“. In January, the Hudson Bay region is

30“ colder than the mean of its own latitude, about 60“

colder than the mean of the corresponding southern lati-

tude; while in, July the Axizona-Mexican region is 20“

[l^-OETH

above the mean of its own latitude, or about 40“ above

the mean of the corresponding southern latitude. In
both winter and summer the isotherms are more closely

crowded while crossing the continent than while crossing

the adjacent oceans; or, in other words, the poleward

temperature gradient is stronger on the land than on
the oceans

;
and all these features should be regarded as

inherent characteristics of the climate of North America
in virtue of its being a continent chiefly in temperate

latitudes.

An associated feature of continental climate is found
in the strong annual range of temperature of the central

land area. The range between the means of January and
July exceeds 40“ for the largest part of the lands, and 70“

for much of the northern lands
;
the range of extreme

temperatures is much greater. On corresponding oceanic

areas in the northern hemisphere the range is little more
than 20“, and in the southern hemisphere it is probably

less than 10“. It must appear from this that if the largest

part of North America is said to be in the north temperate

zone, “ temperate ” must be taken as having little of the

meaning originally given to it in southern Europe, for

the winter cold is severe and the summer heat is excessive

over much of the North American continent. In this

respect two more unlike belts can hardly be found
than the north and south temperate zones, in spite of

the resemblance that is implied in their names.

The several members of the terrestrial wind system,

including therein the trade wdnds of a broadened torrid

zone, the stormy westerly winds of middle latitudes, and
the irregular winds of the polar regions, are well exemplified

over North America
;
but, as is usually the case on land,

the systematic movement of the atmosphere is better seen

in the drift of the clouds than in the movement of the

surface winds, which are much modified by the changes

from hill to valley, from mountain to plain. Neverthe-

less the prevalence of the general atmosphere currents has

much to do with the control of certain values of annual

temperature range, as well as with the distribution of rain-

fall. The former are small (about 20“
)
along a great

stretch of the Pacific coast, even as far north as Alaska,

where the moderating influences of the ocean are brought

upon the land by the westerly winds
;
while a range ap-

propriate to a continental interior (30“ or 40°) is experi-

enced over most of the eastern side of the continent in

temperate latitudes, and even upon the North Atlantic

ocean near the American coast, where strong seasonal

changes of temperature are carried forward by the westerly

winds. It is particularly in this respect that the general

climatic resemblances between North America and Eurasia,

above referred to, are broken; for eastern Canada and
western Europe are strikingly unlike in seasonal varia-

tions of temperature. Labrador is about 10“ cooler

than northern Germany in July, but nearly 40“ colder in

January.

The distribution of rainfall is in general controlled by
the prevailing course of the winds. The West Indies

receive abundant rain from the passing trades. In Mexico

and Central America the eastern slopes are for the most
part better watered than the western, because the winds

there come chiefly from the east (maximum over 100 in.

in Guatemala and adjacent parts). Farther north the

reverse holds true
;
the Pacific slope north of 40“ latitude

has an abundant rainfall (maximum over 100 in.), and its

mountains are clothed with dense forests. There are large

areas of deficient rainfall (less than 20 in.) in the interior of

the continent, where the intermontane basins and the pied-

montese plains that slope eastward from the Rocky Moun-
tains in middle latitudes are treeless. The areas afflicted

with dryness are unsymmetrically distributed, being west of

AMERICA
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the Medial meridian (95°), because of the ranges near
the Pacific by which rain is withheld from the basins and
from the plains farther east. The dryness is induced not
only by light precipitation, but also by active evaporation
in the warm season—a rule that holds true until a high lati-

tude is reached. East of the medial meridian great profit is

received from the warm and moist winds that are drawn
inland from the - water surface of the mediterraneans

which so advantageously occupy the latitudes that are

given up to the Sahara in the Old World. It is largely

on this account that the central and eastern parts of the

Mississippi basin enjoy a sufficient and well-distributed

rainfall, producing forests or fertile prairies over great

areas (rainfall over 40 in.). Eegions of prevailing snowfall

are chiefly in the north-west and north-east
;
the former

includes the higher ranges of the Western highlands in

Canada and Alaska, where the snowfall from the Pacific

winds is heavy, and extensive snowfields and glaciers are

formed; the former includes Greenland, where a heavy
ice-sheet shrouds the land, the snowfall of moderate mea-
sure being probably supplied mostly from the relatively

warm waters of the North Atlantic. In the northern

continental interior snow covers the ground during the

winter season, not that the snowfall is heavy but that the

persistent cold weather preserves the moderate amount
that falls.

The extension of the continent across the belts of the

terrestrial wind system tends to turn branch winds from
the westerlies toward the trades on the Pacific border, and
from the trades toward the westerlies on the Atlantic

border. This effect is strengthened in summer, when the

higher temperature prevalent over the continent causes the

air to flow away from above the lands, and to accumulate

over the neighbouring oceans, on each of which a vast

anticyclone is thereby established,—^the circulation of the

atmosphere over the North Atlantic and North Pacific

thus coming to simulate the circulation of the surface

waters of the oceans themselves. It is partly on account

of this deflection of the summer winds up the Mississippi

valley that the eastern interior of the continent receives a
beneficent rainfall as already stated. In winter when the

inflow from the south is replaced by an outflow, little rain

or snow would fall but for the indraft winds of cyclonic

storms by which the outflow appropriate to the cold season

of the continent is temporarily reversed. The free play of

the winds north and south over the great Medial plains

permits indrafts from torrid and frigid sources, which some-

times succeed each other rapidly, producing abrupt and
frequent weather changes. Something of the same con-

trasts is produced by winds drawn in upon the eastern

coast alternately from over the moist and warm waters of

the Gulf Stream, and from over the moist and cold waters

of the Labrador current.

The southerly flow of the branching winds along the

Pacific coast gives them a drying quality, and thus still

further broadens the western arid region towards the

ocean until it reaches the coast in southern California

and north-western Mexico (rainfall less than 10 in.), there

joining the arid belt of western Mexico, and presenting a

strong contrast to the rainy forested coast farther north

;

but although unfavourably dry, the southern California

coast is one of the most truly temperate regions of the

world, in respect of mildness and constancy of temperature.

The drying winds cover all California in summer, but they

migrate southward in the winter, giving place to the

stormy westerlies. Thus California has a subtropical

climate of wet winters and dry summers ;
while north in

British Columbia and Alaska there is plentiful rainfall all

the year round, and farther south there is persistent

aridity.

The fauna of North America (Nearctic) is more closely

related to that of Europe-Asia (Palsearctic) than to that of

any other zoogeographical province; the two
/jaiwa

being united by many writers in one faunal

province (Holarctic). The reindeer (caribou), beaver, and
polar bear are common to both provinces. The moose,

wapiti, bison, and grizzly bear of North America are closely

related to the elk, red deer or stag, aurochs, and brown
bear of Eurasia ; and the following groups are well repre-

sented in both provinces: cats, lynxes, weasels, bears,

wolves, foxes, seals, hares, squirrels, marmots, lemming,
sheep, and deer. On the other hand the following forms
are characteristic of North America

:
{rodents) pouched

rats or gophers, musk rat, prairie dog, Canadian porcu-

pine; (carnivora) raccoon and skunk; (ungulates) musk
ox, bighorn, Eocky Mountains goat, pronghorn; (mar-
supial) opossum. Among birds there is a close resemblance

to those of Eurasia, with some admixture of South
American forms, as in the humming birds. The forms
especially characteristic of the northern continent are the

Baltimore oriole, bobolink, cowbird, flycatchers, wood-
warblers, Californian quail, tree grouse, sage grouse, wild
turkey, and turkey buzzard. The house sparrow of

Europe has been introduced, and has become very common,
especially in the cities, where it is known as the English
sparrow. Eeptilian and amphibian groups are well repre-

sented
;
turtles are especially numerous ; salamanders are

varied and large; rattlesnakes are among the more
peculiar forms. Among fish, the characteristic forms are
the cyprinoids (carp), sturgeon, salmon, pike, and especi-

ally the suckers, sunfish, mudfish (Am'a), and gar pike
(Lepidosteus), The most characteristic group of inverte-

brates is the Unionidse or river mussels.

The floralareas ofNorthAmerica, limitedbythegeographic
divisions of the continent, may be divided into five belts

:

the eastern forestedarea, the western forested area,
^

the interior unforested area, the northern barren

lands, and the Gulf coast. The eastern forested area

extends from the Laurentian highland in Canada to the

Great lakes, and southward east of the Mississippi to the

Gulf coast. In the north and along the mountains south-

ward, the forests are largely coniferous, with a mixture

of birches, poplars, and maples. Southward, especially

in the interior and at low altitudes, the conifers largely

disappear, and oaks, hickories, plane-trees, tulip -trees,

walnuts, and other valuable deciduous species abound.
Throughout this belt lumbering is an important industry.

The western forested area begins in the eastern Eocky
Mountains, and extends to the Pacific. Eastward in the

mountains the forests are interspersed with arid districts

which increase in area southward. Northward, in Canada,

the mountains of the middle Cordilleras are densely

wooded with continuous forest. Near the middle Pacific

coast the forests attain a luxuriant development, the red-

wood(Sequoia)oi California and Oregon sometimes reaching

a height of from 300 to 400 feet. In this western forested

area lumbering is extens’vely carried on. The unforested

area of the interior consists of two very dissimilar portions.

The vast fertile prairies extend from the Great lakes west-

ward to the Great plains, and southward west of the

Mississippi, with occasional eastward lobes at low altitudes.

On these plains grasses and other herbaceous vegetation

abound, and throughout this fertile belt agriculture is

largely followed, the grain and hay crops being especially

important. Northward in Canada the plains become

wooded, the western mountains and the eastern highlands

being thus connected by a narrow strip of forest. South-

westward and westward the fertile prairie gives way to a

vast arid region beginning on the Great plains and extend-

ing as far as south-eastern California, and thence south-
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ward into Mexico. On tMs broad desert few trees are

found, althougli pinons grow on the cliffs and ledges, and

cottonwoods occur along the watercourses. The vegetation

as a whole consists of cacti, agaves, sage-brush {Artemisia)^

and other plants adapted to arid conditions. North of

the eastern forested area and east of the northern Cordil-

lera are the “ barren lands,” with frozen subsoil, extending

thence to the Arctic coast. The growing season here is

short and the climate forbidding, so that trees cannot

develop, although birches, poplars, willows, and other

genera, which southward attain great size, are present

as dwarf shrubs. The vegetation of this northern barren

district, like that of bleak mountain summits southward,

is very similar in character to that of other extreme boreal

regions. Blueberries, crowberries, and some other small

fruits are abundant, but the brief summer will not mature

most crops of the temperate zone. The Gulf coast, on the

other hand, supports a vegetation decidedly tropical in its

nature. Somewhat developed in Florida and the other

southern states, this flora becomes the prevailing one on

the coast of Mexico and Central America, especially from

the region of Yera Cruz southward, where the forests are

largely composed of palms and live oaks, and where giant

bamboos often attain a height of 40 feet. In these

tropical forests many orchids and other showy plants of

northern conservatories are native.

North America, with an area of about 8,000,000 square

miles (16 per cent, of all the lands, or 4*12 per cent, of the

Economic
earth’s surface), and a mean altitude of

develop^ about 2000 feet, at present plays a part in

mentot human history that is of greater importance
the conth than is warranted by its size alone, although it
nent.

respect the extraordinary import-

ance of Europe. The continent has the good fortune to

lie chiefly in a temperate rather than a torrid zone, and
in temperate latitudes to be much nearer to Europe than

to Asia. YThatever may have been the first home of the

aboriginal inhabitants, the dominating people of to-day

are derived from the leading countries of the Old World.

Not only so, temperate North America has become the

most progressive part of the continent because of receiving

its new population chiefly from the most advanced nations

of middle western Europe—Great Britain, France and Ger-

many ; while the torrid islands and the narrowing southern

mainland of North America have been settled chiefly

from the less energetic peoples of southern Europe
;
and

the inhospitable northern lands are hardly entered at all

by newcomers, except in the recently-discovered gold fields

of the far north-west. From the plantation of colonies on
the eastern coast, the movement inland has been governed
to a remarkable degree by physiographic factors, such as

form, climate, and products. The cities of the Atlantic

harbours and of the adjacent lowlands still take a leading

part in industry and commerce, because of their longer
establishment and of their relation to Europe. The up-
lands, ridges, and mountains of the Appalachian system

—

the “Backwoods” of a century ago—still remain rather

thinly occupied except at certain centres where coal or

other earth-product attracts an industrial population.
Beyond the Alleghenies, the middle interior contains a
very large proportion of habitable land. It was long ago
recognized as a land of great promise, and it is to-day a land
of great performance, covered with a wonderful network of

single-line railways, yielding an enormous product of grain,

and developing industries of all kinds towards a future of
rapidly increasing power. Indeed, within and closely around
an area marked by the St Lawrence system on the north, the
Ohio on the south, and stretching from the Atlantic coast
between the Gulf of St Lawrence and Chesapeake Bay
inland to the middle prairies, there is a remarkable con-

centration of the population, industry, progress, wealth,

and power of North America—the focus of attention from
all other parts of the continent. The regions of the far

north and north-east, including the greater part of the

Laurentian highland and the extreme northern stretch of

the Medial plains and the Western highlands, remain and
will long remain thinly populated. The furs of wild animals

are their characteristic product. Timber is taken from their

more accessible forests
;
but only in mining districts does

the population notably increase, as in the iron region

around Lake Superior and in the recently-discovered

Klondyke gold region.

In the south-eastern United States lies a belt of coastal

lowlands skirting the Appalachians, long blighted by negro

slavery and still suffering under its consequences, not only

because the institution of slavery demanded the importation

of African savages, but even more because its perpetuation

held the slaves in ignorant povertyand madelabour disgrace-

ful, and still more because its abolition has not yet removed
the race prejudice underwhichthe progress of the negro, even
only to political equality with the whites, is so long delayed.

This is nowhere the case with European immigrants of

whatever nationality or religion. The descendants of the

early French settlers of Canada stand in political rights as

well as in loyalty to the Government on an equal footing

with the British citizens of the Dominion. The Italians

of the cities, the Hungarians of the mines, the Scandi-

navians of the northern prairies, the Irish and Germans
everywhere are “Americanized” in the second or third

generation, rapidly entering local and national politics, and
hardly less rapidly attaining an honourable social standing

as tested by intermarriage with English and other stocks.

But the negro is set aside, even though he has adopted

the language and the religion of his former masters :

political and social rights are denied him, and inter-

marriage with whites is practically excluded, although

mulattos are numerous. Thus has slavery left upon a
people, amongst whom political rights and social opportu-

nities should be equal for aU, the heavy burden that has

always retarded progress where strongly contrasted races

are brought together. Farther south still are the tropical

islands and the narrowing mainland, rich in possible pro-

ductiveness, but slowly developed because of a prevailing

diversity and instability of government and lack of pro-

gressive spirit among the people. Here also there is a

considerable proportion of negroes, but they live under

less unhappy conditions than those now obtaining in the

United States.

West of the Mississippi in middle latitudes the popula-

tion rapidly decreases in density, and over a large extent of

the semi-arid plains it must long remain sparse. The settle-

ments bordering the plains on the east longitude for a time

marked the “ Frontier ” of civilisation, for the vast stretch

of dry country was a serious barrier to farther advance.

But the plains are now crossed by many railways leading

to the Cordilleran region—the “Far West”—^in large part

too rugged or too arid for occupation, but rich in minerals

from one end to the other, the seat of many mining

camps of unstable population, and containing numerous

regular settlements in the intermontane basins. On
nearing the farther ocean the climatic conditions improve,

and the population is rapidly increasing in number and

wealth
;
this district not being content to take its name

with respect to the east, not considering itself as included

in the “ Far West,” but choosing the distinctive designa-

tion of the “ Pacific Slope, and, while maintaining an

active intercourse all across the breadth of the continent,

already opening relations with the distant Orient by a
new approach. Among the earliest results of the latter

movement was the arrival of Chinese labourers, a humble^
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indii&tnous, and orderly class of men, but one which stands its lower course, that is, east of Manaos, flows through a
apart in language, religion, and race from the dominant Devonian basin filled with rocks of later age. Near longi-
population, lives largely without domestic ties, and gains tude 55“-56° W., Devonian rocks outcrop on both sides of
neither political nor social standing in the New World. the stream a little more than a hundred miles away from it.

Two hundred years ago the aboriginal population of It is improbable that this Devonian basin extends far up
North America would have deserved description before the the Amazon valley, for there are metamorphic rocks on
immigrant population. To-day the aborigines are displaced the Rio Negro, a short distance above Manaos. In the
from all the most valuable parts of the continent. Never highlands of Matto Grosso, Brazil, just east of Cuyabii,
very numerous, they are now decreasing

; many tribes are Devonian rocks cap the hills. Devonian beds are known
already extinct, many more are almost so. Those which in Bolivia along the eastern slope of the Andes, and it

remain less diminished are in the Far North or North-West, seems probable that they extend north and south along
where nature is rigorous; or in the tropical forests of the range for a long distance. In the state of Parand,
Central America where nature is overbounteous

;
or in Brazil, a belt supposed to be of Devonian age crosses the

the more desert parts of the Middle West where nature is state from north to south (Derby), dippingwestward beneath
arid. The replacement of the native races by the foreign a series of rocks referred to the Trias,

has too often been harsh, cruel, and unjust
;
yet it has The known areas of Carboniferous rocks in South

resulted in an advance of civilization. Many savage America are small—one basin underlying the Lower
tribes, speaking many different languages, holding little Amazon valley contains marine fossils, having a Permian
intercourse with each other, and frequently engaged in facies. Carboniferous rocks of about the same geological

intertribal wars, have given place in little more than two horizon are knovm also from the vicinity of Lake Titicaca

centuries to a great population of European origin, whose in Bolivia. In the state of Sao Paulo, and extending into

dominant parts speak one language, whose arts are highly the adjacent states of Minas Geraes and Parand, is another
advanced, whose home intercourse is most active, and Carboniferous or possibly Permian basin, but the fossils are

whose foreign commerce has attained unexpected proper- scarce and are not marine. The western and southern limits

tions at the opening of the 20th century.
(w m d

Pa^ulo basin are not knovm at present. In the
^ southernmost states of Brazil, namely, in Santa Catharina

South America. Grande do Sul, there are at least six separate

basins in which coal of Carboniferous age occurs. One
Granites and gneisses, supposed to be of Archaean age, of these basins is on Rio Tubarao, near Laguna, Santa

occur at many places along the east side of the Andes, in Catharina
;
another is on the Rio Yerde, the line between

the highlands of Venezuela and near the coast Santa Catharina and Rio Grande do Sul. In Bio Grande
eo ogy.

Caracas. There is a more or less con- do Sul there is one coal basin at Candiota on the railway

tinuous area of granites along the watershed between the leading from Pelotas to Bage, another near the south end
Amazon and Venezuela and the Guianas extending from of Arroyo dos Ratos, one 100 miles in length lies along
the fall line on the Cunani, and the Araguay on the the south side of Rio Vacacahy, and another is just west
•east to the mouth of Rio Meta on the Orinoco, and of the city of Porto Alegre. Overlying the rocks of Car-
the mouth of the Uauapes on Rio Negro. In this region boniferous or Permian age in Minas, Sao Paulo, and
the granites are overlapped in many places by more recent Parana, Brazil, is a series of sediments and eruptives that

beds of unknovm age. In the highlands of Brazil south have been referred provisionally to the Triassic. Thus far

of the Amazon they are found at the falls of the Madeira no fossils have been found in them. Rocks believed to be
river, on the Tapajos, at the falls of the Xingd on the of Triassic age occur in Paraguay, near Diamantino, in the

south side of the Amazon valley, and along the eastern states of Matto Grosso, Brazil, and in Chile and Bolivia,

border of the continent, with certain short interruptions Jurassic rocks are found in Chile, Bolivia, Peru, and the

from Maranhao, Brazil, southward to Montevideo, at the Argentine Republic, and it is possible that some of the

mouth of the Rio de la Plata. The largest of these Brazilian rocks previously referred to the Triassic belong to

granite areas is the one along the east coast and in the the Jurassic.

highlands of Eastern Brazil, but even here it is more or Rocks of Cretaceous age cover a large area in the

less irregular in outline, and its exact limits are unknown interior of the states of Ceard., Piauhy, Parahyba, and
except on the immediate coast. Associated with the Pernambuco in Brazil, while on the coast of the states of

granites and gneisses is a series of metamorphosed beds Sergipe and Alagdas there are Cretaceous beds containing

exposed over a stiH larger area. These include schists of an abundance of marine fossils. Cretaceous rocks are found

various kinds, itacolumites, itabirites, slates, quartzites, in Tierra del Fuego, in Southern Patagonia, in the province

nnd marbles. The series is more or less folded, faulted, of Santa Cruz, Argentine Republic, and they extend

veined, and cut by old eruptives. The age of these beds northward along the eastern flank of the Andes, with

has never been definitely determined, for they have thus interruptions through Ecuador, Colombia, and Venezuela,

far yielded no fossils. In many places they bear a strong On the west side of the Andes a narrow belt of Cretaceous

resemblance to the Algonkian series of North America, extends nearly or quite the whole length of the continent,

but their position would admit equally well of their refer- The coal or lignite beds of Southern Chile are in the

•ence to the Cambrian. In this series occur most of the Laramie of the upper Cretaceous. Cretaceous rocks cover

mineral deposits of the eastern part of the continent— a part of the island of Trinidad, off the north coast of

the gold veins of Venezuela, of the Guiana highlands, Venezuela, and the same Cretaceous basin extends over a

a,nd of the gold regions of Brazil, and also the iron, part of the Venezuela mainland. The rocks of this age

manganese, diamonds, and topazes of Brazil. on Trinidad are of organic origin, and it is from these

Rocks of Silurian age have been found in the Amazon that the remarkable pitch deposits of that island have

valley, on the north side of the river east of Manaos
;
in been derived.

Bolivia, along the eastern slope of the Andes and near Eocene Tertiary beds occur on the island of Trinidad

Cuyab^, about the headwaters of the Rio Paraguay. It and on the Venezuela mainland, but it is not known how
is quite possible, even probable, that many of the un- far these beds extend to the south along the eastern

fossiliferous beds, now provisionally referred to the border of the continent. Just south of the Rio Oyapok

-Cambrian, are of Silurian age. The Amazon river along granites are exposed on the lower courses of the streams,
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lout on the lower part of the Rio Araguay sedimentary

heds form low hills, and extend along both the north and

south sides of the Amazon valley for hundreds of miles

These beds have generally been regarded as Tertiary, but

they have yielded no fossils, and their age is not known

There are fossiliferous Tertiary beds of brackish water

origin in the Upper Amazon valley covering a large area,

extending westward from Tabatinga, on the Brazilian fron-

tier. Tertiary beds form a narrow belt along the coast of

Brazil, probably from the Amazon valley to near Yictoria

in the state of Espirito Santo. This belt is a^ hundred

miles wide at some places, while at others it is only a

fraction of a mile in

border of the continent, reaching, with few interruptions,

fiom a short distance south of the mouth of the Amazon
river to the mouth of the Rio de la Plata. To
the west of this land area there were probably

many islands over what is now the interior of contineiat.

the continent. North of the present Amazon
valley there was another and smaller land aiea or islands,

where are now the highlands of North-eastern Biazil,

South-eastern Venezuela, and Guiana. Another land area,

or perhaps more correctly a string of islands, extended

from the Falkland Islands the entire length of the

west side of the continent. Against these shores the
Cambrian or oldest

width, or is entirely

wanting. At and for

some miles north of

Pernambuco the fos-

siliferous portions of

these beds show them

to be of marine

origin
,
south of Per-

nambuco, on the

coast of Alagbas and

in the state of Bahia,

they are of fresh-

water origin. The

sandstone reefs of

the Brazilian coast,

the elevated beaches

of Bahia and Rio

de Janeiro, and the

older parts of the

coral reefs, may pos-

sibly be of late Ter-

tiary age. Beds
known to belong to

the Tertiary spread

over a wide area in

the valley of the Rio
de la Plata, and over

the lowlands of

Eastern Argentina

and Patagonia. On
the west coast Ter-

tiary rocks form
much of the narrow
plain between the

Andes and the ocean,

and there are besides

isolated Tertiary

basins in the high
parts of the moun-
tains.

sediments of the con-

tinent were laid
down.

At the close of

Cambrian times
elevations of the con-

tinent added laige

tracts to the land,

but the Silurian seas

still covered what is

now the Paraguayan
basin, and extended
from the Serra do
Mar on the Brazilian

coast to the axis of

the Andes, on the

Pacific side of the

continent. During
the Devonian period

the land area of the

continent was
greatly increased in

the Brazilian high-

lands, but the Devo-
nian seas still cov-

ered the interior of

the continent, ex-

tending from the

Serra do Mar on the

east to the Andes of

Bolivia and Peru on

the west, and form-

ing a mediterranean

sea over two hund-

red mdes wide and
several hundred
miles long in the

Lower Amazon val-

ley region. In Car-

boniferous times the

Some of the erup- Sketch M\p of

tive rocks of the

Andes are post-Tertiary, while others are pre-Tertiary. The
eruptives of the Parani basin are newer than the Trias, but
their age has not as yet been more precisely determined.

All through the highlands of Venezuela, the Guianas, and
Brazil, the older Palaeozoic rocks are extensively cut by
eruptives. Along the north-eastern and south-eastern
sides of the continent, most of these eruptives are pre-

Tertiary. In only one place—on the Abrolhos Islands—^is there a dyke known to be in rock of Tertiary age,

while the island of Fernando de Noronha is the only place

on the eastern side of the continent at which a volcano of

late geologic age' is known to have existed.

The earhest land areas of the South American continent

are approximately represented by the areas of old granites

and gneisses. The largest of these is along the eastern

South America Amazonian inland

sea was only slightly

changed, but in the southern part of the contment the

land areas increased enormously. In Southern Brazil

there were peat bogs, while farther north and west were
shallow brackish water bays or estuaries.

But little is known of the Triassic and Jurassic history

of the continent.

The Cretaceous history of the east coast is preserved in

only a few fragments of sedimentary areas. About the

mouth of Rio Sao Francisco the land sank, carrying

beneath the water large portions of the states of Sergipe

and Alagdas. What are now the highlands of the m-
terior of Piauh;f, Cear4, Pernambuco, and Parahyba were
then under water. The island of Trinidad was two-thirds

under water at that time. On the west coast the land

was lower than at present, and the ocean washed the base
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of the Andes at many places. Here and there, however,
along that coast were great peat marshes extending from
Pern as far south as the Strait of Magellan. The sea
covered what are now the plains of Patagonia and Argen-
tina, and there was a wide bay between the low Andes
ridges on the west and the TJrugnayan peninsula on the
east.

In the early part of Tertiary times the land sank some-
what, but the geography of much of the eastern coast was
not greatly difterent from its present form. From Santa
Catharma to Victoria on the coast of Brazil the shore was
very nearly where it now is. Frpm Victoria to Cape St
Eoque the shore line was from a few miles to a hundred
miles farther inland than it is at present. Much of the
coast belt, however, was covered by freshwater lakes, and
in the Amazon valley region it is possible that these lakes,

or some combination of lakes and estuaries, extended far

up the valley.

In Tertiary times, probably at the end of the Eocene,

great changes took place m the geography of South
America. The entire continent rose to an elevation

much greater than that at which it now stands. The
coast lines were carried oceanward on all sides, so that

the continent was enoimously larger than it is at pre-

sent. The coast line was 200 miles to the east of the

Abrolhos Islands, which were then a part of the mainland,

and 300 miles east of Victoria, Brazil. The Falkland
Islands were also a part of the continent, and it is

even probable that South America joined Hew Zealand
and Australia through the antarctic regions. Denudation I

was very active during this period, and enormous quan-

tities of the Eocene sediments were removed from the

land. Towards the close of Tertiary times the continent

sank again until the sea entered the Orinoco and Amazon
valleys and made an island or group of islands of the

highlands between Brazil, Venezuela, and the Gmanas.
During this period the valleys of Magdalena and Cauca
and of Lake Maracaibo were covered by great bays.

Still later a slight elevation added to the continental land

area the lower portions of the Orinoco, Amazon, and La
Plata valleys. During the Tertiary period volcanic activity

culminated on the continent. The Andes rose, partly by
continental uplifting, partly by faulting and folding, and
partly by an upbuilding by the volcanic ejectamenta, from
a series of comparatively low ridges to be the great moun-
tain chain of the world. Volcanic activity, which had
previously characterized the west coast region, increased

enormously, lava sheets were poured out along the entire

length of the continent, and enormous lava and cinder

cones were built up about the craters. This volcanism

was not confined to the Andes, but extended to the

Patagonian plains, the highlands of the Parand basin, the

Abrolhos Islands, and as far east as the island of Fernando
de Horonha. In recent times volcanic activity has entirely

ceased along the eastern and north-eastern parts of the

continent, and it has also subsided greatly, though it has

not ceased altogether, along the west coast. The earth-

quakes that still disturb the west and north-west coast of

the continent are more or less the result of this diminished

volcanic action.

During Pleistocene times the southern end of the con-

tinent as far north as latitude 27“ on the west coast

was covered with glaciers moving away from the mountain

ranges, Horth of 27° the glaciers did not flow down as

far as the present sea-level, but they moved farther down
the slopes of the higher portions of the Andes than they

do at present. During a portion of the Glacial epoch

the southern end of the continent stood at a somewhat

lower elevation than at present, and the sea covered the

plains of Patagonia and La Plata. On the east coast
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evidences of glaciation do not extend as far north as they

do on the west coast.

The South American continent rises abruptly from the

ocean^s floor along nearly all its coast line, but the abrupt-

ness of the continental margin is more marked physical
on the western than on the eastern side. Con- ^eo-

tours of equal depth along the west coast show sraphy.

that from Valparaiso to the Isthmus of Panama, a distance

of 3000 miles, the great

Andes ranges are but the

upper or subaerial portions

of mountains rising from
bases that he 10,000 feet

below the surface of the

Pacific Ocean. South of

Valparaiso the 10,000-feet

contour moves far off the

coast, but opposite the Strait

of Magellan it approaches

again within a distance of

150 miles. East of Pata-

gonia the 1000-feet contour

is so far from the coast

that it passes to the east of

the Falkland Islands, show-
ing that this group stands

upon a submerged conti-

nental shelf. From the

mouth of the Rio de la Plata

northward the 1000-feet sub-

marine contour keeps afc a
distance of from 50 to 150 miles off the shore, nearly to

Bahia, Brazil
;
from Bahia northward clear around Cape St

Roque this line is close to the shore, and the ocean’s bottom
is steep, dropping abruptly to a depth of 5000 feet. The
land relief of the continent of South America is charac-

terized by—(1) the great range of lofty mountains which,

with its narrow coast plain, follows its west coast from its

northern to its southern extremity
; (2) comparatively low

and flat plains that slope eastward and southward from
the base of these mountains down the drainage basins of

the Orinoco, the Amazon, and the Paraguay; (3) the

high table-lands of Eastern Brazil. The physical features

of the west coast are bold. South of latitude 41°, the

coast is characterized by a vast system of fjords and
islands, probably produced by the recent submergence of

a region of bold mountains and steep-sided valleys. The
many islands, including Chiloe, Wellington, and Tierra

del Fuego, are the higher portions that have remained

above water
; while the Strait of Magellan (properly

Magalhaes), Smyth Channel, and the other deep fjords

that indent this coast Ime are the submerged valleys.

The scenery in Smyth Channel is remarkably fine
,
the

snow-clad mountains are visible on the east, while here

and there glaciers flow down nearly or quite to the sea.

Some of the islands are steep-sided peaks, mostly barren

and uninhabited, and, in some cases, reaching an eleva-

tion of 4000 feet. The Strait of Magellan is 400 miles

long, from 4 to 20 miles wide, and very deep. North of

latitude 41° the coast is but httle indented, and there

are but few good ports. From Cape Horn, where the

southern submerged end of the Andes forms the islands of

Tierra del Fuego to the Isthmus of Panama, the great

Cordillera range follows the coast line closely, and at an

even distance from it. The belt between the ocean and

tlie mountains has an average width of about 40 miles,

and on rare occasions, when the weather is favourable,

the mountains are visible from the sea nearly all the way
from Panama to the Strait of Magellan. Along the

northern part of the continent, from Panama to Guayaquil,

AMERICA
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the coastal "belt is covered with tropical vegetation ; but

from Guayaquil southward to latitude 30° much of the

coast is a sandy, aiid, and barren alkali desert. This arid

belt is crossed heie and there by streams flowing down

from the high mountains, and along these streams are fertile

valleys. Many of the streams, however, do not reach the

sea, but dry up on their way across the coastal plain.

The great mountain chain is neither a single continuous

sharp range nor a pair of ranges, but a broad ridge upon

which rise manygreat isolated peaks. Towards its

„ northern end, however, this great range divides
or era, — branch, the Western Cordillera, con-

tinuing northward along and near the coast
;
another, the

Merida, swinging away to the east, and, after certain

breaks, ending east of Cara-

cas in Venemela, or, more
properly, on the northern

side of the island of Trini-

dad; while a third branch,

the Sierra de Perija, runs

northward between the val-

ley of the Magdalena and
Lake Maracaibo. On its

west side the main Cordil-

leran ridge is scored by
narrow steep-sided valleys,

while on its eastern slope the average grade is more gentle

and the valleys are less precipitous. Upon the Cordil-

leran ridge rise many of the highest mountain peaks in
the world. The following are some of the highest and
most noted of these peaks :

—

Peaks of the Andes.

Peak.

Aconcagua, Aigentiiia .

Mercedaiio, Argentina
Tupungato, Argentina
Illampu (Sorata), Bolivia
Ilhmani, Bolivia

Sajama, Bolivia

Chimborazo, Ecuador .

Juncal, Chili .

Sau Jose, Chili

Cotopaxi, Ecuador
Antisana, Ecuador
Cayambe, Ecuador
Tacora, Bolivia

Tolima, Colombia
Misti, Peru
Altar, Ecuador
Maip6, Argentina
Sangai, Ecuador
Illiniza

Torlola, Argentina
Carihuairazo .

Tunguragua, Ecuador
Sierra de Santa Malta, Colombia
Smcholagua .

Cotocachi, Ecuador
Pichiucha, Ecuador .

Sara-uroa

Elevation.
Snow-lme

(approximate)

23,080 17,500
22,315

21,650
21,500

21,030
21,028

20,545 16,700
20,180
20,020
19,613 15,500
19,335 16,000
19,186 15,000
19,000
18,300

17,934

17,730 14,000
17,670
17,464

17,405

17,350

16,750 15,000
16,690

16,640
16,365 15,300
16,301 14,500
15,918
15,502 14,000

There are several other peaks whose elevations exceed
some of those given, but they have never been measured.
The elevation of the snow-line upon these mountains
varies somewhat, but it is lower on the east than on the
west side.

^

Of these peaks Cotopaxi, Tunguragua, Maip6,
and Sangai are the largest active volcanoes in the world.

There are glaciers in the Andes immediately beneath
the equator. The largest of these are upon Amtisana,
Cayambe, and Chimborazo, Altar, Carihuairazo, Cotocachi,
Illiniza, Sara-urca, and Sincholagua (Whymper). Farther
south in Chile and Argentina there are glaciers upon
Aconcagua, Tupungato, &c., while in Patagonia along
Smyth Channel and in the Strait of Magellan they are
very large and flow down to the sea. The high Andes
regions,

^

even far below the lofty peaks, are cold, bare of
vegetation, monotonous, and desolate. At a very few

places there are cities and towns in the high mountains

;

Quito in Ecuador has an elevation of 9343 feet, Bogota in

Colombia of 8665 feet, while La Paz in Bolivia is 12,000
feet above the sea. The highest habitable poition gener-

ally has an elevation of about 8000 feet. But for the

most part the lofty regions aie unpeopled, so much so

that this belt is known as the Despojplado or the un-

peopled country. The high barren belt is comparatively

nairow in Peru, but it widens southward thiough Bolivia,

Chile, and Argentina. It has an aveiage width of about
150 miles. (For further details see Andes.)
The mountainous character of the western side of the

continent ends abruptly in the Strait of Magellan.

Northward along the east side of the continent the coast

is flat as far as the northern part of Eio Grande do SuL
From latitude 33° 30' to latitude 29° 30' the coast is

bordered by large brackish lakes. At latitude 29° 30' the

coast mountains of Brazil (the Serra do Mar) are near the

ocean and follow the shore noithward as far as latitude
19° 30'. This piece from *29° 30' to 19° 30' is -the most
picturesque portion of the Brazilian coast. The moun-
tains rise in many places directly from the seashore to an
elevation of more than 2000 feet. Where their sides are

not smooth bare granite, they are covered with luxuriant

tropical vegetation from base to summit. The port of

Eio de Janeiro, one of the most beautiful in the world,

and the ports of Santos and Yictoria as well, are formed
by a late depression of the coast that admitted the sea to

narrow submerged valleys that had been cut by denuda-
tion on the margins of granite mountains. From lati-

tude 20° northward the mountains swing inland, and the

coast is low as far as Prado, latitude 17° 25'. North
of Prado the coast is bordered by a wall of brightly

coloured bluffs from 50 to 250 feet high, which continue

with interruptions almost to the mouth of the Amazon.
About Cape St Eoque the coast is covered with sand
dunes. From the Abrolhos Islands (lat. 18°) northward
to Cape St Eoque there are many coral reefs. In some
places these reefs are several miles off shore, as they are

near the Abrolhos, and many miles in length and breadth

;

in other places they follow the coast line for a hundred
miles or more with few interruptions, now touching the

shore and now standing out two or three miles from land.

Occasionally there are small ports behind them. The
most considerable break in their continuity is between the

Bay of Bahia and the mouth of the Eio Sao Francisco.

Along this same coast are reefs of hard sandstone that are

often mistaken for coral reefs. These stone reefs stand

like artificial walls or breakwaters across the mouths of

the smaller rivers and the choked-up valleys, and thus

form several of the ports on this part of the coast
;
such

are Pernambuco, Natal, Porto Seguro, and several others

of minor importance.

The Serra do Mar, or Brazilian coast range, is the most
prominent topographic feature of the eastern side of the

continent. This range, or group of ranges, backed by a high

plateau, is within sight of the ocean from the north-eastern

corner of Eio Grande do Sul in Brazil (lat. 29° 30') to the

mouth of Eio Doce, in S. latitude 19“ 30'. The following

are the highest points that have been measured on the

Brazilian highlands :

—

Peak. Elevation.

Itatiaya, State of Rio de Janeiro . . 984:0 feet

Itajuba or Tembe, State of SSo Paulo . 7800 ± ,,

Organ Mountains, State of Rio de Janeiro . 7323 ,,

Frade, State of Espirito Santo . . . 6770 ,,

Cara9a, State of Minas Geraes . . . 6234:± ,,

Itamb^ State of Minas Geraes . . . 5900 ± ,,

Itacolomi, State of Minas Geraes . . 5748 „
Moiro do Lopo, State of SSo Panlo , 5250 ,,

Serra da Onga, State of Rio de Janeiro , . 4592 ,,

Pyreneos, State of Goyaz . . . 4544 „
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There is an elevated region near the eastern corner of

the continent on the watershed between Eio Sao Francisco,
Eio Jaguaribe, and Eio Parahyba do Norte. This water-
shed is not a mountain range, but a broad and broken
plateau with an elevation of about 3000 feet, and with
individual peaks reaching 4000 feet above tide level.

North of the mouth of the Amazon the coast is low,

much of it is swampy, and all of it is forest-covered as
seen from the ocean. This low coast extends across the
Guaanas and Venezuela as far as the headland north of

the Gulf of Paria, where the Merida or Venezuelan branch
of the Andes reaches the sea. Along this Guiana coast is

a belt of low wooded land, beyond which the streams aie

not navigable save by canoes. The highlands south of

Venezuela and the Guianas, and north of the Amazon
valley, form a broad plateau, above which rise several high
peaks. The known peaks are ;

—

Roraima . . . 8740 feet.

Dmda . . . 8500 ,,

Maiaguaca . . 8230 ,,

Turagua . . 6000 ,,

This highland is mostly forest-covered, but there are in

the area also large campos or open grass-covered plains.

The Amazon, the Orinoco, and the Paraguay or La
Plata river systems drain an area of 3,686,400 square

miles. Less imposing, but yet large and im-

portant streams are the Magdalena in Colombia,

the Essequibo in British Guiana, and the Sao Francisco

in Brazil. The Amazon (properly the Eio das Amazonas
or river of the Amazons) and its tributaries is not only

the largest river in South America, but by far the largest

in the world (g.v,) The total navigable length of the main
stream, from Par4 to the head of the navigation on the

Huallaga in Peru, is 3000 miles. This does not include

the hundreds of equally navigable parallel side channels

that accompany the main stream from its mouth almost

to the mouth of the Javary. Above the falls, again, all

these streams are navigable for long distances. The river

is nowhere confined to a single channel, but its waters

spread over an enormous fiood-plain and flow with a
sluggish current through thousands of side channels that

anastomose with each other so that it is impossible for

one not familiar with the stream to distinguish the main
channel. In several places the river is so wide that one

looking across it sees a water horizon as if he were looking

out over the ocean. Indeed much of the region is more
like a great freshwater sea filled with islands than it is

like a valley with a stream running through it. For the

most part the land along the river is low, flat, and marshy,

and under water a part of the time ;
but at a few places,

notably at Erere, Obidos, Velha Pobre, Parfi Paraud-qudra,

and Almeirim table-topped hills are visible from the river.

The banks of the stream and of its side channels are every-

where lined with a dense forest. The valley, however, is

not all forest-covered. Beginning near the Oyapok on
the Guiana frontier, a series of dry sandy campos or open

grassy plains, interrupted by wooded river banks, follow

along the north side of the river for about 700 miles.

The Upper Amazon valley opens broadly towards the

north-east and descends to the sea through the Orinoco,

while towards the south the Madeira basin, through one of

its upper branches—^the Guapore—unites with the basin of

the Paraguay.

The Orinoco proper rises in the highlands between

Brazil and Venezuela, by a broad curve swings around the

western end of these highlands, and then for 400 miles

flows east into the Atlantic. Along its lower course the

banks are covered with heavy forests. In its upper course

the mountainous highlands are visible along its right

bank, while on its left are enormous stretches of flat, tree-

less, grass-covered plains, extending to the foot-hills of the
Cordillera de Merida. During high water, the low, flat

country looks like a vast lake. The stream is navigable
during a part of the year a distance of 1000 miles or more.
Unlike the Amazon, the Orinoco has a great delta, and the
stream enters the sea through many channels.

Under the name of the Eio de la Plata may be in-

cluded the Uruguay, the Parand, and the Paraguay, vsith all

their tributaries. The plains of Argentina begin on the
Amazonian watershed in the highlands of Matto Grosso,
Brazil, and in Eastern Bolivia, and following down the
valley of the Paraguay pass out of the drainage area of

the Parana, properly speaking, and form the flat region
lymg between the foot-hills of the Andes and the Atlantic
Ocean almost to the Strait of Magellan—a length for this

plain of more than 2000 miles. The plains in the latitude
of Buenos Ayres and from there southward are low, nearly
flat on the east side, and rise almost imperceptibly to the
lower slopes of the Andes. They are mostly treeless

deserts covered with tufts of coarse grass, with here and
there shallow pools of salt or brackish water. There are

many small volcanic peaks and some short mountain
ranges over this great plain.

The valley of the Paraguay is here and there heavily

timbered, in other places it is a treeless or sparsely-

covered grassy plain, and in still others it is a hilly, dry,

and thinly-covered campo. The upper Paraguay river

winds through grass-covered, meadow-like plains appar-
ently as flat and boundless as the sea. Above this plain

rise a few isolated peaks, like so many islands in a great
lake. Only above the navigable portions of the stream,
1700 miles from its mouth, does it flow through a hilly

country. A noteworthy feature of the tributaries of the
Paraguay is that many of those flowing do-wn from the
region of the Andes are more or less brackish, while the
Uruguay and Parana and their tributaries entering from
the rainy, forest-covered regions of Brazil, are aU fresh-

water streams.

The Sao Francisco is the largest river that lies wholly
in Brazil. It rises in the highlands not far from the

coast in latitude 21° and flows north-east parallel with the

coast until it reaches latitude 9“ 30', where it bends
sharply to the right and enters the Atlantic 360 miles

south of Cape St Eoque. It is navigable in its lower

course, but at a distance of 140 miles from its mouth the

falls of Paulo Affbnso, the “ Niagara of Brazil,” interrupt

I

all navigation. The upper part of the river, however, is

I

navigable for a long distance. Throughout its entire

length it flows through a hilly or mountainous country.

The Eio Magdalena in Colombia is a crooked, muddy
stream entering the sea through two mouths

;
it is navi-

gable up to Honda (862 feet above tide-level) and has a

length of 2000 miles. Above the mouth of Eio Cauca,

the mountains are visible on both sides of the river.

There are remarkably few freshwater lakes in South
America, and most of these are in the Andes mountains.

Lake Titicaca, near La Paz in Bolivia, is, in
£,^4*5

respect of elevation and position, the most re-

markable lake of its size in the world. Its surface has an

elevation of 12,545 feet, it covers an area of between

4000 and 5000 square miles, has a maximum depth of

700 feet, and never freezes over. Titicaca discharges into

another shallow lake or marsh which is supposed to have

no outlet. Lake Junin or Chinchaicocha on the plateau

east of Lima in Peru has an area of 200 square miles,

and an altitude of 13,380 feet. Along the eastern

base of the Andes, in Southern Argentina, is a series

of lakes whose basins were probably formed by the

glaciers that formerly flowed down to the plains from

the mountain ranges. There are many lakes over the

S. L — 47
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flood-plains of all tie great rivers of South America, but

these are phases of the rivers themselves rather than lakes

in the ordinary sense. Lagoa dos Patos and Lagoa Merim

on the southern coast of Brazil are shallow brackish lakes

shut in by sandbanks thrown up by the sea. There are

small lagoons, formed in a similar manner, at many places

along the coast in the states of Eio de Janeiro, Espirito

Santo, and Alag6as. Lake Maracaibo on the Venezuela

coast is a narrow-necked bay rather than a lake.

The eastern coast of the South American continent has

remarkably few islands, and these are all small, except

Trinidad, off the coast of Venezuela, and the
Islands.

islands in the mouth of the river Amazon.

The island of Trinidad (area, 1755 square miles) is separated

from the continent by the Gulf of Paria. Along the

northern end of the island is a range of mountains about

3000 feet high, which are geologically the eastern end of

the Cumana range of the Venezuela mainland, with which

they were formerly united. On the south side of the

island is the famous pitch lake—the most extensive de-

posit of asphalt known. The island of Fernando de

Noronha, 230 miles off Cape St Eoque, is of volcanic

oiigin, and has an area of 12 square miles. Although this

island is separated from the mainland by a channel 13,000

feet deep, it really stands on the deep continental shelf.

The Eocas, a small coral island, lies 80 miles west of Fer-

nando de Noronha. The shores of the Falkland Islands

(area, 6500 square miles) are indented by long tortuous

channels that have the appearance of having been formed
by the depression of a hilly land surface. One of these

channels quite separates the two main islands. One peak,

Mount Adams, has an elevation of 2300 feet. The group
is separated from the mainland by a shallow sea, whEe its

flora and fauna show that it was formerly connected with
the Patagonian mainland. The Tierra del Fuego group of

islands and the other islands that border the south-west

coast, from the Strait of Magellan to latitude 42®, by
their flora, fauna, the land forms and the forms and depths
of the channels about them, show that they were not long
ago, geologically speaking, a part of the mainland, from
which they have become separated by the depression of

the southern portion of the continent. This depression

has admitted the sea to the lower valleys, making fjords of

them, while the highlands and mountain tops remain pro-

jecting from the water as islands.^

The flora of South America embraces a large number
of peculiar types originating either in the highlands of

Flora
or in the Andes region. Several of our

most useful plants are natives of the South
American tropics. Among these are the rubber-producing
plants, cotton, potatoes, maize, the cinchona, Paraguayan
tea, ipecac, vegetable ivory, coca, and the chocolate plant.

Other tropical and subtropical plants, such as coffee,

sugar-cane, oranges, and bananas have been introduced,

and are extensively cultivated. The flora of the Amazon
valley may be taken as the type of that of the moist
valleys. The forests are almost impenetrable; roads
through them are soon closed by the rank growth, and
vines, creepers, and chmbing plants turn them into verit-

able mats down to the water’s edge. Bamboos reach an
enormous size and form extensive thickets along certain
streams. Palms are the most characteristic and beautiful
trees, and reach their greatest development in the Amazon

^ The continent of Sontli America has nearly all been explored after
a fasbion, but mncb of it has never been mapped. The statements
frequently met with to tbe effect that there are large unexplored
tracts should be taken with allowances. The various governments
have concerned themselves but little with explorations and mappmg,
and whatever has been accomplished has been done incidentally
rather than for the direct purpose of determining the geography and
topography.

valley. They take on a great variety of forms : some have

a height of 100 feet or more, others are no larger than a

lead pencil and only a yard high; some are tiunkless,

while others are slender and climb like vines. A note-

worthy feature of these tropical plants is that they seldom

form forests of a single or of a few species, as so often

occurs in the temperate zones. The shaded woods of the

forests in many places abound in beautiful ferns, some of

them reaching the dimensions of trees. The plants of the

campos and plains have a stunted appearance. The
grasses are wiry and tough, in places spreading evenly

over thousands of square miles of nearly level marshy
lands, as in the Gran Cha^o of the Paraguay valley, in

others growing in tufts over the sandy plains. In the

high table-lands of Southern Brazil, the araucarian pine

grows in beautiful forests as far north as Barbacena, state

of Minas. In the north-west, the western slopes of the

mountains are covered with a dense tropical vegetation

high up their sides, while on the east they are compara-

tively bare. In the high mountains, the flora, though
scant, resembles that of temperate regions. Sixty per

cent, of the genera are like those of the temperate zones,

but the species are peculiar to the Andes. On the lofty

peaks Whymper collected, of flowering plants, fifty-nine

species above 14,000 feet; thirty -five species above
15,000 feet; and twenty species above 16,000 feet.

The fauna of South America includes a large number of

species, but relatively a small number of individuals.

With local exceptions, this seems to be true of

all the forms of life. The land mammals are

nearly all small. There are many species of monkeys, all

of them arboreal. The only reptiles that are at all

abundant are lizards, and, in some places, alligators.

There are only two large snakes, the boa constrictor and
the water boa, and they are not abundant. The other

kinds of snakes are represented by a small number of

individuals. Certain ruminants having long woolly hair,

the llamas, alpacas, and vicunas, are found only in the
high Andes. The llama has been domesticated, and is

used for carrying small burdens. The condor, the largest

living bird of flight, inhabits the lofty indes. The
insects of the highest peaks are related generically, but
not specifically, to those of the temperate latitudes of

North America, a fact interpreted by biologists to mean
that, probably on account of some obstacles to free move-
ment since the Glacial epoch, there has been no migration
along the Andes during the existence of living species.

(j. c. Be)

South American Meteorology.

South America lies between the mean annual isotherms

of 40® and 80® Fahr. The northern and north-eastern

portions of the continent, down nearly to the

tropic, are within the district enclosed by the
“

mean annual isotherm of 80°. The cold Peruvian cur-

rent deflects the isotherms strongly equatorwards along

the Pacific coast, especially between latitudes 30® S. and
the equator, while these same isotherms loop strongly

polewards over the land. The equatorward deflexion on
the west coast results in giving places on that coast much
lower temperatures than those of stations in correspond-

ing, or even considerably higher, latitudes on the east

coast. Lima, in latitude 12® S., has a mean annual tem-

perature of 66*2®
; Eio de Janeiro, which is nearly on the

tropic on the east coast, has a mean annual of 72 T®. The
mean annual temperatures on the Atlantic coast between
latitudes 30° and 40® S. are about 5® higher than those in

corresponding latitudes on the Pacific coast. The average

position of the heat equator (axis of the equatorial belt of

high temperature) is on the immediate sea-coast in North-
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eastern Brazil, whence the line runs north-west parallel

with, but somewhat inland from, the coast of Guiana and
Yenezuela. In January the heat equator moves to about
15® S. in Brazil, while in July it migrates northward be-

yond the limits of the continent. In the former month
the isotherm of 50® crosses the southernmost extremity of

South America, In July the isotherm of 30® is found
somewhat to the south of Cape Horn. Thus the southern

summer is not marked by ex-

cessively high mean tempera-

tures, and the southern winter

is moderate, even in the

higher latitudes. The mean
annual range of temperature
is very small over all of South
America. Over the northern

portion of the continent, in-

cluding Peru, northern
Bolivia, and the greater part

of Brazil, it is less than 10®.

Over a considerable part of

this same area the range is

even less than 5®. South of

the tropic and east of the
Andes the ranges increase to

between 30® and 40® in

Northern Argentina. In
Chile, on the other hand, they

are less than 20®. The whole of the narrow western coastal

strip thus has a very moderate climate. Even in the higher
latitudes the winters are very mild

;
the summers distinctly

cool. Over a portion of the coasts of Guiana and of Eastern
Yenezuela the mean minimum temperatures average over
68®. The lowest mean minima are found in the interior east

of the Andes and south of latitude 20® S. Temperatures
below 32® occur normally every winter over the highlands

of the southern interior of Brazil, and thence southward
over the interior of Argentina. The highest mean maxima
(104®) occur in the northern portion of Argentina. All of

the west coast has decidedly lower maxima. Throughout^
the mountainous region of South America altitude controls

temperature to a marked degree. Places situated far

above sea-level (e.y., Quito) enjoy “perpetual spring” tem-
peratures. On the high peaks, even on the equator, there

is eternal snow.

Eor the mean of the year the barometric equator crosses

South America closely along the line of the geographical

equator, running north of it on the western

^dwi^nds. coast. The middle portion of the continent is

under the control of the tropical high pressure

belt, while over the southern extremity the pressure

decreases rapidly towards the south pole. The seasonal

migration of sun and heat equator involve a sympathetic

migration of barometric equator and tropical high pressure

belt. In January the barometric equator moves south to

about lat, 10® in Brazil, while the axis of the tropical

high pressure belt lies about along 30® S. lat. in the

Atlantic, and 35® S. lat. in the Pacific. In July the

barometric equator lies along the northern coast, and the

axis of the tropical high pressure belt is also farther north

than in January. Seasonal changes and mean monthly
ranges of pressure are slight. The broad northern portion

of the continent east of the Andes, and north of the

tropical high pressure belt, is in the trade-wind zone. Here
the trades prevail as a ride, except when the sun is most
nearly overhead. They are then replaced by the equa-

torial belt of calms and rains, which migrates north and
south over this portion of the continent, following the

sun. The west coast within the trade-wind latitudes

south of the equator has its own system of winds, which

are under the control of the tropical high pressure area of
the Pacific, and blow from a southerly direction. The
winds of extra-tropical South America are also chiefly

controlled by the tropical anti-cyclonic areas of the South
Atlantic and South Pacific oceans. The former of these
areas gives easterly and south-easterly winds in the lower
latitudes of the eastern portion of the continent, and pre-

vailing north-westerly winds in the higher latitudes. On
the west coast strong south-

erly winds blow with trade-

like regularity north of the

Pacific anti - cyclone, while

north-westerly winds prevail

to the south of it. The sea-

sonal migration of these areas

of high pressure involves a
corresponding shift in the

wind systems under their

control. In summer south
and south-west winds prevail

along the west coast between
30® and 40® S. lat. South of
40® S. lat. north and north-

west winds predominate. In
winter the winds between 30®

and 40® S. lat. are variable,

with some calms, while the

west and north-west winds
blow nearer the equator than in summer. In corresponding
latitudes on the east coast there is also a northward exten-

sion of the limits of the north-west winds in winter. In
Argentina north-east, east, and south-east winds increase in

summer, and north, north-west, and west winds in winter.

In the mountains there are local winds, much influenced

by topography.

Darwin first distinctly emphasized the essential charac-

teristics of South American rainfall. In the latitudes of

prevailing easterly winds (trades) the eastern n j f ^
side of the continent and the eastern slopes of

^ ^ •

the Andes are well watered, while the western slopes are

comparatively dry. In the latitudes of prevailing westerly

winds the western slopes of the mountains have the most
precipitation, while the eastern side is dry. The rainfall

is considerable (60-80 inches

and over) on the elevated

windward coasts of the con-

tinent (Guiana, South-east

Brazil) within the trade-wind

belts, as it is on the eastern

slopes of the Andes, and over

an extended area along the

Amazon. Within the south-

east trade belt there is not-

ably less rainfall in the lee

of the highlands of South-

east Brazil, and the rainfall

also decreases rapidly in the

interior over the more
southern latitudes of this

same belt. The migration

of the belt of equatorial calms

and rains over the northern

portion of South America involves a seasonal rainfall over

the greater part of the trade-wind latitudes. There is a

dry season while the trade blows, and a rainy season

while the equatorial rainy belt is overhead. The coast of

Guiana, and Pernambuco and Bahia have winter rains.

The west coast within the trade-wind latitudes, from 4° S.

lat. to about 30® S., is very dry. It is shut off from the

trades, and has southerly, cool, non-rainy winds. Along

WnsTD Pressure.
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tliis desert coastal strip it seldom rains, but rain and snow

fall on the mountains of Peru and Bolivia during the

summer, North of lat. 4° S. there is abundant rainfall

from the equatorial rainy belt, reaching 160 inches a year

on the coast of Colombia north of the equator. Near the

west coast the migration of the equatorial rain belt pro-

duces two rainy and two dry seasons at certain stations

nearly on the equator (Quito and Bogota). Within the

latitudes of the prevailing westerly winds, the rainfall

reaches 80 inches annually along the southern coast of

Chile. East of the Andes, over much of the pampas of

Argentina and Patagonia, the average is under 10 inches.

Towards the southern extremity of the continent the rain-

fall east of the mountains increases again, reaching^ 40

inches a year in the extreme south-east. There is a

seasonal distribution of rainfall in Chile vrhich depends

upon the migration of the tropical high pressure belt.

Northern Chile, north of about 30“ B. lat., is always ^y.
Southern Chile has rain throughout the year, because it is

always under the regime of the prevailing westerly winds.

In the central portion there are rains only in winter,when

the westerlies impinge on that coast. Cyclonic storms do

not occur north of the latitudes occupied by the prevailing

westerly winds, but are very common in the high southern

latitudes. The winter rains of Central Chile come in con-

nexion with the cyclonic storms of that season. Thunder-

storms are most frequent over the north-west coast, as far

south as 4“ S. lat., and occur in considerable numbers over

all of tropical South America, except the arid west coast.

The violent summer thunderstorms of Argentina and

Uruguay (pamperos) often do serious damage to shipping

in the Bio de la Plata estuary.

South America may be divided into six climatic

provinces (following Supan). The first (“ Tropical Cor-

dilleran *’) includes the extreme north-western

^rmnees (coasts of Colombia and Ecuador), with
^ '

“perpetual spring” climates at high altitudes,

high temperatures near sea-level, and tropical rains. The
second (“Tropical ”) takes in the vast northern and north-

eastern territory east of the Andes, and reaches somewhat
south of the tropics. This is

under the control of trades

and equatorial rains, and has

mean annual temperatures

over 80% The third (“ Peru-

vian ”) extends along the

Pacific coast to 30“ S. lat., in-

cluding Northern Chile. This
province is abnormally cool,

and rainless. The “North
Chilian ” province, adjoining

it on the south, has a sub-

tropical climate, with winter

rains. Farther south the
“ South Chilian ” province,

which takes in also the ex-

treme southern extremity of

the continent, is very rainy
and has equable tempera-
tures throughout the year,

with cool summers The sixth (“Pampa”) province,
which includes the section east of the Andes and south of
the tropical province, has a fairly large range of tempera-
ture, especially in the north, while rain is not plentiful.

The following brief list includes some of the last notable
additions to our knowledge of the geography of South
America :

—

Henri A. CouDREAir. J&fudes mr les Guyemes et V
Paris, 1886 .—^Hbnri A. CoxmRBAtr. Voyages d travers les Guyanes
4 VAmazonie, Paris, 1887.—-Karl von den Steinen. Meise-

[ajn'thropology

scMlderung und Ergebnisse der zweiter Schinga Expeditiony 1SS7-

1888. Berlin, 1894.

—

Edward Whtmper. Travels amongst the

Greed Andes of the Equator. London, 1892.

—

Teodoro Wolf.
Geografia y Geologia del Ecuador. Leipzig, 1892.

—

E. A. Fitz-

gerald. The Highest Atides. London, 1899.

—

A Topographic

Survey of the State oj Sdo Paulo, Brazil, under the direction of
O. A. Derby, H. E. Williams, chief topographer. In courbe of

publication at Sao Paulo, Brazil.

—

A Topographic Survey of the

State of Minas Geraes, Brazil, under the direction of Alvaro d l

SiLVEiRA. In course of publication at Bello Hoiizonte, Minas
Geraes, Brazil.

See also lor Climate.—Hann. Handluch der Klimatologie. 2nd
edition, Stuttgart, 1897. (The most complete discussion of South
American climates. Gives numerous references )—Bartholomew’s
Physical Atlas, ydi. \\i. “Meteorology,” London, 1899. (Charts
of temperature, pressure, winds, rainfall, &c., with discussion.

)

(r. DK C. W.)

American Ethnology and ARCHicoLOGY.

The opinion is now well-nigh universal among anthro-

pologists that the American aborigines came from the

Old World. Whether writh Payne it is assumed
that in some remote time a speechless anthro-

poid passed over a land bridge, now the Bering aborigines*

Sea, which then sank behind him; or with

Dawkins and Brinton, that the French cave man came
hither by way of Iceland

;
or wdth Keane, that two sub-

varieties, the long-headed Eskimo-Botocudo type and the

Mexican round-headed type, prior to all cultural develop-

ments, reached the New World, one by Iceland, the other

by Bering Sea
;
or that Malayoid wanderers were stranded

on the coast of South America; or that no breach of

continuity has occurred since first the march of tribes

began this way—ethnologists agree that the aborigines

of the western came from the eastern hemisphere, and
there is lacking any biological evidence of Caucasoid or

Negroid blood fiovdng in the veins of Americans before

the invasions of historic times. The time question is one
of geology.

Following Notes and Queries on Anthropology, published

by the British Association for the Advancement of Science,

the study of the American aborigines divides itself into

two parts : that relating to their biology, and that relating

to their culture. In the four subdivisions of humanity
based on the hair, the Americans are straight-haired or

Mongoloid. But it will free this account of them from
embarrassments if they be looked upon as a distinct sub-

species of Homo sapiens. Occupying 135 degrees of

latitude, living on the shores of frozen or of tropical

waters; at altitudes varying from sea-level to several

thousands of feet ; in forests, grassy prairies, or deserts

;

here starved, there in plenty; with a night here of six

months’ duration, there twelve hours long
;
here among

health-giving vrinds, and there cursed with malaria
;
this

brown man became, in different culture provinces, brunette

or black, tall or short, long-headed or short-headed, and
developed on his own hemisphere variations from an
average type.

Since the tribes practised far more in-breeding than
out-breeding, the tendency was toward forming not only

verbal linguistic groups, but biological varieties
;

the

weaker the tribe, the fewer the captures, the greater the

isolation, and harder the conditions—^producing dolicho-

cephaly, dwarfism, and other retrogressive characteristics.

The student will find differences among anthropologists in

the interpretation of these marks—some averring that

‘comparative anatomy is worthless as a means of sub-

dividing the American subspecies, others that biological

variations point to different Old World origins, a third

class believing these structural variations to be of the
soil. The high cheek-bone and the hawk’s-bill nose are

universally distributed in the two Americas
;
so also are

proportions between parts of the body, and the frequency

AMERICA
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of certain abnormalities of the skull, the hyoid bone, the
humerus, and the tibia. Viability, by which are meant
fecundity, longevity, and vigour, was low in average.

The death-rate was high, through lack of proper weaning
foods, and hard hfe. The readiness with which the
American Indian succumbed to disease is well known.
For these reasons there was not, outside of southern
Mexico, northern Central America, and Peru, a dense
population. In the whole hemisphere there were not
over ten million souls.

The materials for studying the American man zoologically

exist in the form of collections in Peabody Museum, Cam-
bridge, Massachusetts, the Academy of Natural Sciences

in Philadelphia, and the United States National Museum
in Washington. Professor Putnam measured for the

World’s Columbian Exposition 17,000 living Indians,

and the results have been summed up by Boas. The
breadth of the Indian face is one centimetre more than
that of the whites, and the half-breeds are nearer the

Indian standard; this last is true also of colour in the

skin, eyes, and hair. In stature, the tall tribes exceed

170 cm.; middle stature ranges between 166 and 170;
and short tribes are under 166 cm. The Indians are on
the whole a tall people. Tribes that have changed resi-

dence have changed stature. The tallest statures are on
the plains. The mountains of the south-east and of the

west reveal the shortest statures. The whole Mississippi

Valley was occupied by tall peoples. The Athapascans of

New Mexico are of middle stature, the Pueblo peoples are

short. The Shoshone, Shahaptin, and Salish tribes are of

middle stature
;
on the coast of British Columbia, Puget

Sound, in Oregon, and Northern California, are the shortest

of all the North Americans save the Eskimo, while

among them, on the Columbia, are taller tribes. The
comparison of cranial indexes is rendered difficult by
intentional flattening of the forehead and undesigned

flattening of the occiput by the hard cradle-board. The
Mississippi Valley tribes are nearly brachycephalic ; the

index increases around the Great Lakes, and lessens farther

east. The eastern Eskimo are dolichocephalic, the

western are less so, and the Aleuts brachycephalic. On
the North Pacific coast, and in spots down to the Rio
Grande, are short heads, but scattered among these are

long bieads, frequent in Southern California, but seen

northward to Oregon, as well as in Sonora and some Rio
Grande pueblos. In the regions of greatest linguistic

mixture is the greatest heterogeneity of cephalic index.

The concepts on which the peoples of the Old World
have been classified, such as stature, colour, skeletal

measurements, nationality, and so on, cannot as

yet be used in America with success. The only

basis of division practicable is language, which

must be kept separate in the mind from the others. How-
ever, before the conquest, in no other part of the globe did

language tally so nearly with kinship. Marriage was
exogamic among clans in a tribe, but practically, though

not wholly, endogamic as between tribes, wife and slave

capture being common in places. In his family tree of

jSTomo Americanus Keane follows out such a plan, placing

the chief linguistic family names on the main limbs,

North American on one side, and South American on the

other. Deniker groups mankind into twenty-nine races

and sub-races. Americans are numbered thus :—21, South

American sub-race; Palseo-Americans and South Americans,

22, North American sub-race; tall, mesocephalic. 23,

Central American race
;

short, brachycephalic. 24, Pata-

gonian race; tall, brachycephalic. 25, Eskimo race;

short, dolichocephalic.

Zoologists divide the earth into biological areas or

regions, so both axchseologists and ethnologists may find
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it convenient to have in mind some such scheme of pro-

vinces as the following, named partly after the dominant
ethnic groups :—^Eskimo, on Arctic shores

;
Dene,

in North-western Canada
;
Algonkih- Iroquois, p^^^ces.

Canada and Eastern United States
;
Sioux, plains

of the west; Muskhogee, Gulf States; Tlinkit-Haida,

North Pacific coast; Salish-Chinook, Fraser-Columbia coasts

and basins ; Shoshone, interior basin
;
California-Oregon,

mixed tribes
;

Pueblo province, South-western United
States and Northern Mexico; Nahuatla-Maya, Southern
Mexico and Central America; Chibcha-Kechua, the Cor-
diUeras of South America

; Carib-Arawak, about Caribbean
Sea; Tupi-Guarani, Amazon drainage; Araucanian, Pampas;
Patagonian, peninsula; Fuegian, Magellan Strait. It is

necessary to use geographical terms in the case of Cali-

fornia and the North Pacific, the Caucasus or cloaca gentium
of the western hemisphere, where were pocketed forty

out of one hundred or more families of native tribes.

The same is true in a limited sense of Matto Grosso.

That these areas had deep significance for the native races

is shown by the results, both in biology and culture. The
presence or absence of useful minerals, plants, and animals

rendered some congenial, others unfriendly ; some areas

were the patrons of virile occupations, others of feminine

pursuits.

Among the languages of America great differences exist

in the sounds used. A collection of all the phonetic

elements exhausts the standard alphabets and
calls for new letters. A comparison of one family
with another shows also that some are vocalic and soft,

others wide in the range of sounds, while a third set are

harsh and guttural, the speaking of them (according

to Payne) resembling coughing, barking, and sneezing.

Powell also thinks that man Hved in America before he
acquired articulate speech. The utterance of these speech
elements in definite order constitutes the roots and sentences

of the various tongues. From the manner of assemblage,

all American languages are agglutinative, or bolophrastio,

but they should not be called polysynthetic or incorpora-

tive or inflexional. They were more or less on the way
to such organized forms, in which the world’s literatures

are preserved. As in all other languages, so in those of

aboriginal America, the sentence is the unit. Words and
phrases are the organic parts of the sentence, on which,

therefore, the languages are classified. It is on this basis,

of sentential elements that Powell has arranged the

linguistic families of North America. He has brought

together, in the Bureau of Ethnology in Washington,
many hundreds of manuscripts, written by travellers,

traders, missionaries, and scholars; and, better still, in

response to circulars, carefully-prepared vocabularies, texts,

and long native stories have been written out by trained

collectors. A corps of specialists—^Boas, Dorsey, Gatschet,

Hewitt, Mooney, Pilling— have studied many of these

languages analytically and comparatively. Other institu-

tional investigations have been prosecuted, the result of

all which will be an intelligent comprehension of the

philology of a primitive race.

Attention is frequently called to the large number of

linguistic families in America, nearly 200 having been

named, embracing over 1000 languages and dia-

lects. A few of them, however, occupied the

greater part of the lands both north and south

of Panama ;
the others were encysted in the territory of

the prevailing families, or concealed in culs-de-sac of the

i

mountains. They are, through poverty of material, un-

classed languages, merely outstanding phenomena. Fac-

tions separated from the parent body developed dialects

or languages by contact, intermarriage, and incorporation

with foreign tribes. To the old-time belief that languages
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multiplied by splitting and colonizing^ must be added tbe

theory that languages were formerly more numerous, and

that those of the Americans were formed by combining.

The families of North America, Middle America, and

South America are here given in alphabetical order, the

prevailing ones in small capitals :

—

Algonquiait, E. Can., N, Atlantic States, middle States, middle

Western States; Athapascak, N.W. Can., Alaska, Wash., Or.,

Cal., Ariz
,
Mex. ;

Attacapan, La. ; Beothukan, Nova
North

Scotia; Caddoan, Tex., Neb., Dak.; Chimaknan,
i

America,
•^g.sh. ;

Chimarikan, N. Cal. ;
Chimmesyan', Brit,

j

Col. ;
Chinookan, Or. ; Chitimachan, La. ; Chumashan, S. Cal.

;

Coahniltecan, Tex. ; Copehan, N. Cal. ;
Costanoan, Cal.

;
Eskimauan,

Arctic province; Esselenian, Cal.; Ihoquoian, N.Y., N.O.

;

Kalapooian, Or. ;
Karankawan, Tex. ;

Kee-ESAK, N. Mex. ;
Kiowan,

Neb. ;
Kititnahan, Brit. Col. ; Koltjschan, S. Alaska ;

Kula-
NAPAN, Cal. ; Knsan, Cal. ; Lutuamian, Or. ;

Mariposan, Cal.
;

Moqueluranan, Cal. ; MxiSKHOGEATsr, Gulf States ;
Natohesan,

Miss. ;
Palaihnihan, Cal. ; Piman, Ariz. ;

Pujnnan, Cal.
;
Quora-

tean, Or. ; Salinan, Cal. ; Salishan, Brit. Col. ; Sastean, Or.

;

Shahaptian, Or.
;
Shoshoneak, Interior Basin

;
Siotjan, Mo.

Yalley ;
Skittagetak, Brit. Col. ; Takilman, Or. ; Tanyoan,

Mex. ;
Timuquanan, Fla. ; Tonikan, Miss. ; Tonkawan, Tex.

;

Uchean, Ga. ; Waiilatpnan, Or. ; Wakashan, Yancouver L ; Wa-
shoan, Nev. ;

Weitspekan, Or. ;
Wishoskan, Cal. ;

Yakonan, Or.

;

Yanan, Or. ; Yukian, Cal.

;

Yuman, L. Cal. ; Eunyan, N. Mex.
Chapaneoan, Chi. ; Chinanteoan, Oax. ; Chontalan, So. Mex.

;

Euatusan, Nic. ; Lencan, Hon. ; Mayan, Yuo. and Gnat. ; Na-
HXJATLAN, Mex. ; Otomitlan, Cen. Mex. ; Kaman,
Hond. ;

Snbtiaban, Nic. ; Tarasoan, Mich.
;
Tehuante-

pecan. Isthmus
;

Tequistlatecan, Oax. ; Totonacan,
Mex. ; Triquian, So Mex. ; Ulvan, Nic, ; Xioaqnean, Hond.

;

Eapotecan, Oax. ; Zoqtjean, Tehuant.

Alikulufan, T. del Fuego
;
Arauan, R. Punis ; Arawakian, E.

Andes ; Atacamenyan, S. Peru ; Arauoanian, Pampas
;
AymaPuAN,

s th
Barbacoan, Colombia; Betoyan, Bogota; Cani-

America
^hanan, Bolivia ; Carahan, S. Brazil ; Garibian, around
Caribbean Sea ; Oatamarenyan, Chaco ; Changuinan,

Panama ; Oharruan, Parana R. ; Chibohan, Colombia ; Chnroyan,
Orinoco R. ; Coconucan, Colombia ; Cunan, Panama ; Gttayoxjrttan,
Paraguay R. ; Jivaroan, Ecuador ; Keohitan, Peru ; Laman,
N.E. Peru; Lulean, Yermejo R. ; Hainan, S. Ecuador; Matacoan,
Yermejo R, ; Mocoan, Colombia ; Mosetenan, E. Bolivia

; Onan,
T. del Fuego ; Paniquitan, Colombia ; Panoan, Ucayali R., Peru

;

Puquinan, Titicaca L. ; Samucan, Bolivia ; Tacanan, N. Bolivia

;

Tapuyan, Brazil ; Timotean, Yenezuela ; Tupian, Amazon R,

;

Tzonecan, Patagonia ; Yahgan, T. del Fuego ; Yunoan, Truxillo,
Peru ; Yurucarian, E. Bolivia ; Zapaeoan, Ecuador.

Written language was largely hierographic and heroic.

The drama, the cult image, the pictograph, the synechdo-
chic picture, the ideaglyph, were steps in a progress with-
out a break. The warrior painted the story of conflicts

on his robe only in part, to help him recount the his-

tory of his life
3
the Eskimo etched the prompters of his

legend on ivory
;
the THnkit carved them on his totem

post
;

the women fixed them in pottery, basketry, or
blankets. At last, the central advanced tribes made the
names of the abbreviated pictures useful in other con-
nexions, and were far on the way to a syllabary. Inter-
tribal communication was through gestures; it may be,

survivals of a primordial speech, antedating the differen-

tiated spoken languages.

^

To supply their wants the Americans invented modifica-
tions in natural materials, the working of which was their

Techno
collections in richly-endowed

iogy!^*^“
European and American museums are the wit-
nesses and types of these. There is danger of

confounding the products of native industries. The fol-

lowing classes must be carefully discriminated :—(a)
pre-Columbian, (5) Columbian, (c) pre-contact, (d) first

contact, (e)^ post-contact, present, and (^) spurious.
Pre-Columbian or pre-historic material is further classified
into that which had been used by Indians before the dis-
covery, and such as is claimed to be of a prior geological
period. Columbian, or 15th-century material, still exists
in museums of Europe and America, and good descriptions
are to be found in the writings of contemporary historians.

[anthropology

Pre-contact material is such as continued to exist in any tribe

down to the time when they were touched by the presence

of the trade of the whites. In some tribes this would bring

the student very near to the present time
;
for example,

before Steinen, the Indians in Matto Grosso were in

the pre-contact period. Post-contact material is genuine

Indian work more or less influenced by acculturation. It

is interesting in this connexion to study also first contact

in its lists of articles, and the effects produced upon abori-

ginal minds and methods. For example, a tribe that

would jump at iron arrow-heads stoutly declined to modify
the shafts. Present material is such as the Indian tribes

of the two Americas are making to-day. Spurious material

includes all that mass of objects made by whites and sold

as of Indian manufacture
;
some of it follows native models

and methods
;
the rest is fraudulent and pernicious. The

question whether similarities in technology argue for con-

tact of tribes, or whether they merely show corresponding

stages of culture, with modifications produced by environ-

ment, divides ethnologists.

The study of mechanics involves materials, tools, pro-

cesses, and products. No iron tools existed in America
before the invasion of the whites. Mineral,

vegetable, and animal substances, soft and hard,
^fcbacScs

were wrought into the supply of wants by means
of tools and apparatus of stone, wood, and bone

;
tools for

cutting, or edged tools
;
tools for abrading and smoothing

the surfaces of substances, like planes, rasps, and sand-

paper
;
tools for striking, that is, pounding for the sake of

pounding, or for crushing and fracturing violently; per-

forating tools; devices for grasping and holding firmly.

These varied in the different culture provinces according

to the natural supply, and the presence or absence of good
tool material counted for as much as the presence or

absence of good substances on which to work. As a means
of grading progress among the various tribes, the tool is

valuable both in its working part and its hafting, or

manual part. Fire drills were universal.

Besides chipped stone knives, the teeth of rodents,

sharks, and other animals served an excellent purpose.

In North-west America and in the Caribbean area the adze
was highly developed. In Mexico, Colombia, and Peru
the cutting of friable stone with tough volcanic hammers
and chisels, as well as rude metallurgy, obtained, but the

evidences of smelting are not convincing. Engineering
devices were almost wanting. The Eskimo lifted his

weighted boat with sheer-legs made of two paddles; he
also had a tackle without sheaves, formed by reaving a
greased thong through slits cut in the hide of a walrus.

The North-West Coast Indians hoisted the logs that formed
the plates of their house frames into position with skids

and parbuckles of rope. The architectural Mexicans,

Central Americans, and especially the Peruvians, had no
derricks or other hoisting devices, but rolled great stones

into place along prepared ways and up inclined planes of

earth, which were afterwards removed. In building the

fortress of Saesahuaman, heights had to be scaled; in

Tiahuanaco stones weighing 400 tons were carried seventeen

miles
;
in the edifices of OUantaytambo not only were large

stones hauled up an ascent, but were fitted perfectly. The
moving of vast objects by their simple processes shows
what great numbers of men could be enlisted in a single

effort, and how high a grade of government it was which
could hold them together and feed them. In Arizona,

Mexico, and Peru reservoirs and aqueducts prove that

hydrotechny was understood.

Time-keeping devices were not common. Sun-dials and
calendar monuments were known among the more advanced
tribes. Fractional portions of time were gauged by shadows,
and time of day indicated by the position of the sun with
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reference to natural features. No standards of weigliing

or measuring were known, but the parts of the body
were the units, and money consisted in rare and durable
vegetable and animal substances, which scarcely reached the
dignity of a mechanism of exchange. If the interpretation

of the Maya calculiform glyphs be trustworthy, these people
had carried their numeral system into the hundreds of

thousands, and devised symbols for recording such high
numbers.

The Americans were, in most places, flesh-eaters. The
air, the waters, and the land were their base of supplies,

and cannibalism, it is admitted, was widespread.
With this animal diet everywhere, vegetable

substances were mixed, even in the boreal regions. Where
the temperature allowed vegetable diet increased, and fruits,

seeds, and roots were laid under tribute. Storage was
common, and also the drying of ripened fruits. The most
favoured areas were those where corn and other plants

could be artificially produced, and there barbaric cultures

were elaborated. This farming was of the rudest kind.

Plots of ground were burned over, trees were girdled, and
seeds were planted by means of sharpened sticks. The
first year the crop would be free from weeds, the second
year only those grew whose seeds were wafted or carried

by birds, the third year the crop required hoeing, which
was done with sticks, and then the space was abandoned
for new ground. Irrigation and terrace culture were
practised at several points on the Pacific slope from Arizona
to Peru. The steps along which plant and animal domes-
tication passed upwards in artificiality are graphically illus-

trated in the aboriginal food quest.

Except in the boreal areas the breech-clout was nearly
universal with men, and the cincture or short petticoat

with women. Even in, Mexican and Mayan

Tnd^adorn^
Sculptures the gods are arrayed in gorgeous

men?. breech-clouts. The foot-gear in the tropics was
the sandal, and passing northward the moccasin,

becoming the long boot in the ^ctic. Trousers and the
blouse were known only among the Eskimo, and it is

difficult to say how much these have been modified by
contact. Leggings and skin robes took their place south-

ward, giving way at last to the nude. Head coverings

also were gradually tabooed south of the 49th parallel.

Tattooing and painting the body were well-nigh universal.

Labrets were worn by Eskimo, Tlinkit, Nahuatlas, and
tribes on the Brazilian coast. For ceremonial purposes
all American tribes were expert in masquerade and dramatic
apparel, A study of these in the Mstoric tribes makes
plain the motives in gorgeous Mexican sculptures.

The tribal system of family organization, universal in

America, dominated the dwelling. The Eskimo under-

Jiabitaiion
houses of sod and snow, the D^n^ and

* Sioux bunch of bark or skin wigwams, the

Pawnee earth lodge, the Iroquois long house, the Tlinkit

great plank house, the Pueblo with its honeycomb of

chambers, the small groups of thatched houses in tropical

America, and the Patagonian toldos of skin are examples.

The Indian habitation was made up of this composite

abode, with whatever out-structures and garden plots were
needed. A group of abodes, however joined together,

constituted the village or home of. the tribe, and there

was added to these a town hall or large assembly structure

where men gathered and gossiped, and where all dramatic

and religious ceremonies were held. Powell contends that

in a proper sense none of the Indian tribes were nomadic, but
that governed by water-supply, bad seasons, and supersti-

* tion (and discomfort from vermin must be added), even

the Pueblo tribes often tore down and rebuilt their domi-

ciles. The fur trade, the horse, the gun, disturbed the

sedentary habit of American tribes. Little attention was

paid to furniture. In the smoke-infested wigT^am and hut
the ground was the best place for sitting or sleeping. The
communal houses of the Pacific coast had bunks. The
hammock was universal in the Tropics, and chairs of wood
or stone. Eating was from the pot, with the hand or

spoon. Tables, knives, forks, and other prandial apparatus

were as lacking as they were in the palaces of kings a few
centuries before.

Stone-working was universal in America. The tribes

quarried by means of crowbars and picks of wood and
bone. They split the silicious rocks with
stone hammers, and then chipped them into

shape with bone tools. Soap-stone for pottery

was partly cut into the desired shape in the native ledge,

broken or prised loose, and afterwards scraped into form.

Paint was excavated with the ubiquitous digging-stick, and
rubbed fine on stones with water or grease. For polished

stonework the material was pecked by blows, ground with
other stones, and smoothed with fine material. Sawing
was done by means of sand or with a thin piece of harder

stuff. Boring was effected with the sand-drill
;
the hardest

rocks may have been pierced with specially hard sand.

At any rate stones were sawed, shaped, polished, carved,

and perforated, not only by the Mexicans, but among
other tribes. For building purposes stones were got out,

dressed, carved, and sculptured with stone hammers and
chisels made of hard and tenacious rock. Stonecutters’

tools of metal are not known to have existed, and they
were not needed. Their quarrying and stone working was
most wasteful. Those localities where chipping was done
reveal hundreds of tons of splinters and failures, and these

are often counted as ruder implements of an earlier time.

The dressed stones for great buildings were pecked out of

the ledges, and broken off with levers in pieces much too

large for their needs.

Metals were treated as malleable stones by the American
aborigines. No evidence of smelting ores with fluxes is

offered, but casting from metal melted in open „ .

fires is assumed. Gold, silver, copper, pure or
^ ^

mixed with tin or silver, are to be found here and there in

both continents, and nuggets were objects of worship.

Tools and appliances for working metals were of the rudest

kind, and if moulds for casting were employed these were

broken up
;
at least no museum contains samples of them,

and the processes are not described. In the Arctic and
Pacific coast provinces, about Lake Superior, in Yirginia

and North Carolina, as well as in ruder parts of Mexico

and South America, metals were cold-hammered into

plates, weapons, rods, and wire, ground and polished,

fashioned into carved blocks of hard, tenacious stone by
pressure or blow, overlaid, cold -welded, and plated.

Soldering, brazing, and the blowpipe in the CordiUeran

provinces are suspected, but the evidence of their existence

must be further examined. A deal of study has been

devoted to the cunning Tubal Cains, the surprising pro-

ductions of whose handiwork have been recovered in the

art provinces of Mexico and the Cordilleras, especially in

Chiriqui, between Costa Eica and Colombia. It must be

admitted, however, that both the tools and the processes

have escaped the archaeologist, as they did “the ablest

goldsmiths in Spain, for they never could conceive how
they had been made, there being no sign of a hammer or

an engraver or any other instrument used by them, the

Indians having none such ” (Herrera).

The potter’s wheel did not exist in the Western world,

but it was almost invented. Time and muscle, knack and

touch, a trained eye and brain, and an unhmited

array of patterns hanging on fancy’s waUs, aided

by a box of dry sand, were competent to give the charming

results. No more striking contrast can be found between
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forlorn conditions and refined art products. Art in clay

was far from universal in tlie two Americas. Tlie Eskimo

on Bering Sea had learned to model shallow bowls for

lamps. No pottery existed in Athapascan boundaries.

Algonkin-Iroqnois tribes made creditable ware in South-

eastern Canada and eastern United States. Muskhogean

tribes were potters, but Siouan tribes, as a rule, in all the

Mississippi drainage were not. In their area, however,

dwelt clay-working tribes, and the Mandans had the art.

Moreover, the mound-builders in the eastern half of this

vast plain, being sedentary, were excellent potters. In the

Muskhogee province the tribes were more settled, making

clay vessels possible. On the Pacific side of the continent

not one of the forty linguistic families made pottery. The

only workers in clay west of the Bockies and north of the

Pueblo country belonged to the Shoshonean fannly in the

interior basin.

The study of Indian textiles includes an account of their

fibres, tools, processes, products, ornaments, and uses. Their

fibres were either animal or vegetable; animal

Inaustties.
Were hair, fur on the skin, feathers, hide,

sinew, and intestines
;
vegetable fibres were stalks

of small trees, brush, straw, cotton, bast, bark, leaves, and

seed vessels in great variety as one passes from the north

southward through all the culture provinces. The products

of the textile industry in America were bark cloth, wattling

for walls, fences and weirs, paper, basketry, matting, loom
products, needle or point work, net-work, lace-work, and
embroidery. In the manufacture of these the substances

were reduced to the form of slender filaments, shreds, rods,

splints, yarn, twine, and sennit or braid. All textile work
was done by hand; the only devices known were the

bark-peeler, the shredder, the flint-knife, the spindle, the

rope-twister, the bodkin, the warp-beam, and the most
primitive harness. The processes involved were gathering

the raw material, shredding, splitting, gouging, wrapping,

twining, spinning, and braiding. Twining and spinning

were done with the fingers of both hands, with the palm
on the thigh, with the spindle, and with the twister.

Ornamentation was in form, colour, technical processes,

and dyes. The uses to which the textiles were put were
for clothing, furniture for the house, utensils for a thousand
industries, fine arts, social functions, and worship.

In order to comprehend the more intricate processes of

the higher peoples it is necessary to examine the textile

industry in all of the culture areas. It is essentially

woman's work. The Eskimo woman did not weave, but
was expert in sewing and embroidering with sinew thread
by means of a bodfin. The D6ii6 peoples used strips of

hide for snowshoes and game-bags, sewed their deerskin
clothing with sinew thread, and embroidered in split quill.

Their basketry, both in Canada and in Arizona, was coiled

work. The northern Algonkin and Iroquoian tribes

practised similar arts, and in the Atlantic States wove
robes of animal, and bird skins by cutting the latter into

long strips, winding these strips on twine of hemp, and
weaving them by the same processes employed in their

wicker basketry. Textile work in the Sioux province was
chiefly the making of skin garments with sinew thread,
but in the Gulf States the existence of excellent cane and
grasses gave opportunity for several varieties of weaving.
On the Pacific coast of America the efflorescence of
basketry in every form of technic was known. This art

reached down to the borders of Mexico. Loom-weaving in
its simplest form began with the Chilkats of Alaska, who
hung the warp over a long pole, and wrought mythological
figures into their gorgeous blanikets by a process resembling
tapestry work. The forming of bird skins, rabbit skins,

and /feathers into robes, and all basketry stitches, existed
from Vancouver Island to Central America. In northern

[anthropology

Mexico net-work, rude lace-work in twine, are followed

farther south, where finer material existed, by figured

weaving of most intricate type and pattern
;
warps were

crossed and wrapped, wefts were omitted, and texture

changed, so as to produce marvellous effects upon the

surface. This composite art reached its climax in Peru,

the llama wool affording the finest staple on the whole
hemisphere. Textile work in other parts of South America
did not differ from that of the Southern States of the

Union. The addition of brilliant ornamentation in shell,

teeth, feathers, wings of insects, and dyed fibres completed
the round of the textile art. A peculiar type of coiled

basketry is found at the Strait of Magellan, but the

motives are not American.

Since most American tribes lived upon flesh, the activi-

ties of life were associated with the animal world. These
activities were not confined to the land, but had

y; t h
to do also with those littoral meadows whore
invertebrate and vertebrate marine animals fed in unlimited

numbers. An account of savage life, therefore, includes

the knowledge of the animal life of America and its dis-

tribution, regarding the continent, not only as a whole, but
in those natural history provinces and migrations which
governed and characterized the activities of the peoples.

This study would include industries connected with capture,

those that worked up into products the results of capture,

the social organizations and labours which wore involved

in pursuit of animals, the language, skill, inventions, and
knowledge resulting therefrom, and, finally, the religious

conception united with the animal world, which has been
named zootheism. In the capture of animals would be
involved the pedagogic influence of animal life; the

engineering embraced in taking them in large numbers

;

the cunning and strategy necessary to hunters so poorly

armed giving rise to disguises and lures of many kinds.

Capture begins among the lower tribes with the hand,
without devices, developing knack and skill in seizing,

pursuing, climbing, swimming, and maiming without
weapons

; and proceeds to gathering with devices that

take the place of the hand in dipping, digging, hooking,
and grasping

;
weapons for striking, whether clubs, missiles,

or projectiles
;
edged weapons of capture, which were rare

in America
;
piercing devices for capture, in lances, barbed

spears, harpoons, and arrows
;
traps for enclosing, arresting,

and killing, such as pens, cages, pits, pen-falls, nets, hooks,

nooses, clutches, adhesives, deadfalls, impalers, knife traps,

and poisons
;
animals consciously and unconsciously aiding

in capture
;

fire in the form of torches, beacons, burning
out and smoking out; poisons and asphyxiators

; the.

accessories to hunting, including such changes in food,

dress, shelter, travelling, packing, mechanical tools, and
intellectual apparatus as demanded by these arts. Finally,

in this connexion, the first steps in domestication, begin-

ning with the improvement of natural corrals or spawning
grounds, and hunting with trained dogs and animals.

Zootechnic products include food, clothing, ornaments,

habitations, weapons, industrial tools, textiles, money, &c.

In sociology the dependence of the American tribes upon
the animal world becomes most apparent. A great

majority- of all the family names in America were from
animal totems. Th^ division of labour among the sexes-

was based on zootechny. Labour organizations for hunt-

ing, communal hunt, and migrations had to do with the

animal world.

In the duel between the hunter and the beast-mind the .

intellectual powers of perception, memory, reason, and will

were developed
;
experience and knowledge by experience *

were enlarged, language and the graphic arts were fostered,

the inventive faculty was evoked and developed, and
primitive science was fostered in the unfolding of numbers.
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metrics, clocks, astronomy, history, and the philosophy of

causation. Beliefs and practices with reference to the
heavenly w-orld were inspired by zoic activities

;
its location,

scenery, and environment were the homes of beast gods.
It was largely a zoopantheon

;
thus zootheism influenced

the organization of tribes and societies in the tribes. The
place, furniture, liturgies, and apparatus of worship were
hereby suggested. M;^hs, folk-lore, hunting charms,

fetishes, superstitions, and customs were based on the
same idea.

Excepting for extensive and rapid travel over the snow
in the Arctic regions by means of dog sleds, the extremely

Travel
transportation by dog travail (or sledge)

in the Sioux province, and the use of the llama as

a beast of burden throughout the Peruvian highlands, land
travel was on foot, and land transportation on the backs
of men and women. One of the most interesting topics of

study is the trails along which the seasonal and annual
migrations of tribes occurred, becoming in Peru the paved
road, with suspension bridges and wayside inns or tambos.

In Mexico, and in Peru especially, the human back was
utilized to its utmost extent, and in most parts of America
harness adapted for carrying was made and frequently

decorated with the best art. In the Mexican codices

pictures of men and women carrying are plentiful. Travel-

ling on the water was an important activity in aboriginal

times. Hundreds of thousands of miles of inland waters

and archipelagoes were traversed. Commencing in the !

Arctic region, the Eskimo in his kayak, consisting of a
framework of drift wood or bone covered with dressed seal-

skin, could paddle down East Greenland, up the west

shore to Smith Sound, along Baffin Land and Labrador,

and the shores of Hudson Bay throughout insular Canada
and the Alaskan coast, around to Mount St Elias, and for

many miles on the eastern shore of Asia. In addition

to this most delicate and rapid craft, he had his umiak
or freight boat, sometimes called woman’s boat. The
Athapascan covered all North-western Canada with his open

birch-bark canoe, somewhat resembling the kayak in finish.

The Algonkin-Iroquois took up the journey at Bear Lake
and its tributaries, and by means of paddling and portages

traversed the area of Middle and Eastern Canada, includ-

ing the entire St. Lawrence drainage. The absence of

good bark, dugout timber, and chisels of stone, deprived

the whole Mississippi Valley of creditable watercraft, and
reduced the natives to the clumsy trough for a dugout and
miserable bull-boat, made by stretching dressed buffalo

hide over a crate. On the Atlantic coast of the United

States the dugout was improved in form where the waters

were more disturbed. John Smith’s Indians had a fleet of

dugouts. The same may be said of the Gulf States tribes,

although they added rafts made of reed. Along the

archipelagoes of the North Pacific coast, from Mount St

Elias to the Columbia river, the dugout attained its best.

The Columbia river canoe resembled that of the Amur, the

bow and stern being pointed at the water line. Poor

dugouts and rafts, made by tying reeds together, consti-

tuted the watercraft of California and Mexico until Central

America is reached.

The Caribs were the Haidas of the Caribbean Sea and

Northern South America. Their cr^ft would vie in form,

in size, and seaworthiness with those of the North Pacific

coast. The catamaran and the reed boat were known to

the Peruvians. The tribes of Venezuela and Guiana,

A according to Im Thurn, had both the dugout and the

built-up hull. The simplest form of navigation in Brazil

was the woodskin, a piece of bark stripped from a tree,

and crimped at the ends. The sangada, with its plat-

form and sail, belonging to the Brazilian coast, is spoken

of as a good seaworthy craft. Einally, the Fuegian bark

canoe, made in three pieces so that it can be taken apart

and transported over hills and sewed together, ends the
series. The American craft was propelled by poling,

paddling, and by rude sails of matting.

The aesthetic arts of the American aborigines cannot be
studied apart from their languages, industries, social

organizations, lore, and worships. Art was ^
limited most of all by poverty in technical

^

appliances. There were just as good materials and inspira-

tions, but what could the best of them do without metal
tools? One and all, skilful to a surprising degree

—

weavers, embroiderers, potters, painters, engravers, carvers,

sculptors, and jewellers—^they were wearied by drudgery
and overpowered by a never-absent, weird, and grotesque

theology. The Eskimo engraved poorly, the Dene em-
broidered, the North Pacific tribes carved skilfully in horn,

slate, and cedar, the California tribes had nimble fingers

for basketry, the Sioux, like the Mexicans, gloried in

feathers. The mound builders, Pueblo tribes, middle
Americans, and Peruvians, were potters of many schools,

gorgeous colour fascinated the Amazonians, the Patagonians

delighted in skins, and even the Euegians saw beauty in

the pretty snail shells of their desolate island shores. Of
the Mexican and Central American sculpture and archi-

tecture a competent judge says that Yucatan and the

southern states of Mexico are not rich in sculptures, apart

from architecture
;
but in the valley of Mexico the human

figure, animal forms, fanciful life motives in endless

variety, were embodied in masks, yokes, tablets, calendars,

cylinders, disks, boxes, vases, and ornaments. The
Nahuatl lapidary had at hand many varieties of workable
and beautiful stone

;
onyx, marble, limestone, quartz and

quartz crystal, granite, syenite, basalt, trachyte, rhyolite,

diorite, and obsidian, the best of material prepared for

them by nature; while the Mayas had only limestone,

and hard, tenacious rock with which to work it, and
timber for burning lime. However, looking over the whole
field of North American achievement, architectural and
non-architectural, composite and monolithic, the palm for

boldness, magnitude of proportions, and infinity of labour,

must go to the sculptured mosaics of Yucatan. Maya
architecture is the best remaining index of the art achieve-

ments of the American race. The construction of such

buildings as the palace at Uxmal and the castillo at

Chicken indicates a mastery in architectural design. There
is lack of unity in plan and grouping, and an enormous
waste of material as compared with available room. At
Uxmal the mass of masonry is to chamber space about as

forty to one. The builders were “ignorant of some of the

most essential principles of construction, and are to be

regarded as hardly more than novices in the art ” (Holmes).

As for the marvels of Peru, the walls of the temple of the

sun in Cuzco, with their circular form and curve inward,

from the ground upward, are most imposing. Some* of

the gates without hntels are beautiful, and the geometric

patterns in the walls extremely effective. The same
objection to over-massiveness might not apply here as in

Mexico, owing to volcanic activity.

Institutions in Europe and America have gathered

abundant material for an intelligent comprehension of

American Indian sociology. The British Associa-

tion has had a committee reporting during

many years on the tribes of North-west Canada. The
American Museum in New York has prepared a series of

monographs on the tribes of the North Pacific coast, of

Northern Mexico, and of the Cordillera^ of South America.

The reports of the Bureau of Ethnology in Washington

cover the Eskimo, east and west, and all the tribes of the

United States. In Mexico the former labours of Pimentel

^nd Orozco y Berra are supplemented by those of Bandelier,
*
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Penafiel, Herrera, and Cicero. Otto StolPs studies in

Guatemala, Berendt’s in Central America, Ernst's in

Venezuela, Im Thurn’s in Guiana, those of Ekrenreich,

Yon den Stoinen, Meyer in Brazil, or of Bandelier, Bastian,

Bruhl, Middendorf, von Tschudi in Peru, afford the

historian of comparative sociology ample groundwork for

a comiDrehensive grasp of South American tribes. In all

parts of the western hemisphere society was organized on

cognate kinship, real or artificial, the unit being the clan.

There were tribes where the basis of kinship was agnate,

but these were the exceptions. The headship of the clan

was sometimes hereditary, sometimes elective, but each

clan had a totemic name, and the clans together constituted

the tribe, the bond being not land, but blood. Women could

adopt prisoners of war, in which case the latter became

their younger sons. When a confederacy was organized

undef a council, intermarriage between tribes sometimes

occurred
;
an artificial kinship thus arose, in which event

the council established the rank of the tribes as elder and

younger brother
j
grandfather, father, and sons, rendering

the relationship and its vocabulary most intricate, but

necessary in a social system in which age was the predomi-

nant consideration and etiquette most exacting.

The Eskimo have a regular system of animal totem

marks and corresponding gentes, Powell sets forth the

laws of real and artificial kinship among the North
American tribes, as well as tribal organization and govern-

ment, the formation of confederacies, and the intricate

rules of artificial kinship by which rank and courtesy were

established. Bandelier declares that in Mexico existed

neither state nor nation, nor political society of any kind,

but tribes representing dialects, and autonomous in matters

of government, and forming confederacies for the purposes

of self-defence and conquest. The ancient Mexican tribe

was composed of twenty autonomous kins. According to

Brinton the social organization of ancient Peru was a
government by a council of the gentes. The Inca was a
war chief elected by the council to carry out its conamands.

Among the Canbs a like social order prevailed
; indeed,

their family system is identical with the totem system of

North American Indians. Dominated by the rule of

blood relationship, the Indians regulated all co-operative

activities on this basis. Not only marriage, but speech

and common industries, such as rowing a boat or chasing

a buffalo, were under its sway. It obtrudes itself in fine

art, behaviour, law-making, lore, and rehgion. In larger

or smaller numbers of cognate kindred, for shorter or

longer periods of time, near or far from home, the abori-

gines developed their legislatures, courts, armies, secret

societies, and priesthoods.

In organization, engineering, strategy, offence, and
defence, the art of war was in the barbarous and the

savage status or grade. One competent to judge

war,
asserts that peace, not war, was the normal
intertribal habit. They held frequent inter-

course, gave feasts and presents, and practised unbounded
hospitality. Through this traffic objects travelled far

from home, and now come forth out of the tombs to
perplex archaeologists. Bemembering the organization of
•the tribe everywhere prevalent, it is not difficult to under-
stand that the army, or horde, that stands for the idea,

was assembled on the clan basis. The number of men
arrayed under one banner, the time during which they
might cohere, the distances from home they could
march, their ability to hold permanently what they had
gained, together form an excellent metric scale of the
culture grade in the several American provinces, and
nowhere, even in the most favoured, is this mark high.
With the Mexicans war was a passion, but warfare
was little above the raid (Bandelier). The lower tribes

hunted their enemies as they hunted animals. In their

war dances, which were only rehearsals, they disguised

themselves as animals, and the pantomime was a mimic

hunt. They had striking, slashing, and piercing weapons

held in the hand, fastened to a shaft or thong, hurled

from the hand, from a sling, from an atlatl or throwing-

stick, or shot from a bow. Their weapons were all indi-

vidual, not one co-operative device of offence being known
among them, although they understood fortification.

The term “ slavery " is often applied to the aboriginal

American tribes. The truth of this depends upon the

definition of the word “slave.” If it means the capture

of men, and especially of women, and adoption into the

tribe, this existed everywhere- but if subjection to a
personal owner, who may compel service or sell the indi-

vidual, slavery was far from universal. Nieboer finds it

only on the North Pacific coast as far south as Oregon,

among the Navajo and the Cibola pueblos, and in a few
tribes of Middle and South America.

The thought life of the American aborigines is expressed

in their practical knowledge and their lore. The fascina-

tion which hangs around the latter has well-

nigh obscured the former. As in medicine

theory is one thing and practice another, so among these

savages must the two be carefully discriminated. Dorsey,

again, draws a distinction between lore narratives, which
can be rehearsed without fasting or prayer, and rituals

which require the most rigid preparation. In each culture

province the Indians studied the heavenly bodies. The
Arctic peoples regulated their lives by the long day and
night in the year; among the tribes in the and region

the place of sunrise was marked on the horizon for each

day
;
the tropical Indians were not so observant, but they

worshipped the sun god above all. The Mayas had a

calendar of 360 days, with intercalary days; this solar

year was intersected by their sacred year of twenty weeks
of thirteen days each, and these assembled in bewildering

cycles. Their knowledge of the air and its properties

was no less profound. Heat and cold, rain and drought,

the winds in relation to the points of the compass, were

nearest their wants and supplies, and were never out of

their thoughts. In each province they had found the

best springs, beds of clay, paint, soapstone, flinty rock,

friable stone for sculpture, and hard, tenacious stone for

tools, and used ashes for salt. The vegetal kingdom was
no less familiar to them. Edible plants, and those for

dyes and medicines, were on their lists, as well as wood
for tools, utensils, and weapons, and fibres for textiles.

They knew poisonous plants, and could eliminate noxious

properties. The universal reliance on animal life stimu-

lated the study of the animal kingdom. Everywhere there

were names for a large number of species ;
industries and

fine arts were developed through animal substances. Society

was organized in most cases on animal clans, and religion

was largely zoomorphic. The hunting tribes knew well

the nature and habits of animals, their anatomy, their

migrations, and could interpret their voices. Out of this

practical knowledge, coupled with the belief in personeity,

grew a folk-lore so vast that if it were written down the

world would not contain the books.

The religion of the American aborigines, so far as it can

be made a subject of investigation, consisted (1) in what
the tribes believed about spirits, or shades, and

^ ^
the spirit world—^its organization, place, activi-

® ^

ties, and relation to our world
;
and (2) in what they did

in response to these beliefs. The former was their creeds,

the latter their cults or worships. In these worships,

social organization, religious dramas and paraphernalia,

amusement and gambling, and private religion or fetichism,

found place. In order to obtain an intelligent grasp of
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the religion of tribes in their ‘several culture provinces^ it

must be understood
: (1) That the form of belief called

animism by Tylor (more correctly speaking, personeity),

was universal
;
everything was somebody, alive, sentient,

thoughtful, wilful. This personeity lifts the majority of

earthly phenomena out of the merely physical world and
places them in the spirit world. Theology and science

are one. All is supernatural, wakan, (2) That there

existed more than one self or soul or shade in any one of

these personalities, and these shades had the power not
only to go away, but to transform their bodily tenements
at will

;
a bird, by raising its head, could become a man

;

the latter, by going on all fours, could become a deer.

(3) That the regulative side of the spirit world was the

natural outcome of the clan social system and the tribal

government in each tribe. Even one^s personal name had
reference to the world of ghosts. The affirmation that

American aborigines believed in an all-pervading, omni-

potent Spirit is entirely inconsistent with the very nature

of the case. (4) Worship was everywhere dramatic. Only
here and there among the higher tribes were bloody sacri-

fices in vogue, and prayers were in pantomime.

In the culture areas the environment gave specific

characters to the religion. In the Arctic province the

overpowering influence of meteorological phenomena mani-

fested itself both in the doctrine of shades and in their

shamanistic practices. The raven created the world.

The Dene myths resembled those of the Eskimo, and all

the hunting tribes of Eastern Canada and United States

and the Mississippi Valley have a mythology based upon
their zootechny and their totemism. The rehgious con-

ceptions of the fishing tribes on the Pacific coast between

Mount St Elias and the Columbia river are worked out

by Boas; the transformation from the hunting to the

agricultural mode of life was accompanied by changes in

belief and worship quite as radical. These have been

carefully studied by Cushing, Stevenson, and Pewkes.

The pompous ceremonials of the civilized tribes of Mexico

and the Cordilleras in South America, when analysed,

reveal only a higher grade of the prevailing idea. Im
Thurn says of the Carib : “All objects, animate and
inanimate, seem exactly of the same nature, except that

they differ in the accident of bodily form.*' These mytho-
logical ideas and symbols of the American aborigines

were woven in their textiles, painted on their robes and
furniture, burned into their pottery, drawn in sand mosaics

on deserts, and perpetuated in the only sculptures worthy

of the name, in wood and stone. They are inseparable

from industry
;
language, social organization, and custom

wait upon them : they explain the universe in the savage

mind.

The archgeology of the western hemisphere should be

divided as follows : (1) that of Indian activities
; (2) the

question of man’s existence in a prior geological
A^aeo-

period, there is no dividing line between first-

contact ethnology and pre-contact archgeology.

Historians of this time, both north and south of Panama,

described tools and products of activities similar to those

taken from beneath the soil near by. The archgeologist

recovers his specimens from waste places, cave deposits,

abandoned villages, caches, shell-heaps, refuse heaps, en-

closures, mounds, hut rings, earthworks, garden beds,

quarries and workshops, petroglyphs, trails, graves and

cemeteries, cliff and cavate dwellings, ancient pue'blos,

ruined stone dwellings, forts and temples, canals or

reservoirs. The relics found in these places are material

records of language, industries, fine arts, social life, lore,

and religion. ,

Here and there in the Arctic province remains of old

village sites have been examined, and collections brought
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away by whalers and exploring expeditions. Two facts
are established—^namely, that the Eskimo lived formerly
farther south on the Atlantic coast, and that, aboriginally,

they were not specially adept in carving and etching.

The old apparatus of hunting and fishing is quite primi-

tive. The Dene province in Alaska and ISTorth-western

Canada yields nothing to the spade. Algonkin-Iroquois
Canada, thanks to the Geological Survey and the Depart-
ment of Education in Ontario, has revealed old Indian
camps, mounds, and earthworks along the northern drainage
of Lakes Erie and Ontario, and pottery in a curved line

from Montreal to Lake of the Woods. Throughout Eastern
United States shell-heaps, quarries, workshops, and camp
sites are in abundance. The Sioux and the Musidiogee
province is the mound area, which extends also into Canada
along the Red river. The forms of these are earth-heaps,

conical mounds, walls of earth, rectangular pyramids, and
effigies. Thomas sums up the work of the Bureau of

Ethnology upon the structure, contents, and distribution

of these earth monuments, over a vast area from which
adobe, building stone, and stone-working material were
absent. No writings have been recovered, the artizans

shaping small objects in stone were specially gifted, the

potters in only a few places approached those of the

Pueblos, the fine art was poor, and relics found in the

mounds do not indicate in their makers a grade of culture

above that of the Indian tribes near by.
^
The archgeology

of the Pacific slope, from the Aleutian Islands, is written

in shell-heaps, village sites, caves, and burial-places. The
relics of bone, antler, stone, shell, and copper are of yester-

day. Even the Calaveras man is no exception, since his

skull and his polished conical pestle, the latter made of

stone more recent than the auriferous gravels, show him to

have been of Digger Indian type. In Utah begin the ruins

of the Pueblo culture. These cover Arizona and New
Mexico, with extensions into Colorado on the north and
Mexico on the south. The reports of work done in this

province for several years past form a library of text and
illustration. Cliff dwellings, cavate houses, pueblos, and
casas are all brought into a series without a break by
Bandelier, Cushing, Eewkes, Holmes, Mindeleff, Norden-
skiold, Powell, and Stevenson. From Casa Grande, in

Chihuahua, to Quemada, in Zacatecas, Lumholtz found
survivals of the cliff dwellers. Between Quemada and
Copan, in Honduras, is an unbroken series of mural
structures. The traditions agree with the monuments,
whatever may be objected to assigning any one ruin to

the Toltec, the Chichimec, or the Nahuatl, that there are

distinct varieties in ground -plan, motives, stone-craft,

wall decorations, and sculptures. Among these splendours

in stone the following recent explorers must be the

student’s guide :—Charnay, Forstemann, Goodman, Gordon,
Holmes, Maudslay, Mercer, Sapper, Sa^^e, Seler, Thomas,
Thompson. A list of the ruins, printed in the handbook
on Mexico published by the Department of State in

Washington, covers several pages. The special character-

istics of eacn are to be seen partly in the skill and genius

of their makers, and partly in the exigencies of the site

and the available materials. A fascinating study in this

connexion is that of the water-supply. The cenotes or

underground reservoirs were the important factors in

locating the ruins of Northern Yucatan. From Honduras
to Panama the um burials, the pottery, the rude carved

images, and, above all, the grotesque jewellery, absorb

the archgeologist’s attention.

Beyond Chiriqui southward is El Dorado. Here also

bewildering products of ancient metallurgy tax the imagina-

tion as to the processes involved, and questions of accul-

turation also interfere with true scientific results. The
fact remains, however, that the curious metal craft of the
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narrow strip along the Pacific from Mexico to Titicaca is

the greatest of archaeological enigmas. Bandelier, Holmes,

Selor, and Uhle have taken up the questions anew.

Beyond Colombia are Ecuador and Peru, where, in the

widening of the continent, architecture, stone-working,

pottery, metallurgy, textiles, are again exalted. Among
the Cordilleras in their western and interior drainages,

over a space covering more than twenty degrees of latitude,

the student comos again upon massive ruins. The

materials on the coast were clay and gravel, wrought in1:o

concrete, sun-dried bricks, and pis4 or rammed work, cut

stalks of plants formed with clay a kind of staff, and

lintels were made by burying stems of cana brava

{Oynerium saccharoides) in blocks of pise. On the uplands

structures were of stone laid up in a dozen ways. Walls

for buildings, garden terraces, and aqueducts were straight

or sloping. Doorways were usually square, but corbelled

archways and gateways surmounted with sculptures were

not uncommon. Ornamentation was in carving and in

colour, the latter far more effectively used than in Middle

America, A glance at the exquisite textiles reveals at

once the inspiration of mural decorations. The most pro-

lific source of Peruvian relics is the sepulchres or huacas,

the same materials being used in their construction as in

building the houses. Here, owing to a dry climate, are

the dead, clad and surrounded with food, vessels, tools,

and art products, as in life. The textiles and the pottery

can only be mentioned
;

their quality and endless varieties

astonish the technologist. In the Carib province there are

no mural remains, but the pottery, with its excessive on-

laying, recalls Mexico and the jewellers of Chiriqui. The
polished stone work is superb, finding its climax in Puerto

Kico, which seems to have been the sacred island of the

Caribs. For the coasts of South America the vast shell-

heaps are the repositories of ancient history.

Since 1880 organized institutions of anthropology I

have taken the spade out of the hands of individual

explorers in order to know the truth concern-

ing Glacial or Pleistocene man. The geo-

logist and the trained archaeologist are asso-

ciated. In Horth America the sites have been examined
by the Peabody Museum and the Bureau of Ethnology,

with the result that only the Trenton gravels have any
standing. . The so-called palaeolithic implements are every-

where. The question is one of geology, simply to decide

whether those recovered at Trenton are ancient. Putnam
and Wright maintain that they are ancient, Chamberlain
and Holmes that they are post-Qlacial, and comparatively

recent. In South America the shell heaps, of enormous
size, are supposed to show that the animals have under-
gone changes in size and that such vast masses require

untold ages to accumulate. The first is a biological

problem. As for the second, the elements of savage

voracity and wastefulness, of uncertainty as to cubical

contents on uneven surface, and of the number of mouths
to fiU, make it hazardous to construct a chronological table

on a shell heap. Hudson’s village sites in Patagonia
contain pottery, and that brings them all into the territory

of Indian archaeology. Ameghino refers deposits in Pata-

gonia, from which undoubted human bones and relics have
been exhumed, to the Miocene. The question is of the

AMERICUS
age of the sediments from Vhich theso were taken. The
bones of other associated animals, says Hatcher, demon-
strate the Pleistocene nature of the deposits, by which is

not necessarily meant older Quaternary, for their horizons

have not been differentiated and correlated in South
America. Hatcher believes that “there is no good
evidence in favour of a great antiquity for man in Pata-

gonia.” In a cave near Consuelo Cove, Southern Pata-

gonia, have been found fragments of the skin and bones
of a large ground-sloth, Grypotherivm {Neomylodon) Ustai^

associated with human remains. Ameghino argues that

this creature is still living, while Dr Moreno advances the

theory that the animal has been extinct for a long period,

and that it was domesticated by a people of great

antiquity, who dwelt there prior to the Indians. Hauthal,
Both, and Nitsche review their work with the conclusion,

not unanimously held by them, that man co-existed here

with all the other animals whose remains were found
during an inter-Glacial period. Woodward reviews the

question in Proceedings of the Zoological Society ofLondon^
closing with this sentence : “If we accept the confirma-

tory evidence afforded by Mr Spencer Moore, we* can

hardly refuse to believe that this ground-sloth was kept

and fed by an early race of men.” These are individual

opinions, subject to revision by that court of appeals, the

institutional judgment.

Authorities.—

A

valuable eudowirieiit of research in specimens,
literature, and pictuies, deposited in libraries, museums, and
galleries since 1880 will keep ethnologists and archaeologists em-
ployed for many years to come. The scientific inquirer will find
amass of material in the papers and repoits contiibnted to the
vanous societies and institutions which are devoted to anthropolo-
gical research. The following short list of works includes, however,
a few authorities which have made use of recent discoveries gener-
ally :—H. H. Banoeoft. Nairn Maces of the Pacific States ofNoiih
America^ vols. i.-v. 1874-1876. Kew York.~D. G. Beinton.
Library of Aboriginal American Literature^ vols. i.-viii. 1882-1890.

Philadelphia. The American Mace. New York, 1891 .—Gustav
Beuhl. Die Culturvolker Amerikas. Cincinnati, 1889 .—DAsieiS
Charnay. TheAncient Cities of the New World. New York, 1887.

— S. Dellenbaugh. The NorthAmericans of Yesterday. New
York, 1901.—J. Deniker. The Maces of Man. London, 1900.

—

Paul Ehrenrbich. Die Volkerstamme Brasiliens. Berlin, 1892.

Anlhropologische Studien uber die Urbewohner Brasiliens. Berlin,

1897.

—J. W. Fewkes. a Journal of American Ethnology and
Archaeology^ Boston, 1891-94.—E. Forstemann. Zur
ErU,%%fferung der Maya Handschriftenf Parts i.-vii. Dresden, 1880,

1898, Die Maya ‘ Jdandschrift der Konigl. ofent. Bihliothek

zu Dresden. Leipzig, 1880 ; Dresden, 1891.—E. F. Im Thurn.
Among the Indians of Guiana. London, 1883.—^A. H. Keane.
Ethnology. Cambridge, 1896. Man^ Past and Present. Cam-
bridge, 1899.

—

^Washington Matthews. Navajo Legends.

Cambridge, Mass., 1897.—Anne Cary Maudslay and Alfred
Peeoival. a Glimpse at Guatemala, and some Notes on the

Ancient Monuments of Central America. London, 1899.— C.

Merger. The Sill Caves of Yucaiam. Philadelphia, 1896.

—

Marquis db Nadaillao. SAmerique prdhistorique. Paris,

1883.— J. Niebobr. Slanjery as an Industrial System. Ethno-
logical researches. The Hague, 1900.—G. Nordenskiold. The
Ohff Dmllers of the Mesa Verde, Colorado. Stockholm, 1893.—^Edward John Payne. History of the New World called

America, vol. i. 1892, vol. ii, 1899. Oxford.—^DisiR:^ Peotor.
Notes sur VAm^canisme; Quelques-wnes de ses lacunes en 1900.

Paris, 1900.—J. W. Powell, The United States of America. Ed.
by N. S. S. Shaler. New York, 1894,

—

Cyrus Thomas. Intro-

dmetion to the Stud/y of North American Archceology. Cincinnati,

1898.

—

Justin Winsoe. Narrative and Critical History of
America. Boston, 1889,—G. F. Weight. The Ice Age in North
America. New York, 1896. (o. T. M.)

America Islands. See Polynesia.

American Literature. See under United
States,

AmeriCUS, a city of Georgia, U.S.A., the capital

of Sumter county, situated in the south-western part of

the state at an altitude of 360 feet. It is in an agri-

cultural region which produces cotton and corn, and is on
the Central of Georgia and the Georgia and Alabama
railways. The population in 1880 was 3635, in 1890 it

was 6398, and in 1900 it was 7674.
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AlYiershaiTli or Agmondesham, a marker -town

and railway station in the Wycombe parliamentary
division of Buckinghamshire, England, 26 miles W.IST.W. of

London. Area of parish, 6119 acres. Population (1881),
2500; (1901), 3209. Rural district area, 39,800 acres;
population (1891), 12,501

; (1901), 13,541.

Amesburyi a town of Essex county, Massachusetts,
U.S.A., situated in north-eastern Massachusetts on the
north bank of the Merrimac river, six miles from its

mouth. Its area is fourteen square miles and its surface

is hilly. The principal village, bearing the same name
as the town, and noted as being the home of Whittier,
lies at the mouth of the Powow river, and is on the
Boston and Maine railway. The population of the town
(1880) was 3355

; (1890), 9798
; (1900), 9473.

Amhara. See Abyssinia.

Amhersti a district and town within the Tenas-

serim division of Lower Burma, lying between the

Indian Ocean and the hills which separate Burma from
Siam. The area of the district is 7062 square miles, with,

in 1891, a population of 233,539. The number of villages

in the district was 660, and the revenue paid in 1898-99 was
Rs.8,76,819. In 1891 the population comprised 191,241
Buddhists and Jains, 19,415 Hindus, 15,611 Mahommedans,
2897 aborigines, mostly EArens, and 4374 Christians.

Of the total area of 4,519,680 acres, there were 312,908
acres under cultivation in 1898-99, 14,594 acres were fallow,

77,912 acres were cultivable, and 3,670,276 acres were not

capable of cultivation. The chief town is Moulmein,
with a population of 65,785. Amherst town, about

30 miles to the south, has not grown to any appreci-

able extent and remains a mere bathing-place for Moul-
mein. The rainfall for the district in 1898-99 was
199*58 inches. This is below the average.

Amhersti the county town of Cumberland county

and port of entry in Nova Scotia, at the head of Chig-

necto Bay and on the Intercolonial Railway, 138 miles

from Halifax, It contains county and railway buildings, six

churches, an iron foundry and several factories, and shops

for the manufacture of railway carriages. In 1 900 the

exports were $338,525, and the imports $219,422. The
population in 1891 was 3781, and was estimated in 1900
at 5600.

'

Amhersti a town of Hampshire county, in central

Massachusetts, U.S.A., with an area of 26 square miles.

It is situated on the east side of Connecticut Valley, im-

mediately north of Holyoke Range. The village of the

same name is entered by two railways, the Boston and
Maine and the Central Vermont. Amherst College had in

1899 a faculty of 32 professors and instructors, and was
attended by 380 students. Its property was valued at

$2,400,000, and its income was $100,000. The state

Agricultural College had in 1899 a teaching staff of 19

professors and 140 students. The population in 1880 was

4298, in 1890 it was 4512, and in 1900 it was 5028.

Amieli Henri Frederic (1821-1881), Swiss

philosopher and critic, was born at Geneva, 27th September

1821. He was descended from a Huguenot family which

had been driven to Switzerland by the revocation of the

Edict of Hantes. He lost both his parents at an early age

;

when he grew up he devoted himself principally to travel,

mingling with the most intellectual circles throughout

Europe, and in particular studying German philosophy at

Berlin. In 1849 he was appointed professor of aesthetics

at the academy of Geneva, and in 1854 became professor

of moral philosophy. Notwithstanding his high quali-

fications, these appointments turned out unfortunately for

him. They had been conferred by the democratic party,
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then dominant in Geneva, and he was in consequence

entirely ignored by the aristocratic party, which com-

prised nearly all the culture and refinement of the city.

This painful isolation nevertheless inspired the one book
by which Amiel lives, the Journal Intime, which, pub-

lished after his death, obtained a European reputation

and was translated into English by hirs Humphry Ward.
Did not “second-rate” seem to imply a slur, this book
might be well described by the title of one of Tennyson^s

early poems, “ The Confessions of a Second-rate Sensitive

Mind ill at ease with itself.” Although, however, second-

rate as regarded productive power, Amiel’s* mind was of

no inferior quality, and his journal, as a candid record of

the yearnings and meditations of a thoughtful, affectionate,

and wounded spirit, gained a sympathy which the author

had failed to obtain in his life. He also wrote studies on
Erasmus, Madame de Stael, and other literary personages,

and several volumes of poems. Amiel died in Geneva on
the 27th of December 1881. (r. g.)

AmienSi the ancient capital of Picardy, and chief

town of the department of Somme, France, situated on the

river Somme, 81 miles from Paris by the Paris-Calais rail-

way. It has also railway communication with Arras, Lille

and Belgium, Tergnier and Rheims, Rouen and Normandy,
Doullens, Beauvais and Crepy-en- Valois. The chief

industries of the town are manufactures of cotton-velvet

(value of annual production, £400,000) and Utrecht velvet

(20,000 pieces, value £200,000 to £240,000 a year),

cotton-spinning, wool-spinning (50,000 spindles), hemp-
and fiax-spinning (24,000 spindles), weaving, manufactures

of hosiery, carpets, machinery, chemicals, sugar, and
nouveauth, brewing, tanning, printing, and founding. The
population of the town in 1886 was 68,177 ;

in 1896,

74,808 (commune, 88,731); in 1901, 90,758.

Ammunition. See Propellants, and Ord-
nance.

AmOYi a town and treaty-port on the small island of

Hiamen, province of Fuhkien, China. It has dry docks

and an excellent anchorage. The trade in 1870 was

:

imports, £1,915,427 ;
and exports, £1,440,000. In 1899

the figures were: imports, £2,180,000; and exports,

£363,000. The falling off of exports is due to the

decreased demand for China tea, for which Amoy was one

of the chief centres. The native population is now
estimated at 300,000, and the foreign residents number
about 280. A large part of the trade is that carried on

with the neighbouring island of Formosa, now Japanese.

The province of Fuhkien is claimed by the Japanese as

their particular sphere of infiuence.

Amphibia..—^The arguments adduced by Huxley,

in his article on this subject in the ninth edition of the

Encydopcedia Britannica, for applying this name to those

lung-breathing, pentadactyle vertebrates which had been

first severed from the Linnsean Amphibia by Brongniart,

under the name of Batrachia, have not met with universal

acceptance. Although much used in text-books and
anatomical works in Great Britain and in Germany, the

former name has been discarded in favour of the latter by
the principal authors on systematic herpetology, such as

Peters, Gunther, and Cope, and their lead is followed in the

present article. Bearing in mind that Linnaeus, in his use

of the name Amphibia, was not alluding to the branchiate

and pulmonate periods through which most frogs and

newts pass in the course of their existence, but only

wished to convey the fact that many of the constituents of

the group resort to both land and water crocodiles),

it seems hard to admit that the term may be thus diverted

from its original signification, especially when such a

A M P H I B.I A
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change results in discarding the name expressly proposed

by Brongniart to denote the association which has ever

since been universally adopted either as an order, a sub-

class, or a class. Many authors who have devoted special

attention to questions of nomenclature therefore think

Beptilia and Batrdchia the correct names of the two great

classes into which the Linnsean Amphibid have been

divided, and consider that the latter term should be

reserved for the use of those who, like that great authority,

the late Professor Peters, down to the time of his death in

1883, would persist in regarding reptiles and batrachians

as mere sub-classes (1). However extraordinary it may
appear, especially to those who bring the living forms

only into focus, that opposition should still be made to

Huxley’s primary division of the vertebrates other than

mammals into Sauropsida (birds and reptiles) and

Ichihyopsida (batrachians and fishes), it is certain that

recent discoveries in palaeontology have reduced the gap

between batrachians and reptiles to such a minimum as to

cause the greatest embarrassment in the attempt to draw a

satisfactory line of separation between the two; on the

other hand the hiatus between fishes and batrachians

remains as wide as it was at the time the article

“ Amphibia ” was written. When we turn to the defini-

tion given in that article {Ency. Brit. vol. i. p. 750), we find

that one of the essential characters
—“ two occipital con-

dyles, the basi-occipital region of the skull either very incom-

pletely, or not at all ossified ”—may require revision, if it

be true, as held by some authors, that the bone on which

the occipital condyles have been found most developed, in

some labyrinthodonts (2), represents a large basi-occipital

bone yielding the two knobs for the articulation of the skull,

whilst the skull of the batrachians of the present day has

lost the basi-occipital, and the condyles are furnished by the

exoccipitals. More than this, some reptiles are now known
to have the occipital condyle divided into two, and
produced either by the basi-occipital (e.y., AmpMshoenidcB,

in some of which the double condyle resembles very

closely that of the labyrinthodont Bothriceps\ or by the
j

exoccipitals (e.^., UroplatidcB), When we remember that

the supposed condition of the occipital condyles was not

very long ago thought sufficient to point to a possible

direct descent of the mammals from the batrachians, we
shall reabze the full importance of the more correct infor-

mation now available on this point. As a result of his

researches on the anomodont reptiles and the Stego-

cephalia (3), as the extinct order that includes the well-

known labyrinthodonts is now called, we have had the

proposal by Seeley (4)^ to place the latter with the reptiles

instead of with the batrachians
;
whilst Credner (5), basing

^his views on the discovery by him of various annectent

forms between the Stegocephalia and the Rhyncho-
cephalian reptiles, has proposed a class, Eotel/rapoda^ to

include these forms, ancestors of the batrachians proper
on the one hand, of the reptiles proper on the other. Yet,

that the Stegocephalia, notwithstanding their great affinity

to the reptiles, ought to be included in the batrachians as

commonly understood, seems sufficiently obvious from the
mere fact of their passing through a branchiate condition,

i.e., undergoing metamorphosis (6), The outcome of our
present knowledge points to the Stegocephalia, probably
themselves derived from the Crossopterygian fishes (7)
having yielded on the one hand the true batrachians (retro-

gressive series), with which they are to a certain extent
connected through the GmdatamA. the Apoda, on the other
hand the reptiles (progressive series), through the Rhyncho-
cephalians and the Anomodonts, the latter being believed,

on very suggestive evidence, to lead to the mammals (8).

The division of the class Amphibia, or Batrachia, into

four orders, as carried out by Huxley, is maintained, with.

however, a change of names : Stegocephalia^ for the

assemblage of minor groups that cluster round the Lahy-
rinthodonta of Owen, which name is restricted to the forms

for which it was originally intended
;
Peromela^ Urodela^

Anura, are changed to Apoda^ Gaudata^ Ecaudata^ for

the reason that (unless obviously misleading, which is not

the case in the present instance) the first-proposed name
should supersede all others for higher groups as well

as for genera and species, and the latter set have the

benefit of the law of priority. In the first subdivision of

the batrachians into two families by Burneril in 1806 {Zool.

Anal pp. 90-94) these

are termed “Anoures”
and “ Urodeles ” in

French, Ecaudati and
Gaudati in Latin.
When Bumeril’s pupil,

Oppel, in 1811 {Ordn.

Bept. p. 72), added the

Csecilians, he named the

three groups Apoda^
Ecaudata^ and Caudata,

The Latin form being

the only one entitled to

recognition in zoological

nomenclature, it follows

that the last-mentioned

names should be
adopted for the three

orders into which recent

batrachians are divided,

I. Stegocephalia

(9).— Tailed, lacerti-

form, or serpentiform PIQ. i, — Upper mgw of Arehegosaurus

batrachians, with the ^echem. (Outlmeb^ after Cl edner.)
^
pm,

temporal region of the

skull roofed over by
postorbital, squamosal,

and supratemporal
plates similar to the same bones in Crossopterygian fishes,

and likewise with paired bones (occipitals and post-

temporals) behind the parietals and supratemporals. A
parietal, foramen

; scales or bony scutes frequently present,

especially on the ventral region, which is protected further

by three large bony plates—interclavicle and clavicles, the

latter in addition to cleithra.

pr£emaxilla ;
n, nasal ; m, maxilla ; I, lacry-

mal ,3?/, prsefrontal frontal ;j, lugal ; ptf,

postfrontal; p, parietal; st, siipratempoial;

&(l, squamosal ;
pto, postorbital ; qj, quacliaio-

jugal, 0, occipital; pt, post -temporal ; q,

quadrate.

Extinct, ranging from the Upper Devonian to the Trias. Our
knowledge of Devonian forms is still extremely meagre, the only
certain proof of the existence of pentadactyle vertebrates a?t that

period resting on the footprints discovered in Pennsylvania and
described by Marsh (10) as Tinojpus antiqum. Sundry remains
from Belgium, as to the identification of which doubts are still

entertained, have been regarded by Lohest (11) as evidence of these

batrachians in the Devonian. Over 200 species are now distin-

guished, from the Carboniferous of Europe and North America, the

Permian of Europe, North America, and South Africa, and the

Trias of Europe, America, South Africa, India, and Australia.

The forms of batrachians with which we are acquainted show the

vertebral column to have been evolved in the course of time from
a notochordal condition with segmented centra similar to that of

early bony Ganoid fishes {e.g., Oaturus, Ewrycormus) to biconcave

centra, and finally to the socket-and-ball condition that prevails

at the present day. However, owing to the evolution of the

vertebral column in various directions, and to the inconstant

state of things in certain annectent groups, it is not possible,

it seems, to apply the vertebral characters to taxonomy with
that rigidity which Cope and some other recent authors have
attempted to enforce. This is particularly evident in the case of

the Stegocephalians
;
and recent batrachians, tailed and tailless,

show the mode ofarticulation ofthe vertebrae, whether amphiccelous,

opisthocoelous, or procoelous, to be of but secondary systematic

importance in dealing with these lowly vertebrates. The following

division of the Stegocephalians into five sub-orders is therefore

open to serious criticism
;
but it seems on the whole the most

natural to adopt in the light of our present knowledge.
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A. Rhachitomi (Figs. 1, 2), in whicli the spinal cord rests on
the notochord, which persists uninterrupted and is surrounded by
three bony elements in addition to the neural arch : a so-called

pleurocentrum on each side, which appears to represent the
centrum proper of reptiles and mammals, and an intercentrum or

hypocentrum below, which may extend to the neural arch, and
probably answers to the hypapophysis, as it is produced into

Pig. 2.—A, Dorsal vertebra, B, Caudal vertebra of Arcliegosamvi (Outline

after Jaekel ) na, neural arch ;
ch, chorda

; pi, pleurocentrum ;
ic, mter-

centrum.

chevrons in the caudal region. Mostly large forms, of Carboni-

ferous and Permian age, with a more or less complex infolding of

the walls of the teeth. Families : Archegosaubida!, Eryopidai,

Trtmerorhaohid^ Dissorhophidjj. The last is remarkable for

an extraordinary endo- and exo - skeletal carapace, Dissorhophus

being described by Cope (12) as a “batrachian armadillo,*’

B. Embolomeri, with the centra and intercentra eq^ually

developed discs, of which there are thus two to each neural arch

;

these discs perforated in the middle for the passage of the

notochord. This type may be directly derived from the preceding,

with which it appears to be connected by the genus Diplospondylvs.

Fam. : CRlooTiBiB, Permian.
C. Labpiiithodonta, with simple biconcave vertebral discs, very

slightly pierced by a remnant of the notochord and supporting the

loosely articulated neural arch. This condition is derived from
that of the Jthachitomii as shown by the structure of the vertebral

column in young specimens. Mostly large forms from the Trias

(a few Permian), with true labyrinthic dentition. Families :

LABYRIN^rnODONTIDiE, ANTHRAOOSAXJRIDiEJ, DENDRERPETIDiB,
NYRATSTTII) e.

D Microsauria, nearest the reptiles, with persistent notochord

completely surrounded by constricted cylinders on which the neural

arch rests. Teeth

/|\ hollow, with simple

JJl or only slightly

>/y folded walls. Mostly
7 of small size and
\ abundant in the Car-

^ boniferousand Lower
\

I

Permian, Families:

UbOCORDYIiID.®,
Li MNBRPETIDiS,
Hylonomidjb, (Fig.

3) MiCROBRACHID-aS,
Dohohosomatida; ;

the latter serpenti-

form, apodal.

E. Branchiosauria,
nearest to the true

hatrachians ; with
persistent, non-con-
stricted notochord,
surrounded by
barrel-shaped, bony
cylinders formed by
the neural arch

FiQ. 3.—^A, Dorsal vertebra of ISylotwitius (side view above and a pair of
and front view). B, Dorsal vertebia of BranchiO’ liplow

(side view andfrontview). (After Credner.) DelOW,

Tif neural canal ; cA, chorda. both these elements

taking an equal

share in the formation of a transverse process on each side for the

support of the rib. This plan of structure, apparently evolved out

of the rhachitomous type by suppression of the pleurocentra and

the do\vnward extension of the neural arch, leads to that charac-

teristic of frogs in which, as development shows, the veitebra is

formed wholly or for the gi eater pirt by the neural aich (13).

Small forms from the Upper Cai boniferous and Permian forma-
tions. A single family : BRANCHiosAURiDiE,

II. Apoda (14).—No limbs. Tail vestigial or absent.

Frontal bones distinct from parietals
;

palatines fused

with maxillaries. Male with an intromittent copulatory

organ. Degraded, worm-like batracMans of still obscure

affinities, inhabiting tropical Africa, South-eastern Asia,

and tropical America. Thirty-three species are known. No
fossils have yet been discovered. It has been attempted of

late to do away with this order altogether and to make the

Caecilians merely a family of the Urodeles. This view
has originated out of the very remarkable superficial resem-

blance between the Ichthyophis-lo^TY^ and the Amphiuma.
Cope (15) regarded the Apoda as the extremes of a line

of degeneration from the Salamanders, with Amphmma
as one of the annectent forms. In the opinion of the

cousins Sarasin (16), whose great work on the development
of Ichthyophls is one of the most important recent contri-

butions to our knowledge of the hatrachians, Amphiunia is

a sort of neotenic Caecilian, a larval form become sexually

mature while retaining the branchial respiration. If the

absence of limbs and the reduction of the tail were the

only characteristic of the group, there would be, of course,

no objection to unite the Csecilians with the Urodeles

;

but, to say nothing of the scales, present in many genera
of Apodals and absent in aU Caudates, which have
been shown by Credner to be identical in structure with
those of Stegocephalians, the Csecilian skull presents

features which are not shared by any of the tailed

hatrachians. G. M. Winslow (17), who has made a
study of the chondrocranium of Iclithyo-

phis, concludes that its condition could

not have been derived from a Urodele

form, but points to some more primi-

tive ancestor. That this ancestor was
nearly related to, if not one of the

Stegocephalians, future discovery will

in all probability show.

III. Cattdata (18).
—

^Tailed batrach-

ians, with the frontals distinct from

the parietals and the palatines from

the maxillary. Some of the forms

breathe by gills throughout their exist-

ence, and were formerly regarded as

establishing a passage from the fishes

to the air-breathing hatrachians. They
are now considered as arrested larvae

descended from the latter. One of the

most startling discoveries of the decade

1890-1900 was the fact that a number
of forms are devoid of both gills and
lungs, and breathe merely by the skin

and the buccal mucose membrane (19).

Three bhnd cave-forms are known : one Fig. A-^T^hiomoigc

terrestrial

—

Typhlotritm^ from North

America, and two perennibranchiate—Proteus in Europe

and Typhlomolge (Fig. 4) in North America.

This order contains about 150 species, referred to five families :

HYLiBOBATRAOHIDiB, SALAMANDRIDiB, AMPHIUMIDiE, PrOTEII)^,

SlRENIDJl.

Fossil remains are few in the Upper Eocene and Miocene of

Europe and the Upper Cretaceous of North America. The oldest

Urodele known is MyloRohatTCLchtis, Dollo (20) from the Lower

Wealden of Belgium. At present this order is confined to the

northern hemisphere, with the exception of two Spderpes from the

Andes of Ecuador and Peru, and a Plethodon from Argentina.

IV. Ecatjdata (21).—^Frogs and toads. Four limbs and

no tail. Radius confluent with ulna, and tibia with fibula

;

tarsus (astragalus and calcaneum) elongate, forming an
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additional segment in the hind limb. Caudal vertebrae

fused into a urostyle or coccyx. Frontal bones conhuent

with parietals.

This order embraces about 1300 species, of which some 40 are

fossil, divided into two sub-orders and sixteen families ;

—

A. Aglossa.—Eustachian tubes united into a single ostium

pharyngeum
;
no tongue. Dacttlethrid^, PiPiDiE.

B. Phaneroglossa. — Eustachian tubes separated ;
tongue

present. DisooGLOSsmis, PELOSAriDiB, HEMiPHEAcriDiE, Amphi-
GNATHODONTID^, HVLIDiE, BUPONIDiE,
DENDROPHRYKISCiniE, CTSTIGNATHIDiB,
DySCOPHID^, GEKYOPHRYNIDiB, EnGY-
STOMATIDiG, CERATOBATEACHIDiB, KaN-
IDiB, DENDEOBATIDiB.
The Phaneroglossa are divided into

two groups : Arcifera and Firniistcrnia,

representing two stages of evolution.

The family characters are mainly derived

from the dilatation or non - dilatation

of the sacral diapophyses, and the pres-

ence of teeth in one or both jaws, or

their absence. The DiscoglossidcB are

noteworthy for the presence of short ribs

to some of the vertebrae, and in some
other points, also, they approach the

tailed batrachians ;
they may be safely

regarded as, on the whole, the most
generalized ofknown Ecaudata. Distinct

ribs are present at an early age in the

Aglossa, as discovered hy Eidewood (22).

The recent addition of a third genus of

Aglossa, Hyinenochims (23) from tropical

Africa, combining characters of Pipa. and
5.—Vertebral column Xenopus, hasjremoved every douht as to

(veatial

genera. Eymenochirus is further remark-
able for the presence of only six distinct pieces in the vertebral
column, which is thus the most abbreviated among ail vertebrata
(Fig. 5).

Apart from a few unsatisfactory remains from the Eocene of
Wyoming, fossil tailless batrachians are ^only known from the
Oligocene, Miocene, and Pliocene of Europe and India. These
forms differ very little from those that live at the present day in
the same part of the world, and some of the genera {Discoglosms,

Bufo^ OxyglossuSy Rana) are even identical. Palmdbatmchus
(24), of which a number of species represented by skeletons of
the perfect form and of the tadpole have been described from
Miocene beds in Germany, Bohemia, and France, seems to be
referable to the PdobaMdm; this genus has been con^sidered as
possibly one of the Aglossa, hut the absence of ribs in the
larvae speaks against such an association.

Since the publication of the article Amphibia numerous additions
have been made to our knowledge of the development and nursing
habits, which are extremely varied, some forms dispensing with or
hurrying through the metamorphoses and hopping out of the egg
in the perfect condition (26).
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Breeding Habit and Development ot Rhacophorus schlegeliif Annot
Zool. Japan, i. 1898, p. 113. (g. A. B.)

AmphiOXUSii—^AmpHoxus has been briefly treated

under the headings Ichthyology, Lancblet, and Verte-
BRATA in the ninth edition of this work. Such, however,

is its importance in the present zoological system that a
more extended notice is desirable. The theoretical interest

of Amphioxus depends upon a variety of circumstances.

In its manner of development from the egg, and in the

constitution of its digestive, vascular, respiratory (bran-

chial), excretory, skeletal, nervous, and muscular systems

it exldbitn what appears to be a primordial condition of

vertebrate organization, a condition which is, in fact.
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partly recapitulated in the course of the embryonic stages

of craniate vertebrates. In comparative morphology it

provides many illustrations of important biological p>rin>

ciples (such, for example, as substitution and change of

function of organs), and throws new light upon, or at

least points the way to new ideas of the primitive relations

of different organic systems in respect of their function

and topography. One of the most puzzling features in its

structure, and, at the same time, one of the greatest

obstacles to the view that it is essentially primitive and
not merely a degenerate creature, is the entire absence of

the paired organs of special sense, olfactory, optic, and
auditory, which are so characteristic of the liigher verte-

brates. Although it is true that there is a certain amount
of gradation in the degree of development to which these

organs have attained in the various orders, yet it is hardly
sufficient to enable the imagination to bridge over the gap
which separates Amphioxus from the lowest fishes in regard
to this feature of organization.

Classification.—On account of the absence of anything in the
nature of a skull, Amphioxus has been regarded as the type of a divi-

sion, Acrania, in contrast with the Graniota which comprise all the
higher Chordata. The ordinal name for the genera and species of

Amphioxus is Cephalochoj^da, the term referring to the extension
of the primary backbone or notochord to the anterior extremity of
the body

; the family name is BraraMostomid(Z. The amount of

generic divergence exhibited by the members of this family is not
great in the mass, but is of singular interest in detail. There are

two principal genera— 1. Branchiostoma Costa, having paired

sexual organs (gonadic pouches) ; 2. Heteropleuron K.irkaldy,

with unilateral gonads. Of these, the former includes two sub-

genera, Amphioxus (s. str.) Yarrell and Willey.

The species belonging to the genus Heteroplenron are divided
among the three subgenera Baramphioxus Haeckel, Epigonichthys

Peters, and Asymmetron Andrews. The generic characters are

based upon definite modifications of form which affect the entire

facies of the animals, while the specific diagnoses depend upon
minor characters, such as the number of myotomes or muscle-
segments.

Hahits wnjd Distrilution,—^With regard to its habits, all that
need be said here is that while Amphioxus is an expert swimmer
when occasion requires, yet it spends most of its time burrowing
in the sand, in which, when at rest, it lies buried with head pro-

truding and mouth wide agape. Its food consists of microscopic

organisms and organic particles
;
these are drawn into the mouth

together with currents of water induced by the action of the
vibratile cilia which are abundant along special tracts on the sides

and roof of the vestibule of the mouth and in the walls of the
perforated pharynx ciliary ingestion ”), Amphioxus favours a
littoral habitat, and rarely if ever descends below the 50-fathom
line. Species occur in all seas of the temperate, tropical, and
subtropical zones. The European species, A, lanceolatus, is found
in the Black and Mediterranean Seas, and on the coasts of France,

Great Britain, and Scandinavia, while a closely allied species or

sub-species. A, carihoctis, frequents the Caribbean region from

Pig. l.^BpigonicUhys cultdlus from below and from the left side. (Slightly
altered fiom Ejrkaldy.) m and Irif right and left metapleur ; at, atnopore

;

an, anus ; e, “ eyespot ” at anterior end of neurochord projecting beyond the
myotomes (my)

; n, notochord ; rgo, gonads of right side only showing
through by transparency

; groao, the last gonad ; dfr, dorsal fin with fin-
chambers and fin-rays ; -ij/b, ventral fin-chambers.

Ch^apeake to La Plata. A, califomimsis occurs on the coast of
California, and A. belcheri extends its area of distribution from
Queensland through Sin^pore to Japan. A recently described
species, BoUchorhyndhiis mdicns, characterized by the great length
of the prawral lobe or snout, has been dredged in the Indian Ocean,
Baramphioxus ha$sam/us occurs on the coast of Australia from Port
Phillip to Port Jackson ; B, cingcUeTisis at Ceylon. JSpigonichthys

cuZtellus (Fig, 1) inhabits Torres Strait, and has also been
found at Ternate. Asymmetron lucayanwn is the Bahamau
representative of the family, with a sub-species, A. caudatum, in
the South Pacific from Hew Guinea to the Loyalty Islands. The
Peruvian species, Branchiostoma elongatum^ with nearly 80 myo-
tomes, cannot at present be assigned to its proper sub-genus.

External Bonn.—The following description, unless otherwise
stated, refers to A. laoiceolatus, which has been already figured in
side view, in section, and in dissection in the article Vertebrata
{Ency. Brit vol. xxiv.). Amphioxus is a small fish-like creature
attaining a maximum length of about 3 inches, semi-transparent
in appearance, showing iridescent play of colour. The body is

narrow, laterally compressed and pointed at both ends. The
main musculature can be seen through the thin skin to he divided
into about sixty pairs of muscle-segments (myotomes) by means of
comma-shaped dissepiments, the myocommas, which stretch be-
tween the skin and the central skeletal axis of the body. These
myotomes enable it to swim rapidly with characteristic serpentine
undulations of the body, the movements being effected by the
alternate contraction and relaxation of the longitudinal muscles on
both sides. Apparently correlated with this peculiar locomotion
is the anatomical fact of the alternation of the myotomes on the
two sides. Symmetrical at their first appearance in the embryo,
the somites (from which the myotomes are derived) early undergo
a certain distortion, the effect of which is to carry the somites of
the left side forwards through the length of one half-segment.
For exampl^ the twenty - seventh myotome of the left side is

placed opposite to the twenty-sixth myocomma of the right side.

The hack of the body is occupied by a crest, called the dorsal fin,
consisting of a hollow ridge, the cavity of which is divided into
about 250 compartments or fin-chambers, into each of which, with
the exception of those near the anterior and posterior ends of the
body, projects a stout pillar composed of characteristic laminar
tissue, the fin-ray. The dorsal crest is continued round both
extremities, becoming expanded to form the rostraZ jin in front
and the candoZ fin behind. Even in external view, careful inspec-
tion will show that the body is divisible into four regions, namely,
cephalic, atrial, abdominal, and caudal. The cephalic region in-

cludes the rostrum or prseoral lobe and the mouth. As already
stated, the notochord extends beyond the mouth to the tip of the
rostrum. The mouth consists of two portions, an outer ^estiBvU
and an inner apcrtnra oris ; the latter is surrounded by a sphincter
muscle, which forms the so-called velnm. The vestibule ofthe mouth
is the space bounded by the oral hood;
this arises by secondary down-growth
of lip-like folds over the true oral

aperture, and is provided with a fringe

of terUaawlar cirri, each of which is

supported by a solid skeletal axis.

The oral hood with its cirri has a
special nerve-supply and musculature
by which the cirri can be either

spread out, or bent inwards so that
those of one side may intcrdigitate

with those of the other, thus com-
pletely closing the entrance to the
mouth. The velum is also provided
with a circlet of twelve tentacles (in

some species sixteen) which hang
backwards into the pharynx; these

are the velar tentacles. The atrial

region extends from the mouth over
about two-thirds of the length of the
body, terminating at a large median
ventral aperture, the atriopore; this

is the excurrent orifice for the re-

spiratory current of water and also

serves for the evacuation ofthe genera-
tive products. This region is really

the branchiogenital region, although
the fact is not apparent in external

view. The ventral side of the body Pia. lancedcatts

in the atrial region is broad and con- JAfter

vex, so that the body presents the
appearance of a spherical triangle in

transverse section, the apex being
formed by the dorsal fin and the
angles bordered by two hollow- folds,

the metapleural folds, each of which
contains a conrinnous longitudinal

lymph-space, the metaplmral canal.

In the genus Brarixhiostoma the
metapleural folds terminate symmetrically shortly behind the

atriopore, but in BCeteropleuron the right metapleur passes unmter-
ruptedly into the median crest of the ventroZfin (Fig. 1). In this

connexion it may also be mentioned that in all cases the xi^t half

of the oral hood is directly continuous with the rostral fin (JPig. 2).

S. I — 49

Batkke, slightly altered.)

mouth appearing as an elon-

gated slit when relaxed (as in

the lamprey); y, perforated
pharynx ; e, endostyle ; g,

gonads; I, liver; crt, level of
atriopore ; i, intestine ; an,

anus. In this species the

atrium is produced as an asjrm-

metrical blind pouch behind,

the atriopore as far as thean us.
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The ahdoiiiincd region comprises a short stretch of body between

atiiopore and anus, the termination of the alimentary canal.

It IS characterized by the presence of a special development

of the lojgJiiodcriii or median fin-system, namely, the vetitroJi fiihf

which is composed of two portions, a lower keel-like poition,

which undeilies an upper chambered portion, each chamber con-

taining typically a pair of gelatinous fin - rays. Finally, the

ccbudcd region comprises the post-anal division of the trunk. The

keel of the ventral fin is continued past the anus into the expanded

caudal fin, and so it happens that the anal opening is displaced

from the middle line to the left side of the fin. InA symmetron the

caudal region is remarkable for the curious elongation of the noto-

chord, winch is pioduced far beyond the last of the myotomes.

Alimentaryf
lies’pvrcdory^ and JExcretory Systems.—Although the

function of the two latter systems of organs is the purification of

the blood, they are not usually considered together, and it is

therefore the more remarkable that their close association in

Amphioxus rendeis it necessary to treat them in common. The
alimentary canal is a perfectly straight tube lined throughout by

ciliated epithelium. As food particles pass in through the mouth
they become enveloped in a slimy substance^ (secreted by the

endostyle) and conveyed down the gut by the action of the vibratile

cilia as a continuous food-rope, the peristaltic movements of the

gut-wall being very feeble. The first part of the alimentary canal

consists of the pharynx or branchial sac, the side walls of which

are perforated by upwards of sixty pairs of elongated slits, the

gill-clefts. Each primary gill-cleft becomes divided into two by a

tongue-har which grows down secondarily from the upper wall of

the cleft and fuses with the ventral wall. New clefts continue to

form at the posterior end of the pharynx during the adult life of

the animal. The gill-clefts open directly from the cavity of the

pharynx into that of the atrivm and so give egress to the respira-

tory current which enters the mouth with the food (Fig. 2). The
atrium or atrial chamber is a peripharyngeal cavity of secondary

origin effecting the enclosure of the gill-clefts, which in the larva

opened directly to the exterior. The atrium is thus analogous to

the opercular cavity of fishes and tadpoles, and, as stated above,

remains in communication with the exterior by means of the

atriopore. The primary and secondary bars which separate and
divide the successive gill-clefts from one another are traversed by
blood-vessels which run from a simple tubular contractile ventral

branchial vessel along the bars into a dorsal aorta. The ventral

branchial vessel lies below the hypdbrcmchial groove or endostyle,

and IS the representative of a heart. As water for respiration

streams through the clefts, gaseous interchange takes place

between the circulating colourless blood and the percolating

water. The pharynx projects freely into the atrium
;

it is sur-

rounded at the sides and below by the continuous atrial cavity,

but dorsally it is held in position in two ways. Firstly, its dorsal

wall (which is grooved to form the Kyperpharyngeal groove) is

closely adherent to the sheath of the notochord
;
and secondly, the

pharynx is attached through the intermediation of the primary
bars. These are suspended to the muscular body-wall by a double
membrane, called the Ugamentvm dentiealcUum, which forms
at once the roof of the atrial chamber and the floor of a per-

sistent portion of the original hody-cavity or coelom (the dorsal

coelomic canal on each side of the pharynx). The Ugamentmi den-

ticulatnm is thus lined on one side by the epihlastic atrial

epithelium, and on the other by mesoblastic coelomdc epithelium.

Now this ligament is inserted into the primary bars some
distance below the upper limits of the gill-clefts, and it there-

fore follows that, corresponding with each tongue-har, the
atrial cavity is produced upwards beyond the insertion of the
ligament into a series of bags or pockets, which may be called the
atrwl pouches. At the top of each of these pouches there is a
minute orifice, the aperture of a small tubule lying above each
pouch in the dorsal coelom. These tubules are the excretory
tubules or nephridia. They communicate with the coelom by
several openings or nephrostomes, and \vith the atrium by a single
opening in each ease, the nephridiopore. It is important to em-
phasize the fact that in Amphioxus the excretory tubules are co-

extensive with the gill-clefts. The perforated pharynx terminates
some distance in front of the atriopore. At the level of its posterior

end a pair of funnel-shaped pouches of the atrium are produced
forwards into the dorsal coelom. These are the atrio - coelomic

funmls or hr&wn funnels, so called on account of the characteristic

pigmentation of their walls. There are reasons for supposing
that these funnels are vestiges of an ancient excretory system,
which has given way by substitution to the excretory tubules
described above. In the same region of the body, namely, close

behind the pharynx, a large diverticulum is given off from the
ventral side of the gut. This is the hepatic a^um (Fig. 2, 1), which
is quite median at its first origin, but, as it grows in length,
comes to lie against the right wall of the pharynx. Although
within the atrial cavity, it is separated from the latter by a
narrow coelomic space, bounded towards the atrium by eoelomic and
atrial epithelium. No food passes into the hepatic csecum, which

has been definitely shown on embryological and physiological
gi'ounds to be the simplest persistent form of the vertebrate liver.

Nervous System.—As has been already indicated, a solid sub-
cylmdiical elastic rod, the notochord, surrounded by a sheath of

laminar connective tissue, the chordal sheath, lies above the ali-

mentary canal in contact with its dorsal wall, and extends beyond
it both in front and behind to the obtusely pointed extremities of
the body. This notochord represents the persistent primordial
skeletal axis which, in the higher Craniota (though not so in the
lower), gives way by substitution to the segmented vertebral column.
Immediately above the notochord there lies another subcylindrical

chord, also surrounded by a sheath of connective tissue. This
chord is neither elastic nor solid, but consists of nerve tissue,

fibres, and ganglion cells, surrounding a small central canal. For
the sake of uniformity in nomenclature this nerve choid may be
called the neurochoid. It is the central nervous system, and con-
tains within itself the elements of the brain and spinal marrow of
higher forms. The neurochord tapers towards its posterior end,
where it is coextensive with the notochord, but ends abruptly in
front, some distance behind the tip of the snout. The neurochord
attains its greatest thickness not at its anterior end but some way
behind this region

;
but the cential canal dilates at the anterior

extremity to form a thin-walled cerebral vesicle, in the front wall of
which there is an aggregation of dark pigment cells constituting

an eye-spot, visible through the transparent skin (Fig. 1). There
are two pairs of specialized cerebral nerves innervating the praeoral

lobe, and provided with peripheral ganglia placed near the
termination of the smaller branches. Corresponding with each
pair of myotomes, and subject to the same alternation, two paiis

of spinal nerves arise from the neurochord, namely, a right and
left pair of compact dorsal sensory roots without ganglionic
enlargement, and a right and left pair of ventral motor roots

composed of loose fibres issuing separately from the neurochord
and passing directly to their termination on the muscle-plates of

the myotomes. The first dorsal spinal nerve coincides in position

with the myocomma which separates the first myotome from the
second on each side, and thereafter the successive dorsal roots pass

through the substance of the myocommata on their way to the
skin

;
they are therefore septal or intersegmental in position. The

ventral roots, on the contrary, are myal or segmental in position.

In addition to the cerebral eye-

spot there are large number§ of

minute black pigmented bodies

beside and below the central

canal of the neurochord, com-
mencing from the level of the

third myotome. It has been
determined that these bodies

are of the nature of eyes

(Becheraugen, Hesse), each
consisting of two cells, a cup-
shaped cell and a tri-

angular retinal cell. These
may be called the spinal eyes,

and it is said that they are

disposed in such a way as to

receive illumination prefer-

entially from the right side,

although this fact has no re-

lation with the side upon
which Amphioxus may lie

upon the sand. When kept in

captivity the animal often lies

upon one side on the surface

of the sand, but on either side

indifferently. Over the cere-

bral eye there is a small orifice

placed to the left of the base

of the cephalic fin, leading into

a pit which extends from the
surface of the body to the sur-

face of the cerebral vesicle

;

this is known as Kolliker’s

olfactory pit.

Reproductive System. pjQ, 3.—Diagram of embryo of Amphl-
sexes are separate, and. the oms seen from above in optical section,

male or female gonads, which (Adapted fiom Hatschek.) pc, prse-

are exactly similar in outward <Jbordal head -cavity of embryo;^,
ixj,

collar-cavity (first somite); fay, meso-
appearance, occur as a series dermic somites (myocoelomic or arcb-

of gonadic pouches projecting enteric pouches) ; ch, notochord with

into the atrial cavity at the TOLC-aral tube (neurochord) lymg
o\ it; np, anterior neuropore; ne,

base of the myotomes (j ig. 2). position of posterior neurenteno canai.

At the breeding season the
walls of the pouches burst and the sexual elements pass into the

atrium, whence they are discharged through the atriopore into the

water, where fertilization takes place.

Development.—The development of Amphioxus possesses many
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features of interest, and cannot fail to retain its impoitauce as

an introduction to the study of embryology. The four principal

f)hases in the development are
: (1) Blastula, (2) Gastrula, (3)

Flagellate Embryo, (4) Larva. The segmentation or cleavage of
the ovum 'which follo'W's upon fertilization terminates in the
achievement of the hlastula ioim, a minute sphere of cells sur-

rounding a central cavity. Then follows the phenomenon of

gastrulation, by which one-half of the blastula is invaginated into
the other, so as to obliterate the segmentation cavity. The embryo
now consists of two layeis of cells, epiblast and hypoblast, sunound-
ing a cavity, the archentermi, which opens to the exterior by the
orific6 of invagination or blastopore. One important fact should be
noted with regard to the gastrula, in which it seems to differ from
the gastruljB of invertehrata. Alter invagination is completed, the
embryo begins to elongate, the blastopore becomes narrower, and the
dorsal wall of the gastrula loses its convexity and becomes flattened
to form the dorsal plate, the outer layer ofwhich is the primotdium
of the neurochord, and the inner layer the piimordium of
the notochord. While still within the egg -membrane the epi-

hlastic cells become flagellated, and the gastrula rotates within
the membrane. About the eighth hour after commencement of
development the membrane ruptures and the oval embryo escapes,

swimming by means of its flagella at the surface of the sea for

another twenty-four hours, during which the principal organs are

laid down, although the mouth does not open until the close

Fig. 4.—Anterior region of two pelagic lar\ 0e of A. lanceolatus obtained by the
tow-net in 8-10 fathoms, showing the asymmetry of the large lateral sinistial

mouth with its ciliated margin cm and the dextral senes of simple pninary
gill-slits (lps-14ps). The larvae swim normally like the adult or suspend
themselves by their flagella (not shown in the figures) vertically in mid-
watei. There is nothing in their mode of life which will afford an explana-

bon of the asymmetry which is a developmental phenomenon. Lettering

cfupper jigure.—anp, anterior neural pore ; be, rudiment of buccal skeleton

;

c, cilia ;
cb, ciliated band ; cc, ciliated groove ; cm, cilia at margin of mouth

;

gl, external opening of club-shaped gland ; Sn, Hatschek’s nephridium ; Im,

leftmetapleur ;
n, notochord; pp, praeoral pit; ps, pninary gill-slits, 1, 5,

and 13 ;
rm, right metapleur showing through. Lettering oflower figme.

—

a, atrium ; al, alimentary canal ; bv, blood-vessel ; cv, cerebral vesicle ; df,

dorsal section of myocml (=fin-spaces); e, “eyespot”; end, endostyle;
gl, club-shaped gland

;
Zm, edge of left metapleur ; m, lower edge of mouth

;

n, notochord ; nt, pigmented nerve tube
; ps, primary gill-slits, 1, 9, and 14

;

re, renal cells on atnal floor ; rm, edge of right metapleur
;
so, sense organ

opening into prseoral pit; ss, -thickenings, the rudiments of the row of
secondary gill slits,

of this period. The primordium of the neurochord (neural or

medullary plate) refened to above becomes closed in from the
surface by the overgrowth of surrounding epiblast, and its edges

also bend up, meet, and finally fuse to form a tube, the medullary
or neural tube. An important fact to note is that the blastopore

is included in this overgrowth of epiblast, so that the neural tube
remains for some time in open communication with the archenteron

by means of a posterior neurenteric canal. It is still longer before

the neural tube completes its closure in front, exhibiting a small
orifice at the surface, the anterior neuropore. It is thus possible

that the neurenteric canal is due to the^ conjunction of a posterior

neuropore with the blastopore, i.e,, it is a complex and not a

simple structure. Paired archenteric pouches meanwhile appear at
the sides of the axial notochordal tiact, the mesoblastic so^mtes.

The first of these differs in several respects from those which
succeed, and has been called the collar cavity (MacBiide). In
front of the latter there remains a portion of the archenteron,

which becomes constricted off as the head cavity. This becomes
divided into two, the right half forming the cavity of the rostrum,

while the left acquires an opening to the exterior, and forms the
prceoral pit of the larva, which subsequently gives rise to special

ciliated tracts in the vestibule of the mouth mentioned above.

The larval period commences at about the thirty-sixth hour with the
perforation of the mouth, first gill-cleft, and anus. The larva is

curiously asymmetrical, as many as fourteen gill-clefts appearing
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in an unpaired series on the liglit side, while the mouth is a

Urge orifice on the left side, the anus being median. The
adult loim is achieved by metamorphosis, which cannot be
fuither described here. One point must not be omitted, namely,

the homogeny of the endostyle of A. and the thyroid gland ot

Cianiota.
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Ampthili, Odo William Leopoid
Russell^ 1st B-abon (1829-1884), British diplomatist

and ambassador, was born in Florence on the 20th of

February 1829. He was tbe son of Major-General Lord
George William Russell, by Elizabeth Ann, niece of the

marquess of Hastings, who was governor-general during

the final struggle with the [Mahrattas. His education,

like that of his two brothers— Hastings, who became
eventually ninth duke of Bedford, and Arthur, who sat

for a generation in the House of Commons as member
for Tavistock—^was carried on entirely at home, under the

general direction of his mother, whose beauty was celebrated

by Byron in JBeppo. Lady William Russell was as strong-

willed as she was beautiful, and certainly deserved to be

described as she was by Disraeli, who said in conversation,

think she is the most fortunate woman in England, for

she has the three nicest sons.” If it had not been for her

strong will it is as likely as not that all the three would
have gone through the usual mill of a public school, and
have lost half their veiy peculiar charm. In March 1849
Odo was appointed by Lord Malmesbury attache at

Vienna. From 1850 to 1852 he was temporarily employed
in the Foreign Office, whence he passed to Paris. He
remained there, however, only about two months, when he
was transferred to Vienna. In 1853 he became second paid

attache at Paris, and in August 1854 he was transferred

as first paid at-fcache to Constantinople, where he served

under Lord Stratford de Redclifie. He had charge of the

embassy during his chiefs two visits to the Crimea in

1855, but left the east to work under Lord Napier at

Washington in 1857. In the following year he became
secretary of legation at Florence, but was detached from
that place to reside in Rome, where he remained for twelve

years, till August 1870, During all that period he was
the real though unofficial representative of England at the

Vatican, and his consummate tact enabled him to do
all, and more than all, that an ordinary man could have
done in a stronger position, A reference, however, to his

evidence before a committee of the House of Commons
in 1871 will make it clear to any unprejudiced reader that
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those were right who, during the early 'fifties, urged so

strongly the importance of having a duly accredited agent

at the Papal Court. The line taken by him during the

Vatican Council has been criticized, but no fault can justly

be found with it. Abreast as he was of the best thought

of his time—the brother of Arthur Eussell, who, more
perhaps than any other man, was its most ideal representa*

tive in London society—he sympathized strongly with the

views of those who laboured to prevent the extreme

partisans of papal infallibility from having everything

their own way. But in his capacity of clear-headed

observer, whose business it was to reflect the actual truth

upon the mind of his Government, he was obliged to make
it quite clear that they had no chance whatever, and in

conversing with those whose opinions were quite unlike his

own, such as Cardinal Manning, he seems to have showm
that he had no illusions about the result of the long

debate. In 1868 Odo Kussell married Lady Emily
Theresa Yilliers, the daughter of Lord Claiendon. In
1870 he was appointed assistant under-secretary at the

Foreign Office, and in November of that year was sent on
a special mission to the headquarters of the German army,

where he remained till 1871. A little later in the same
year he received the weU-deserved reward of his labours by
being made ambassador at Berlin.

During the months he passed at the Foreign Office he
was examined before the committee of the House of

Commons, already alluded to, and had an opportunity of

stating very distinctly in public some of his views with
regard to his profession. It was before the same com-
mittee that he said that “if you could only organize

diplomacy properly, you would create a body of men who
might influence the destinies of mankind and ensure the
peace of the world.” In these words we have the key to

the thought and habitual action of one of the best and
wisest public servants of the time. If more people could
be converted to his views, the diplomatic service suffi-

ciently increased, the means of getting adequate informa-
tion from abroad improved, and that information pro

2
)erly

digested, the cost of some regiments and not a few iron-

clads might be saved.

Lord Ampthill remained at Berlin, with only brief inter-

vals of absence, from 16th October 1871 till his death at

Potsdam on the 25th August 1884. He was third plenipo-
tentiary at the Berlin Congress, and is generally credited

with having prevented, by his tact and good sense, the
British prime minister from making a speech in French,
which he knew very imperfectly and pronounced abomin-
ably. In 1874 Odo Kussell received a patent of precedence
raising him to the rank of a duke's son, and after the Con-
gress of Berlin he was offered a peerage by the Conservative
Government. This he naturally declined, but accepted the
honour when it was offered by the Liberals. He became
a privy councillor in 1872 and was made a G.C.B. some-
what later. At the conference about the Greek frontier,

which followed the Congress of Berlin, he was the only
British representative. During aU his long sojourn in. the
Prussian capital, he did everything that in hiTn lay to
bring about close and friendly relations between Great
Britain and Germany, He kept on the best of terms with.

Bismarck, carefully avoiding everything that could give any
cause of offence to that most jealous and most unscrupu-
lous minister, whom he, however, did not hesitate to "with-

stand when his unscrupulousness went the length of deli-

berately attempting to deceive. What might have happened
if Lord AmpthiU's life had been prolonged, and the
Emperor Frederick had come to the throne at about the
period of life at which it would have been natural for him
to do so, in the first half of the 'seventies, it is impossible
to say. The death in 1888 of the Emperor Frederick

-was, as has been truly said, “ Not the death of a man but
of a generation.” (m. g. d.)

AmrstOtiy or Umrawattee, a town and district of
India, in Berar or the Haidarabad Assigned Districts,

under British administration. The town is 1222 feet
above the sea

;
the railway station is six miles from Bad

nera junction on the Great Indian Peninsula line. Po])u
lation (1881), 23,550

; (1891), 28,946, excluding 4709
in the civil station. Amraoti raw cotton is quoted on the
Liverpool Exchange. There are 11 cotton presses with an
out-turn of 70,000 bales; and a mill at Badnera, with
248 looms and 18,900 sjfindles, employing 1186 hands,
which, in 1897-98, produced 5796 bales of twist and yarn,
and 2442 bales of cloth. There are two high schools,

with 354 pupils; and a school for European boys and
gkls, maintained by a Konian Catholic mission. The
town has four printing-presses, one issuing a vernaculai
newspa^ier.

The district of Amraoti has an area of 2759 square miles;
population (1881), 575,328; (1891), 655,645; (1901),
630,245, showing a decrease of 4 per cent. The land
revenue and rates in 1897-98 were K&.17,01,357, the-

incidence of assessment being K.l:l:4 per acre; the
cultivated area was 1,414,361 acres, of which 8745 are

irrigated from wells; the number of police was 623

;

the
number of boys at school in 1896-97 was 14,065, being
27*5 per cent, of the male population of school-going age ;

the registered death-rate in 1897 was 60*5 per thousand.
The district is crossed by the main line of the Great
Indian Peninsula railway. In 1899-1900 it suffered

severely from drought.

Alinra.va.ti| a village of British India, in theKistna
district of the Madras Presidency, It is situated in
16“ 34' N. lat. and 80“ 24' E. long., on the right bank of the
river Kistna, near the head of its delta. Here are, or

rather were, the ruins of the finest Buddhist monument
in India. It was a stupa, or “tope,” built to enshrine
a relic of Gautama Buddha. It is enthusiastically de-

scribed by Hwen Thsang, the Chinese pilgrim, who visited

it in 639. In the beginning of the 19th century ela

borate excavations and drawings were made by Colin
Mackenzie. The sculptures subsequently carried oft" by
Sir Walter Elliot now line the great staircase of the

British Museum, and are figured in Fergusson's Tree and
Serpent Worship (1868). Further researches were con-

ducted on behalf of the Government in 1877 and 1882,
and the best of the remaining sculptures were taken to

Madras. A handsome memoir by Dr James Burgess was
published in 1887, as one of the volumes of the Archaeo-

logical Survey of^Southern India.

AmritSSir (Umbitsto), a city and district of British

India, in the Lahore division of the Punjab. It has a
station on the North-western railway 32 miles east of

Lahore. Population (1881), 151,896
; (1891), 136,766;.

(1901), 162,548, showing an increase of 19 per cent.

Municipal income (1897-98), Ks,4,42,372; death-rate.

(1897), 36 per thousand. A Sikh college for university

education was opened in 1897. The other public build-

ings include two churches, a town hall, and a hospital.

There are also a municipal college; 5 high schools for-

boys; 3 secondary schools for girls; 17 printing presses,

issuing 10 newspapers and periodicals ; Hindu, Sikh, and
Mahommedan literary institutions.

The area of the district of Ambitsar is 1601 square miles

population (1881), 893,266; (1891), 992,697, sho-wing an
increase of 11 per cent., and an average density of 620
persons per square mile; (1901), 1,023,902, sho-wing

an increase of 3 per cent.
‘ The land revenue and rates

in 1897-98 amounted to Ks.12,44,644, the incidence
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of assessment being E.l : 5 : 0 per acre

;
the cultivated aiea i

was 772,724 acres, of which 543,068 were irrigated, includ-

ing 247,465 from government canals; the number of police

was 852; the number of schools in 1896-97 was 395,
attended by 15,376 boys, being 17*4 per cent, of the boys
of school-going age; the death-rate in 1897 was 28 per

thousand. The principal crops are wheat, pulse, maize,

millet, with some cotton and sugar-cane. There are two
factories for ginning and pressing cotton.

Amroha., a town of British India, in the Morada-
bad district of the North-west Provinces, is situated in
28° 54' N. lat. and 78“ 31' E. long. It contains the tomb
of Shaikh Saddu, and has been for many centuries a
Mahommedan centre. It has a high school. In 1897-98
the municipal income was Ks.2r>,687. Population (1891),

35,230

AlTIStOrd£ini| the capital and one of the two chief

•commercial centres of the Netherlands, in the province of

North Holland, on the Y inlet of the Zuyder Zee
;
con-

nected by the Ymuiden Canal with the North Sea. The
money market is of importance, and is the headquarters

of companies formed to promote the cultivation of colonial

produce. A central station has been erected (1888), a
new theatre (1894), a new post office (1898), a music hall,

a new exchange (1901), and an abattoir. To scientific

and artistic institutions have been added a school of

navigation (1879), a school of engineering (1879), a school

for teachers (1878), a school of industrial art; the

^‘Quellinus” (1880), a university (1877), which took the

place of the Athenaeum, a free university (1883), the State

Museum (Eyksmuseum, 1 876-85), in which are collected,

from various other museums, pictures, drawings, prints,

sculpture, and casts, and the Museum Suesso Lopez, for

modern paintings (1895). The progress of navigation

and commerce has been promoted by the construction of

a canal to the North Sea (1876), with a depth of 30 to 33
feet; the Commercial or Handels dock; the railway, wood,

and petroleum (1880-90) docks; the Merwede Canal,

connecting the town with the great rivers (1893), and the

new Entrepot dock (1900), The tonnage of ships enter-

ing and clearing the port in 1870 was 808,042 tons

(metric), which in 1899 had risen to 4,310,000 tons (16*6

per cent, of that of the whole kingdom). In 1899, 9988
ships of 15,680,000 tons passed through the North Sea

Canal. In 1899, 2029 vessels entered with the following

imports:—163 ship loads of timber, 142 of ore, 177 of

coal and coke, 312 of piece goods, 34 of rice and other

grain, 25 of petroleum, 4 of linseed, and the remaining

1172 of ballast and miscellaneous goods. Of late years

Sumatra tobacco has ranked first among the exports of

colonial produce; but tea, cocoa, and Peruvian bark

(cinchona) are also important. The supply of tea for

the Amsterdam market, which in 1888 amounted to

5.002.000 tb, had risen in 1897 to 10,738,225 fb; the

supply of cinchona in 1889, 171,207 Ib, had risen in 1897
to 580,722 ft). The value of Sumatra tobacco imported

in 1865 was £3333; in 1896, £2,687,500. Since 1874

railways have been constructed connecting Amsterdam
with Belgium (vid Utrecht, Bois-le-Duc, and Maestricht)

and with Prussia (vid Hilversum and Zutphen). Regular

steamers maintain communication with sixty-one places in

the Netherlands. The tonnage of this inland naviga-

tion, carried in 80,000 vessels, amounted in 1899 to

4.310.000 cubic metres (the register ton is equal to 2*83

cubic metres). To the industries have been added of late

years shipbuilding and the manufacture of machinery and

stearine candles. The population in 1874 was 285,000;

in 1890, 408,061 ;
in 1900, increased by that of Neuwer

Amstel (annexed in 1896; population, 25,000), 523,557,
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about 100,000 of whom are Roman Catholics and about50,000

Jews.

See Teu Gouw. Amsteloclcwiiana. Amsterdam, 1873-74.

—

Seqxteira. Amsterdam, Guide dcscnptiic, historique et topogra-

ph iquc. Amsterdam, 1877.—Tee Gouw. Geschtcdenis van A

m

-

stndam, Amsterdam, 1886.—Kalff. O'ltd en Kievbw Amsterdam.
Amsterdam, 1880. (c. M. K.)

Amstercia.m 9
a city of Montgomery county, New

York, U.S.A., situated in 42° 57' N. lat. and 74° 11'

W. long., on the north bank of Mohawk river, at an
altitude of 277 feet. Its site is hilly and the plan is

irregular. It is divided into seven wards. Two railways

enter it, the New York Central and Hudson River, and
the West Shore. It has an excellent water supply and
good [drainage. The population in 1880 was 9466, in

1890 it was 17,336, and in 1900 it was 20,929.

AlTIU‘-*da.ria, a great river of Central Asia, tributary

of Lake Aral (see Oxus), and also the name of a separate

administrative division (Amu-dariinskiy Otdyel) of the

Syr-daria province of Russian Turkestan. (See Ttokestan,
Syr-baria, and Aral-Caspian Region.)

Am 111*1 an extensive province of Siberia, Russia

in Asia, on the left bank of the Amur river, which was
conceded to Russia by China by the treaties of 1857 and
1858. It includes the basins of the Oldoi, Zeya, and Bureya,

left bank tributaries of the Amur, and has the provinces

of Transbaikalia in the W., Yakutsk in the N., Maritime in

the E., and Manchuria in the S.W. and S. Area, 172,848
sq. miles. Immense districts are quite uninhabited. All

its north-western part is occupied by the High plateau,

bordered by the Great Khingan border range, whose exact

position in the region is not yet definitely settled. Next
conies a belt of fertile high plains, inhabited mainly by
Nonconformist emigrants from Russia, and limited on the

east by the Little Khingan, or Dousse-alin, a picturesque

well-wooded range, which stretches in a north-easterly

direction from iSrin across Manchuria, is pierced by the

Amur, and continues on its left bank, separating the

Bureya frojn Aingun. To the east of it stretches in the

same ^lirection a belt of marshy lowlands, which includes

also farther south the lower course of the Sungari. Pre-

quent inundations, resulting from torrential rains occa-

sioned by the monsoons, present great difficulties to the

development of the belt. In the ranges which rise above

the surface of the high plateau in the north-west, in the

vicinity of the Stanovoi watershed, gold-mines of great

richness are worked. Gold was also found in the fabulously

rich mines of the Zheltuga (Manchuiia) where a sort of

free republic of Russian and Chinese miners was formed

in 1880-82. Coal of inferior quality is known to exist

on the Oldoi, Zeya, and Bureya. The Russians are repre-

sented by the Amur Cossacks, whose viQages are situ-

ated at about 17 to 20 miles from each other along the

whole course of the river (Aibazin, Kumara, Ekaterino-

Nikolskaya, and Mikhailo-Semenovskaya are the chief

ones); by peasant immigrants, chiefly Nonconformists,

who are the wealthiest part of the population
; and by

a floating population of workers in the mines. Some
Chinese have remained in the province, and consider

themselves under Chinese rule
;

Tungus (Orochons),

Manegres, and Golds lead a nomadic life along the rivers,

living by hunting and fishing. Steamers ply regularly

along the Amur for 6J months, from lOiabarovsfc to

Sryetensk, on the Shilka (terminus of the Trans-Siberian

Railway)
;
but only light steamers having from 2 to

3 feet draught can navigate the upper Amur and

Shilka. In the winter the frozen river is the usual high-

way. Rough roads and bridle-paths only are found in the

interior. The great engineering difficulties in building a
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railway along tlie Amur induced tlie E-ufosian Government

to obtain from China permission to build a lailway

through Manchuria. For the navigation on the Amur
there are now 112 steamers of 29,300 horse-pow’er, and 152

barges of 37,000 tons. The Amur province has a con-

tinental climate, the yearly average at Blagovyeschensk

(50“ K lat.) being 30' Fahr, (January -17°, July 70").

It experiences the inhuence of the monsoons, and has

mostly cold north-west winds from October to March,

while in July and August it receives torrential rains,

resulting in a sudden and very considerable rise of water

in the Amur and all its r.b. tributaries. The chief and

in fact the only town of the province is Blagovyeschensk,

but the chief centre of the administration of the

Amur region is now Khabarovsk. The settled poxm-

lation in 1897 was 118,570 (51,975 women), of whom
31,515 lived in towns. (p. a. k.)

Anaconda, a city of Montana, U.S.A., the capital

of Deer Lodge county, situated in the mountains on

the west side of Deer Lodge Valley, in the south-western

part of the state. It is entered by the Montana Central,

a branch of the Great Northern, and the Butte, Anaconda

and Pacific railways. Its chief industry is the smelting

of copper ores, obtained from mines in the neighbour-

hood. The x>opulation in 1890 was 3975, and in 1900

it was 9453.

Anam, or Annam. See Cochin China.

Anamalai Hills, a range of mountains in

Southern India, in the Coimbatore district of Madras,

lying between 10" 13' and 10" 31' N. lat., and between
76" 52' and 77" 23' E. long., forming a portion of the

Western Ghats, after this range has been broken by the

Palghat Pass, south of the ISTilgiris. They really consist

of a forest-clad and grassy tableland, with summits rising

above 8000 feet. Their geological formation is meta-

morphic gneiss, veined with felspar and quartz, and inter-

spersed with reddish porphyrite. The lower slopes yield

valuable teak and other timber
;
and some land has been

taken up for coffee-planting. The only inhabitants are a
few wild tribes, who live by hunting and collecting jungle

produce.

AnSiniefF, a district town of Eussia, government
of Kherson, on Tiligul river, 118 miles N.W. of Odessa,

12 miles from Zherebkovo, a station of the South-Western
railway. It has trade in corn and cattle. It was annexed
to Eussia in 1792, Population (1897), 16,713—Eussians,

J ews, and Moldavians.

Ana.nta.piir, a town and district of India, in the
Madras presidency, situated in 14" 41' N. lat. and 77" 39'

E. long. It has a station on the Madras railway, 62
miles S.E. from BeUary. Population (1891), 6994. The
municipal income in 1897-98 was Bs.20,410. There is a
municipal high school.

The district of Anantaptjk was constituted in 1882
out of the unwieldy district of Bellary. It has an
area of 5725 square miles, and its population in 1891
was 708,549, being 134 persons per square mile

;
in 1901,

788,896, showing an increase of 8 per cent. The land
revenue and rates were Es.9,63,538, the incidence of assess-

ment being E.0 : 12 ; 5 per acre
; the number of police was

702. In 1897-98, out of a total cultivated area of 1,428,404
acres, 169,655 were irrigated, including 34,723 from
government canals; the principal crops are millet, rice,

other food grains, pulse, oil-seeds, and cotton. There are
three steam factories for pressing cotton. Two railways
traverse the district. The number of schools in 1896-97
was 577) with 11,636 pupils; the proportion of boys at
school to the population of school-going age being 19 *5

ANARCHISM
per cent., and the jiroportion of girls 2 per cent. The
registered death-rate in 1897 was 26*9 X)er thousand.

Alia.rChiSin, a theory of politics, according to

which all forms of organized government, except the free

commune, are objectionable, since the individual should be
a law to himself

;
and a theory of economics, according to

which land and capital ought to be the common property
of society. There is also a propaganda of revolution

by violence. The principal writers who treat of the

theory of anarchy in its different aspects are Proudhon^
Elisee Eeclus, Herbert Spencer, Kropotkin, and Bakounine.

Ill America, Mr Benjamin E. Tucker has published since

1882 a journal named Libert which is devoted to philo-

sophical anarchism. In the congress of the International

Working People’s Association, at the Hague, Sejitember

1872, the followers of Bakounine separated themselves

from those of Karl Marx. This was the definitive begin-

ning of the anarchist propaganda. The Bakounine party

organized the “Federation Jurassienne,” and established

a paper at Geneva, UAvant Garde. This journal was, in

1878, succeeded by La B^volte, founded by Eeclus and
Kropotkin. Eevolntionary organizations of working men
were also formed in France, Spain, Italy, Switzerland,

Belgium, Germany, England, and the United States.

Between 1882 and 1886, in France, Prince Kropotkin,

Louise Michel, and others were imprisoned, and their

journal supi^ressed. In England, Most, one of the

German anarchist leaders, founded Die Freiheit, and,

for defending in it the assassination of Alexander II.

at St Petersburg, was sentenced to eighteen months’

imprisonment with hard labour. After this he moved to

the United States, and re-established his paper there in

New York, in May 1886. During this period there were
several anarchist congresses in the United States. In one

at Albany, in 1878, the revolutionary element, led by
Justus Schwab, broke away from the others

;
at Alle-

gheny City, in 1879, again there was a ruxoture between

the peaceful and the revolutionary sections. The Voice of

\ the People at St Louis, the Arbeiier Zeitv/ng at Chicago,

and the Anarchist at Boston, were the organs of the

revolutionary element. In 1883, at Pittsburg, a congress

of twenty-eight delegates, representing twenty-two towns,

drew u]) an address to the working men of America.

The programme it proposed was as follows :

—

Firsts Destruction of the existing class rule by all means, i.e.

energetic, relentless, revolutionary, and international action.

Second^ Establishment of a free society, based upon co-operative

organization of production.

Third, Free exchange of equivalent products by and between the

productive organizations, without commerce and profit-mongery

Fourth, Organization of education on a secular, scientific, and
equal basis for both sexes.

Fifth, Equal rights for all, without distinction of sex or race.

Sixth, Regulation of all public affairs by free contracts between

the autonomous (independent) communes and associations, resting

on a federalistic basis.

This, together with an appeal to the working men to

organize, was published in Chicago, November 1883, by a

local committee of four, representing French, Bohemian,

German, and English sections, the head of the last being

August Spies, who was hanged in 1887 for participation

in the Haymarket affair in Chicago, 4th May 1886 This

affair was the culmination of a series of encounters

between the Chicago working men and the police, which

had covered several years. The meeting of 4th May was
called by Spies and others to protest against the action of

the police, by whom several working men had been killed

in collisions growing out of the efforts to introduce the

eight hours’ day. The mayor of the city attended the

meeting, but, finding it peaceful, went home. The meet-

ing was subsequently entered by the police and commanded



ANATOMY 391

to disperse. A bomb was tbroY n, several policemen endangering the lives of innocent men and women

;

being killed and a number wounded. For this crime eight “There can be no innocent bourgeois.” In 1894 there

men were tried in one panel and condemned, seven— was an explosion in a Parisian cafe, and another in a
Spies, Parsons, Engel, Fischer, Fielden, Schwab, and theatre at Barcelona. For the latter outrage six men were
Ling—to death, and one—Neebe—to imprisonment for executed. President Carnot of the French Kepublic was
fifteen years. The sentences on Fielden and Schwab were assassinated by an Italian at Lyons in the same year,

commuted by Governor Oglesby to imprisonment for life, The Empress Elizabeth of Austria was assassinated in

on the recommendation of the presiding judge and the September 1898. These events led to the passage by
prosecuting attorney. Ling committed suicide in jail, and the United States Legislature of a law, in 1894, to

Spies, Parsons, Engel, and Fischer were hanged, 11th keep out foreign anarchists, and to deport any who
November 1887. On 26th June 1893 an unconditional might be found in the country, and also to the assem-
pardon was granted the survivors, Fielden, Schwab, and blage of an international conference in Borne, in 1898, to

Neebe, by Governor Altgeld. The reasons for the pardon agree upon some plan for dealing with these revolutionists,

were stated by the governor to be that, upon an examina- It was proposed that their offences should no longer be
tion of the records, he found that the jury had not been classed as political, but as common-law crimes, and be
drawn in the usual manner, but by a special bailiff, who made subject to extradition. The suppression of the revolu-

made his own selection, and had summoned a “ prejudiced tionary press and the international co-operation of the
jury ”

;
that the “ state had never discovered who it was police were also suggested. The results of the conference

that threw the bomb which killed the policemen, and the were not, however, published * and the question of how to

evidence does not show any connexion whatever between deal with the campaign against society fell for a while into

the defendants and the man who did throw it,” ... or abeyance. More recently the attempt made by the youth
that this man “ever heard or read a ivord coming from Sipido on the (then) Prince of Wales at Brussels in 1900
the defendants, and consequently fails to show that he recalled attention to the subject. The acquittal of Sipido,

acted on any advice given by them.” Judge Gary, the and the failure of the Belgian Government to see that

judge at the trial, published a defence of its procedure in justice was done in an affair of such international import-

the Century Magazine^ vol. xxiii. p. 803. ance, excited considerable feeling in England, and was the

There have been a number of outbreaks in recent years occasion of a strongly-worded note from the British to the

attributed to the propaganda of reform by revolution, like Belgian Government. The murder of King Humbert of

those in Spain and France in 1892, in which Bavaehol Italy in July 1900 renewed the outcry against Italian

was a prominent figure. In 1893, a bomb was exploded anarchists. But even greater horror and indignation

in the French Chamber of Deputies by Yaillant. The I w^ere excited by the assassination of President McKinley
spirit of these men is well illustrated by the reply which i by Czolgoscz on Cth September 1901, at Bufifeilo,

Vaillant made to the judge who reproached him for
|

U.S.A. (r. n. L,*)

ANATOMY.
Modeeit Aspects axd Methods. development the ranp_ of resemblan^ in

detail becomes more and more restricted, it has been

The acceptance of the doctrine of evolution has wrought supposed that the embryology of each individual is a

cardinal changes in the position of anatomy as a branch recapitulation of the stages of the ontology of its ancestral

of biology. So long as differing species of animals forms. This serves as an excellent working hypothesis for

were believed to be genetically independent, resemblances purposes of classification.

in structure could only be interpreted upon some trans- Anthropotomy, in Great Britain at least, has hitherto

cendental hypothesis, and no intelligible explanation could profited less than any other branch of anatomy by the

be given of the changes in form and arrangement which development of a philosophical morphology. The majority

take place in almost every part during the process of of those who study the subject are interested in it only so

embryonic development, or of such common phenomena as far as it is a handmaid to practical medicine and surgery,

those of variation. The doctrine of community of descent and its teaching is chiefiy conducted by those who regard

has made possible a philosophic theory of morphology, it from the professional standpoint, and by whom, naturally,

which unifies and renders intelligible the otherwise in- the morphological aspect is subordinated to the technical,

coherent facts of descriptive anatomy, and has opened up Attempts to remodel the nomenclature so as to

new fields of research. bring human and comparative anatomy into national

The bent of the new Comparative Anatomy has been line have not hitherto been encouraged by those aomencia-

mainly genealogical. Assuming that resemblances in authorities who exercise dominant influence in

structure are due to community of descent, its directing anatomical examinations. The spirit of the
pajk/o- progress has been stimulated by the endeavour age will doubtless in time prove too strong for this

^end^ncUs determine the phyla or genealogical trees of obscurantism. On the Continent an effort has been
*
allied forms on the basis of a comparison of made, especially by German teachers, to frame a uniform

the sum-total of resemblances in structure and organi- system of anatomical nomenclature. The names adopted

zation. For this purpose the elaboration of a complete by the Congress at Basel are largely those used by the

anatomical ontology is necessary. The field of research school of Gegenbaur, and are not in all respects satis-

in this direction has been widely cultivated by Professor factory. In England and France this nomenclature h^
Gegenbaur and his school. The method of embryology been adopted by a few teachers only, and is used in a very

is useful as a supplement and check to the teachings of few text-books. (For the best illustrated exposition of

ontology. Every animal begins existence as an egg, a the Basel nomenclature, see Spalteholz, Hand Atlas der

single cell, from which is derived by a gradual process of Anatomie^ Leipzig, 1896.)

growth and differentiation the complete organic structure The importance of the study of the human type as a

of the adult state. As the eggs of most metazoan animals ground-work for morphological investigation has been

are constructed on the same plan, and as with each sue- admitted by all who are competent to judge. The body of
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man lias been scxTitinized witli the greatest minuteness by

hundreds of workers, and knowledge of its details and of

its variations is far more extensive and more accurate than

that of the body of any other animal.

The methods of anatomical study are of two sorts

—

those whereby the structures are unravelled as far as it is

possible to discriminate them by the naked eye,
Methods.

whereby the finer texture of the

tissues is displayed and examined by the aid of the

microscope. The procedures for either microscopic or

macroscopic study are twofold—dissection and the cutting

of sections. The former is the art of separating the

component parts, and of rendering them available for study

by the removal of the connective tissues and fat which

envelop them, while by the latter the relative anatomy
of the parts can be best exhibited. Macroscopic sections

are made of the whole body or limb, by freezing and

cutting the sections with a fine saw, or by hardening the

parts by the injection of formalin, and cutting with a large

and sharp knife {Fig. 1), The topography of regions can

Fig, 1.—Section through, the thorax on the level of the nipple, showing
the position of the heart and lungs. (Merkel.)

be most satisfactorily made out by the examination and
comparison of successive sections made at short distances
from each other. Sections for microscopic examination are
most easily made of small parts of organs or whole organs
hardened and embedded in some supporting material, such
as paraffin wax or celloidin. These are cut into trans-
parent films by means of a section-cutter, various patterns
of which are in use. The best of these have an adjustment
by means of which the sections can be cut of any required
thickness, and the successive sections are preserved in the
order in which they are cut. (The works of Braune,
Riidinger, and Symington give excellent plates of macro-
scopic sections of the body.) In preparing parts for
dissection, it is of advantage that the tubular systems
should be filled with some injected material, such as paint,
wax, or starch. (Details of the modem methods in use are
given by Grdnroos, ATiat Ameig&r^ 1898.) Microscopic
sections are usually stained with certain soluble pigments,
such as carmine, logwood, or eosin, which have the property
of differentiating special tissues, such as protoplasm,
cartilage, muscle, <fec., colouring some and leaving others
unstained.

^

In modem anatomical technology, the number
of such stains in use is large. (These methods of prepara-
tion are described in the text-books of histology by Schafer,
Stirling, Bolles Lee, <fcc,)

In recent years, great progress has been made in the
knowledge of the details of human structure. Many
parts, such as the convolutions of the brain, the folds
of the intestine, &€., formerly supposed to be indefinitely
variable as if they were arranged at haphazard, have
been shown to be built up, even in their most minute

details, in a definite manner capable of formulated descrip-

tion; indeed, it is probable that no structure is so

completely variable that its different conditions are

incapable of reduction to law. (Of modern text-books,

those of Bardeleben and Gegenbaur in German, of Poirier

and Testut in French, are the best
;
English text-books,

such as Gray, Morris and Gerrish are excellent from the

descriptive side, but almost completely ignore mor-
j)hology. Quain’s work in its latest edition is of the
nature of a compromise between the morphological and
the descriptive.)

Ultimate Analysis of the Body.

The human body ultimately consists of form-eleTmnU
of three sorts—cells, intercellular substance, and fibres. In
its earliest form the whole organism was a
single cell, and the first processes of growth

® ^

consist in the multiplication of cells by division. A cell

Pig, 2.—The cell and its process of division. A, Cell showing the network
of spongioplasm ; c, centrosome; n, nucleus ; n', nucleolus. B, First stage
of division formation of chromatin -wreath- C, Monaster stage with spindle
and centrosomes at the poles. B, Chromatin star of this stage, seen from
above. B, Formation of diaster. F, The beginning of division and of the re-

construction of the nuclei, C, Stege of division nearly completed,

is not a homogeneous speck of protoplasm, but is a special-

ized structure exhibiting a comparatively complex organi-

zation (Fig. 2). The cMef mass of the cell substance con-

sists of a cytomitony or network of protoplasmic threads,

each of winch often contains granules of some substance

derived from the metabolism of protoplasm, the meshes of

which are filled with a more fluid material or enchylema.

The nucleus also is complex and enclosed by an apparently

structureless limiting membrane, within which is a net-

work of at least two kinds of material. One portion is

capable of being stained by carmine, and on that account

is called chromatin. The other part of the Icaryomiton or

nuclear net is incapable of being stained. Although
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apparently casual in its form of mesliwork, there is re-ason

to believe that there are definite architectural laws accord-

ing to which the chromatin filament is arranged, and some
of these peculiarities in arrangement become obvious when
a cell is about to divide (see Ency. Brit. vol. xx. pp. 416-

417). In that condition the nuclear membrane disappears,

and the chromatin filament forms a wreath through which
a spindle of achromatin passes, at each pole of which a
defilnite achromatic mass or centrosome accumulates,
surrounded by a series of rays of achromatin. The
equatorial chromatic wreath resolves itself into loops
arranged with their closed ends directed inwards towards
a central point and their free ends outwards. These loojis

undergo horizontal cleavage from looped to free end, and
the looped ends pass along the surface of the spindle

towards pole and antipole. When thus separated, the
ceU becomes mesiaUy constricted and ultimately divides.

Cells may be of very varied shapes and differ among
themselves in structure and function, as noted in subsequent
sections of this article

;
but they are, in the respects above

Fro. 3.—Connective tissue, showing cells, fibres, and ground-substance.
X 350. (Szymnowicz.) c, cell ; e, elastic fibril ; white fibril.

enumerated, built on a common plan. (For further parti-

culars on cell-structure, see the text-hooks of histology

above quoted, also the text-books of embryology of v.

Kdlliker, Minot, Kollmann, and Hertwig, and the several

numbers of Carnoy’s periodical La Cellule,)

The structureless material known as intercellular

ground-substance varies in quantity in different tissues of

the body, being sometimes only a slight cement

joining contiguous cells, sometimes a

sub^aace. copious substance in which cells are embedded.
' In all cases it has originated either by the

exudation of material from cells or by the transformation

of the periphery of a cell. Chemically, it is made up of

some protoplasm-derivate, which varies in its nature in

different tissues.

Fibres are not, strictly speaking, a single category

comparable with cells. A fibre is an elongated, *thread-

like form-element, but fibres of different kinds

have different morphological values. Some,

such as nerve fibres, are elongated processes of cells, made
of the same material as the cell-body, and often enclosed

in a tubular sheath of the nature of an investing layer of

intercellular material. Others, such as muscle fibres, are

elongated cell-bodies w-hose cytomiton is so arranged that
the contraction of the protoplasm of the cell can only act

in one direction, shortening the fibre along its long axis.

Fibres in connective tissue (Fig. 3) are for the most part

of a different kind, consisting of elongated threads of inter-

cellular substance differentiated from the material around
them by virtue of the deposit of rows of granules or linear

masses of some particular protoplasm-derivate. The nature
of these granules determines the kind of fibre formed,
and they are in this way marked off from the formless
ground-substance with wMch they are surrounded, being
usually separate from the processes of the branched con-

nective tissue cells. It is possible, however, that some
fibres in areolar tissue may be derived from elongated cell

processes which have lost their connexion with a cell-

body.

Histology.

Form-elements when aggregated into continuous masses
make up tissues, which may be classified according to their

embryological history, their position, and their

properties into four great classes

—

epithelial^

nervous^ mmcular^ and connective. Epithelial

tissue (see Eyicy, Brit, vol. i. p. 847 and xii. 5) is the
lineal descendant of the superficial and the deepest of the

three primary laminae of the embryo {Ib, vol. xx. p. 418)..

It is usually disposed as the boundary layer of a free

surface, preventing the leakage of the lymph or nutritive

fluid in the uhderlying intercellular spaces. The amount
of intercellular substance in epithelium is minimal, usually

only represented by a layer of cement between contiguous
cells. Epithelial tissues differ widely among themselves
in properties according to the situation which they occupy;
with these physiological variations are correlated morpho-
logical differences in the forms and structure of the cells. *

The conditions determining divergence are degree of
superficial pressure, of lateral tension, the nature of the
material in contact with their free surfaces, and their

degree of nutrition. When stratified in comparatively
thick masses, as in the epidermis, the intermediate layers

consist of prickle cells (see vol. i. p, 897), whose surfaces

are beset with processes which join similar processes of

other cells, leaving between them lymph spaces for nutri-

tion In some such cases, it appears from the observa-

tion of Cleland and Thomson that the most active cell

multiplication is in this layer. In general, however,

epithelial masses are sparingly provided with lymph
chaimels, and cell growth proceeds from the deepest cells

towards the surface.

Epithelial cells, whose surfaces are in contact with, currents of
air or of fluid, wliicli requires to be passed on and not absorbed,
are beset by cilia (see vol. i. p. 847). Recently it has been shown
that the organization of these cells is much more complex than had
been supposed (see Heidenhain, AnaJt, Anzeiger, 1899, No. 6), and
that the cilia are connected with specialized portions of the
reticulum of the cell substance, so that their motion is really a
part of the motion of the whole reticulum. Such cilia are found
in the nostrils, pulmonary air-passages, Eustachian and Fallopian
tubes, and a few other places. (For further particulars concerning
cilia, see Henneguy, Archives d^Anat. microscop, 1898 ; Studnicka,
Sitzh, d, Tcgl, hbhmischen Gesellsch, 1899 ; Gurwitsch, AtioI,

Anzeiger, 1900.)
Nerve-endings are minute and with difficulty traceable in ordi-

nary epithelium
; but in some cases there is a much more abundant

nervous supply, which reaches its climax in the organs of the
special senses. The essential character of each of these is the
presence of one or more layers of sensory epitihelium, whose com-
ponent cells are elongated on their free surface into one or more
exceedingly fine rod-like processes. These and the reticulum of
the .cell-body are organized in a more or less complex manner
according to the nature of the impulse to which they are designed

to respond by vibration, and each cell is in direct connexion with
a nerve-ending. The forms of sensory epithelium are described in

connexion with the specific sense organs (vcd. i, p, 884 et segq.),

(For further researches, see Ram6n y Oajol, ‘*Le ratine dea

S. L — 50
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vertebras,” La Cellule^ ix. 1893 ; iBetziTiSa Biologische UTitersK^,

1893, and Lenbossek, Anat. An^ger, 1893.) Embryologically,

each sense-organ is a specialized area of dermal epithelium (except

perhaps in the case of the tongue, whose surtace is originally

hypoblastic).

Epithelial cells which line pits or are otherwise placed

in positions where they receive an abundant supply of

nutrition (gland-cells) are usually highly meta-

bolic, and have the power of separating from

their substance by some process as yet unknown
certain enzymes or other derivative material which they

extrude, dissolved in some of the more fluid parts of the

eeU-content. These secreting cells undergo a physical

change during their condition of activity, altering in

appearance and reaction • but as yet no intelligible physical

explanation has been given of this process, or of the

correlation which exists between the specific enzyme pro-

duced by each gland and the physiological necessity of

the part of the organism in which the gland lies. Some-

times single gland-cells occur in a continuous epithelium,

as, for example, the mucus-secreting goblet-cells on the

villi of the small intestines ;
but, generally, gland-cells are

arranged at the bottom of tubular pits for the convenience

of nutrition and of the accumulation of the secretion.

The forms of the several kinds of glands depend on the

degree of branching of these gland tubes. (On the struc-

ture of glandular epithelium, see Langley, Joum, of
FhysioL 1889 ;

and Nicolaides, Centralhlatt fur FhysioL

1889.)

Nervous tissue is the recipient of all stimuli, the seat

of all sensations, the starting-point of aU motor impulses,

the regulator of vascular and other activities,

and the controller of the processes of nutrition

and secretion. It is connected with every

organ, and its terminations are distributed in almost

every tissue of the body. It is not to be wondered at,

therefore, that its structure is of amazing complexity, or

that our knowledge of it is as yet imperfect and frag-

mentary. The morphological conception of the organ-

ization of nervous tissue has xmdergone fundamental
modifications in recent years, as the structure of its com-
ponent form-elements has become better understood. The
methods of staining introduced by Golgi and Weigert have
rendered it evident that these elements are distinct from
each other, and that their communications are indirect.

The unit of structure which is called a nemone (Fig. 4)
consists of three parts:—(1) A cell-body or perikaryon^
containing a nucleus with a complex karyomiton ; around
this nucleus are other chromophile elements called N'issl

bodies^ capable of being stained by methylene blue, while
the rest of the perikaryon consists of a twofold achromatic
substance, a fibrillar or spongioplasm-element, supposed to

be conductive, and a fundamental or trophoplasm-element,
supposed to be the seat of metabolic chemical changes.

(2) A single filament or axon, starting from the perikaryon
by a cone of origin containing no chromatic elements. After
a course of variable length this becomes coated with a
sheath of myelin, and passes, often far afield, to its

ultimate destination, terminating by branching into a
short tuft of filaments which may be included in a muscle
fibre or other end organ, or else may be in close proximity
to, but not in contact with, the second order of processes,

about to be described, of another perikaryon. On its

way to its terminal tuft an axon may give off collateral

filaments, which also may end in one or another of these
ways. (3) From the other end of the perikaryon, usually
from a part containing chromophile elements, there arises

a series of one or more short, repeatedly-branching fila-

ments, called dendrites, which form an arborescent out-
growth from the nerve-cell, and are related to the terminal
tufts of the axons of contiguous cells. At the ends of

O M V
the dendrites are small enlargements called gemmvles^ and
sometimes sharp-pointed processes called ifwms. It has

been supposed that the nerve currents in the dendrites are

cclli]3etal and in the axons cellifugal. The motor nerves

are all axons of cells, and it has been supposed that the

sensory fibres are elongated dendrites.

The aggregations of neurones derived from the epiblast

of the dorsal groove of the embryo make up the nervous
centres. Other peripherally distributed neurones make
up ganglia. In different parts of the nervous system the
arrangement of the neurones varies in grades of com-
plexity. In the simplest cases the dendrites carry the

a

Pia 4.—Diagram illtififiative of the neurone theory. Bach neurone consists of
perikaryon (ft, c, d, e), axon (fg), and dendrites. A, Simple arc of two neu-
lones, one having its dendrites as sensory recipient fibres in the skin (2),
audits axon ending in branches forming a synapsis with the dendrites of the
motor cell (c), whose axon ends in. the muscle fibre (3). B, Arc in which a
ganglionic neurone (d) is interposed between the sensory and the motor
neurones. C, Arc in which an additional or associative neurone (e) is inter-
posed between the gangbomc and the motor neurones. D, Arc in which the
peiikaryon of the sensory cell is m the recipient epithelium of a special sense
organ (1) such as the xetina. A ganglionic neurone (d) is interposed be-
tween this and the motor neurone. E, a biinilar arc with an associated neu-
rone between the ganglionic neurone and the motor.

sensory impulse to the nerve-ceU, wherein the wave of

nerve force is in some unknown way reinforced, possibly

by metabolic change in the trophoblast or the chromatic

element, and is discharged as a motor impulse centrifu-

gally along the axon to the muscle in which it ends.

Sometimes the circuit consists of two neurones, one receiv-

ing and transmitting the sensory stimulus by its axon to

the vicinity of the dendrites of the cell whose axon goes

to the muscle. Sometimes a third or even a fourth

association-system of neurones may be interposed between
the tuft of the first axon and the dendrites of the last or

motor cell. The method of relationship between the

neurone networks is called synapsis

;

and there is reason

to believe that the degree ofi approximation of the fila-

ments in these is not always constant, but that sometimes
.the contiguity of some groups of processes may become
close, while in other instances tjiey may reced^ from each
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other, and thereby the conveyance of whatever influence

travels from neurone to neurone may be accentuated or

hindered. The details of these groupings and of nerve-

endings will be considered in connexion with the splanch-

nology of the nervous system. (For further particulais

of the neurone theory, see Hoche, Die Nmronenlehre^
Berlin, 1899.)

Each himdle of processes which leaves the central masses of
nerve-tissue in its course towards its peripheral termination is

Nerves,
®3,lled a nerve. The courses of these nerves can be
followed by dissection, but the modes in which they

end can only be ascertained by methods of staining, section-

cutting, and microscopical examination. Within the central masses
of nerve-tissue the courses of the fibres are intricate and obscure,
and methods of staining and section give only imperfect differential

criteria whereby individual bundles may be traced. The two
methods which are most instructive are those which may be re-

spectively called the experimental and the embryological :—(1)

When an axon is detached from its cell it degeneiates through all

its length to its terminal tuft
; so by dividing the axons coming

from any group of cells their course, as distinguished from other-

wise arising axons, becomes apparent in a series of successive

sections stained to show such as are degenerated. (2) It is found
by observation on developing nerves that some fibres acquire their

myelin sheath sooner than others ; so by making successive sections

of an immature part, and staining the myelin sheath, any group
of fibres already myelinated can be differentiated from those not
as yet invested with this layer,

Muscle is contractile tissue derived from the cells of

the middle embryonic layer and consisting of elongated

fibre-like cells, whose reticulum is regularly dis-

iiss^
^

posed, and whose encbylema or trophoplasm is

charged with myosin and other proteids. These

protoplasm-elements are so organized that when the cell

‘Contracts its two extremities are approximated. The three

varieties of muscle—unstriped, cardiac, and striped—as

well as some of the views which are currently held respect-

ing their minute structure have been referred to in vols. i.

p. 856 and xii. p. 8 ; but as yet the real nature of its organiza-

tion has not been made out, and it is not improbable that

manyof theappearances described byobserversare factitious,

produced by the actions of reagents. The observations of

Eamdn y Cajol and van Gehuchten have led them to

regard the fibre as consisting of a reticulum comparable

with the cytomiton of a cell in whose interstices is an
inter-reticular enchylema. RoUett, on the other hand,

regards the reticulum as being composed of partitions of

non-contractile sarcoplasm aroujid a series of contractile

•sarcostyles. Merkel and Engelmann believe that the fibre

consists of alternating masses of two materials which differ

in their optical properties. One of these is anisotropous,

and this may possibly during contraction absorb, or during

relaxation discharge, a fluid yielded to it by the isotropous

band, altering thereby its width and surface tension. In

view of the conflict of opinion new methods of research

are required before any positive pronouncement can be

made as to the ultimate histological analysis of the

muscle fibre, (For discussions of these views, see van

Gehuchten, Awit, Auz. 1888-89
}
v. Kolliker, Gewehelehre^

1890; RoUett, Wiener Sitznmgsler, 1889; Engelmann in

Eermann^s Fhydology^ i. 2; and M‘Dougall, Jmm, of

Anat, Jan. 1898.)

Whatever maybe their intrinsic structure, the mode of grouping

of striped or voluntary fibres is easily ascertained. They are

surrounded by a fine areolar tissue, called eridcmiysi'wnif

in which the nutrient capillary vessels ramify and by
of tne means of which they are united into bundles. Each
muscle,

fascicle of fibres is surrounded byan areolar sheath

or perimysium. Groups of these bundles are united into larger

masses, which are so arranged as to be capable of acting as motor

xmits in the economy of the body. Each of these is invested with

An areolar sheath, and is called a muscle. The ends of each

muscular fibre are attached to the connective tissues with which

they are in contact. In general, there is a filament of white

fibrillar tissue firmly united to the end of each fibre, and the

coUective masses of these filaments at the extremities of a muscle
are called its tendons. By these the muscle is tied to the parts of

the skeleton, from and on which it acts. The lengths of the

fleshy fascicles of muscular tissue are proportional to the mobility
of the point of insertion, being just long enough to diaw that pait

to the extreme of its possible excursion ; so,if the distance between
origin and insertion exceed this, the tendons at either or both ends
are of sufficient length to occupy the remaining space. It must
be remembered, however, that, embryonically, tendon and muscle
arise independently, and that their connexion is secondaiy,

Muscles are apt to degenerate from want of use. In extreme
cases the contractile tissue vanishes, leaving its connective frame-

work as a fibrous mass. This takes place by natural selection, as

muscle is an expensive stiuctuie to maintain owing to the amount
of nutrition it requires. On this account, also, the fleshy bellies of

muscles tend to become accumulated as near the base of supplies

as possible ; that is, as near the mam vessel of the limb or the axis

of the body.
The arrangement of the fascicles is not the same in all muscles.

In some they run in direct lines, from origin to insertion, as in the

rectus abdominis
;
in others, such as the pectorals, they converge

from a wide origin to a narrow insertion so as to concentrate their

useful work in moving one point. Muscles of the former group
aie called prismatic or bandlike ; those of the latter, triangular or

pyramidal. In a third group the fibres pass obliquely from
origin to insertion, so that their action is decomposable into two
components, one of approximation and one of translation, the rela-

tive sizes of which depend on the angle of the slant of the fibre

with regard to the axis of the bone into which they are inserted.

Owing to the exigencies of the formation of the skeleton most
muscles belong to some species or other of this third class of
rhomboidal muscles. A very common special case of this group is

that oip&tiniform muscles, in which a large number of short fibres

are attached obliquely to an elongated tendon, as the barbs of a
feather are to its axis. By this formation the number of short
fibres in a slender muscle can he greatly increased without its

becoming unduly thickened at any point. There is a certain small
loss of useful work owing to the obliquity of the fibres, but this

approximation-element is generally a negligible quantity, being
only equal to the product of the force into the sine of the angle,
which is usually very small.

One or more nerves or blood-vessels enter into each muscle.
The point of entrance is at that spot at which the muscle moves
least on the contiguous structures, and is usually on
the aspect which is farthest from the surface, and, in

the case of the vessels, neaiest to the main artery of

the limb. The nerve on entering hieaks up into

branches in various ways, the exact pattern of division
depending on the arrangement of the fibres in the muscle. (See

Disse in Joum. of Anat, Oct. 1897.) Ultimately, a nerve-twig
passes into each muscular fibre and terminates in an end plate.

The proportion between the number of nerve fibres entering a
muscle and that of muscle fibres is in the external rectus oculi

1 : 8, in the soleus 1 : 360. In general, the merve to each muscle
comes from a single source, hut in a few cases muscles are

diploneural. Thus the brachialis anticus is supplied both by
median and musculo-spiral nerves. The double supply gpeially
indicates the fusion of two muscle germs, which have originated

independently. When the area of origin of a muscle includes

parts which are discontinuous or independently movable, the
portion arising from each such part remains partially separate

from the rest, and the muscle becomes two-headed. This condi-

tion may also occur from the interjection of a vessel or nerve, or

from the synthesis of separate segmental elements in the one
muscle. In like manner, a double insertion may arise from the

separate mobility of the structures into which the muscle is in-

serted. Some muscles present two ormore successive fleshy bellies,

and are called in consequence digastric or polygastric. In such
cases the several bellies have been separate morphological units,

and have independent nerve-supplies.

Nervous
and
vascular
supply.

Connective tissues are derived from the middle embry-

onic lamella and make up more than two-thirds of the

body, forming its framework and the supporting

skeleton of the more metabolic and physiologi-

cally active elements of each organ. Every
epithelial layer is based on a lamella of this tissue ;

every

muscular fibre is sheathed by a connective layer, and is

attached to, or acts on, the connective tissues around its

extremity. In this tissue there are three form-elements

—

(1) cells, which are usually flattish, often processed, rarely

or never contractile, and consist of a distinct cell-wall and
a comparatively small amount of protoplasm; (2) inter-

cellular substance, copious in amount and traversed by
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numerous lymph canals ;

and (3) fibres, which may be of

two kinds, either white, non-extensile, arranged in more or

less wavy bundles of parallel fibres, or yellow, highly ex-

tensile and resilient, arranged in frequently dividing and
uniting bundles. «

There are many varieties of connective tissue in the

animal body (see i. 849 and xii. 6). The typical form is

that called areolar tissue (Fig. 3). This consists of irregu-

larly-interlaced wavy bundles of white and yellow fibres in

a copious ground-substance, through which are scattered a

number of flattish or branched cells. When immature the

ground-substance is continuous and abundant
;
but in the

adult it diminishes and becomes broken up by the forma-

tion of gaps or spaces, which give it a somewhat s^Dongy

texture, so that it can be inflated with air or infiltrated

with fluid. This tissue is almost univeisally diffused in

the body, varying in texture in each part according to

local requirements. Under each layer of epithelium it

forms a dense, almost structureless, basement membrane.
In some organs its meshes are numerous and fine, contain-

ing entangled in them large masses of white lymph-cor-

puscles, which congregate and multiply in these spaces.

This form is known as adenoid tissue. In some regions

groups of connective tissue -cells are closely packed
together, and their cell-contents become charged with oily

or fatty material. Masses of this nature make up adipose

tissue. In other cases the fibre elements, either white or

yellow, preponderate. The white fibrillar is the toughest

tissue in the body
;
a thread of it, measuring 1 square milli-

metre in section, bore without rupture a weight of 8940
grammes, while a cord of yellow tissue broke with a weight
of 4040 grammes, Ca/rtilage and bone are special varieties

of connective tissue. In the former the tissue makes solid

masses, in which the cells, either separate or in small

clusters, are embedded in a hyaline matrix of ground-sub-
stance with or without fibrous elements. In some inverte-

brates and lower vertebrates a form of cartilage exists

which contains mucin instead of chondrogen, recognized by
its staining yellow with thionin. Bone is characterized by

Bone,
calcification of its ground-substance, which

becomes infiltrated with lime salts, while for the
most part the fibres and the branched connective corpuscles
remain uncalcified (see vol. i. p. 852). The physical pro-
perties of bone fit it in an eminent degree to form the
skeleton of the animal body. When its specific gravity,
its breaking limit with tensile strain, its crushing limit
when subjected to pressure, and its modulus of elasticity

are compared with those of other materials, this superiority
becomes apparent. (See Lesshaft, Theoret, Anat, Leinzie,
1892.)

^

In the following table the numbers in the second and third
columns are the weights in pounds avoirdupois required to break
or crush a square rod of the material 1 mm. iu mameter. The
modulus of elasticity is the weight in pounds which, if these sub-
stances were perfectly elastic, would be required to lengthen the
square rod to twice its origmal length. To compare these so as to
determine the skeleton-building suitability of each material, the
number in each column should be divided by the specific gravity of
the material :

—

Substance. Sp. Gr. Tensile. Crushing. Elasticity.

Steel.... 7-816 225 319 46,300
Wrought-iron , 7-788 90 48 4i;887
Cast-iron . . 7-207 28 160

1

Bone.... 1-870 26 33 6*291
Oak .... 0-845 14 10-5

1
2,425

The important factor that the skeleton must present a surface of
sufficient extent to give attachment to the muscles of the body
makes it necessaiy that the material of which it is made must be
of comparative lightness. Bone is the tnost vascular form of con-
nective tissue and the most active in nutritive changes. In
geheral, connective tissues are low in vitality

; their elements con-

tain but little protoplasm, and in consequence they easily suffer
neciosis.

All forms of connective tissue begin as an indifferent

embryonic mesenchyma, whose subsequent diffei'entiations

are reactions due to the influence of environing chemistry
conditions, which are usually definite and recog- of comoec-

nizable. Hence the history of the connective
tissues of the body forms an important chapter in dynamical
ontogeny. The chemical relations of the different forms
of connective tissue are generally characteristic. The
white fibrils and ground-substance of areolar and white
fibrillar tissue yield gelatine on boiling, cartilage yields
chondrin, and yellow tissue consists of a substance which
resists acetic acid and boiling water, and is named elastin.

The animal part of bone in most respects agrees with ’that
of white fibrillar tissue. The process of ossification has
been described in vol. i. p. 855, where it is noted that it

may take place either in cartilage or in membrane. This
is an important consideration in the determination of bony
homologies, for a bone which was originally cartilaginous

is morphologically of a different order from one which
started as a membrane. The reason is not far to seek. It

is not that the processes differ intrinsically, but the early
stages of the ancestral history recapitulated in its embryo-
geny must be diverse as the embryonic tissue has become
so diversely differentiated. The history of the progress of
ossification has been greatly elucidated by the use of the
Eontgen rays, whereby the bony nuclei can be detected at
their first formation, and their growth and union can be
traced in the living adolescent.

In some cases in which large clefts occur in masses of
areolar tissue the tissue forming the boundaries of such clefts

consists mainly of flattish connective cells, which
in some cases are close enough to simulate pave-
ment epithelium. Such a layer is called endotke-

^

Hum to distinguish it from the true epithelium. This term,
though etymologically objectionable, is in the main con--

venient, and is in general

use. These clefts are of

four kinds—joint cavities,

bursae, sheaths of tendons,

and serous cavities. In
joimt cavities the surfaces

of the bone are covered
with cartilage, and have,
no endothelii coating, but
the ligamentous side-wall

of the joint is lined with .

a specially smooth con-

nective layer, named syn-

ovial membrane (Fig. 5).

On the surface there are

often patches of endothe-
lium, although never a
continuous layer of such
cells. Groups of endo-
thelial cells, however, are
often clustered on fringes

at the margin of the bones
in these cavities, and these
secrete a mucilaginous
exudation called synovia
(vol. i. p. 833). Bwrsae
are clefts between planes
of firm areolar or fibrillar tissues which glide on each other.

These are also lined by synovial membrane, but never
present a continuous endothelium

; indeed, in many bursse

these are only represented on a few of the synovia-secreting

processes. The same is true of the sheaths of tendons.

Serom memhromes form a separate category, few, while in

Fig. 6.—Vertical section through knee^
joint, with the bones somewhat drawn
apart, showing the synovial cavity of the
joint 0) and the bursae (6) in its vicinity.
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the higher vertebrae the coelom or body cavity which they
line is formed by a splitting of the mesoblast, the compara-
tive embryology of this cavity shows that originally in the
most archaic vertebrates it was formed by the outgrowth
of diverticula from the primitive gastraeal cavity. It is

consequently possible to sustain the thesis that the apparent
delamination in the higher forms is due to the superposi-

tion of a series of processes of development which occur
successively in the lower, but simultaneously in the higher
vertebrate. Hence it is conceivable that the lining material

of the coelom may be not an endothelium, but a true

epithelium. The same may possibly be the case in the
great blood-vessels. At the same time it must be re-

membered that it is not possible to draw hard-and-fast

lines between the derivatives of the several germ layers,

whose distinction the one from the other is not so definite

as was once imagined. Serous membrane is always lined

by a continuous layer of pavement cells, resembling pave-

ment epithelium in almost eve^ry respect, and the same is

«

the case with the blood and lymph vessels.

Splanchnoloo-y.

A mass made up of various tissues united so* as collec-

tively to discharge some special function is called an organ,

Proximately the human body consists of an assemblage of

organs arranged in a definite manner, and the study of the

structure of these organs and of their relative positions

constitutes the subject-matter of Descriptive .^atomy.
Organs may be classified physiologically according to their

respective offices into seven groups—(1) those of

protection and support (skeletal)
; (2) of motion

(muscles); (3) of sensation, the seats of the reactions

de[)endent on and related to sensation and psychic process

(nervous)
; (4) those whereby food is taken in and assimi-

lated ‘(digestive)
; (5) those whereby the nutritive material

is distributed to the tissues (circulating)
; (6) those whereby

waste products are got rid of (eliminative)
;
and (7) those

by which reproduction takes place. Morphologically,

organs may be divided into two groups, according to their

relation to the originally segmented constitution of the

body. The human body, like that of all vertebrate

animals, is made up of a chain of segments, each of which

is more or less built on a common plan. The organs of

the 1st, 2nd, 3rd, 5th, and some of those of the 6th group

are segmental in original plan, although in the course of

development this characteristic has become obscured.

Those of the 4th and 7th, and some of those of the 6th

group show no sign of ever having been segmented at any

stage in their ontogeny, *

1. Organs of Protection and Support.—^All the active

tissues of the body are supported on a framework of con-

nective tissues, or else are contained in spaces bounded by
lamellae of these tissues, which thus constitute the skeleton

of the organism. (The word skeleton is popularly limited

to the bony framework, but, morphologically, all the con-

nective tissues are equally parts of the vertebrate skeleton.)

A layer of extremely condensed areolar tissue invests the

whole body, forming the true skin, cfuAis or dermis. This

is truly skeletal, and in some lower vertebrates is the only

tissue in which ossification occurs. Beneath this is a laxer

layer, also of areolar tissue, differing from the last chiefly

in its lesser density, in its containing more or less fat in

its meshes, and in its being traversed by vessels and

nerves, which do not end in it as they do in the denser

uutis which invests it. This layer is called mp&rjmal

fascia^ and, like the skin, it is continuous over the whole

body.

Beneath the superficial fascia there is in most parts of

the body a firm, thin layer of white fibrillar tissue, which

covers th%muscles and is attached to those prominences

of bone which project beneath the skin. To this the name
deep fmcia is given. Partitions of this material dip in

between groups of muscles, and are called intermuscular

septa. Other lamella3 form sheaths for vessels, nerves,

and viscera. The deeper connective tissues forming the

main axis of the body, to which the name skeleton is

commonly limited, are composed of bone, cartilage, an<l

fibrous tissues, and are disposed segmentally. They con-

sist (1) of the vertebral column, and (2) of the skeletal

walls of the two great tubes of which the vertebrate body
is made up, the dorsal or neural, and the ventral or

visceral. The walls of these tubes are united to the in-

vesting layers of deep fascia by four longitudinal parti-

tions—one mediodorsal, one medioventral, and two lateral—^subdividing the body wall into four areas, two dorso-

lateral and two ventrolateral.

At their first appearance in the embryo the continuity an<l seg-

mental arrangement of these connective masses and partitions is

obvious
;
but in their later conditions, when parts of this skeletal

apparatus are transformed into cartilage and bone, though to some
evtent appearances of segmentation still persist, yet these are
often of derivative origin, and do not coincide with the primary
segmental divisions. For in the course ofdevelopment the primaiy
intersegmental clefts are in part seen to fade and a ^
secondary series to appear

;
these, instead of coincid-

ing, are for the most part alternate with them. This
^

secondary segmentation occurs especially in the tissue around the
notochord or unsegmented axial rod (vol. i. p. 830). This noto-

chord is no part of the skeleton ; it was originally a canal, but in

the absence of any animal which preserves this structure as such it

is difficult to understand what was its original function (Fig. 6).

Notochord. Epiblast.

Fig. 6.—Diagram constructed from several sections of the veitehral region
of the embryo shark. Showmg the formation ofvertebral bodies (v.6.) around
the notochord, by the rearrangement of the scleroblasts or inner cells of
the original protovertebra, the lines of segmentation of these rearranged
hegments being alternate with those of the original protovertebra, as shown
between the muscle plates (w..p.) and cutis plates from which the
muscular system and dermis are respectively developed. The epiblast gives
rise to the cuticle. Between the muscle layer and the cutis layer is the
segmented poition of the coelom.

It probably was an archaic form of alimentary canal, around which
were disposed the segmented skeletal and other tissues. The con-

nective tissues which surround it become the successive vertebral

bodies, and their uniting fibrous discs, from the former of which
the neural arches project dorsally, and the costal or rib arches

ventrally.

To the description of the vertebral column in voh i. p. 821 it

is only necessary to add that the moiphological relationships of

the parts in successive vertebrin are not so simple

as they appear at first sight. Each vertebral body
originates as two separate elements—one a perichordal ring,

arising in two symmetrical parts, one on each side of the noto-

chord, and a second or hypochordal arch connected with the

bases of the neural and visceral arches, lying on the ventral side

of the perichordal elements and on a level with the interval

between contiguous perichordal rings. This hypochordal element

merges with the perichordal in all ‘vertebrae, except the first

cervical. In this it remains separate and ossifies as the anterior

arch of the atlas, while the corresponding perichordal ring be-

comes the odontoid process of the axis. The successive vertebrae
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through-out the whole column consist of comparable parts modi-

fied in each region to suit the mechanical condition of the region.

The most variable portion of each vertebra is the transverse

process^ an outgrowth from the base of the neural arch, which is

usually multiple. It is not so much a morphological unit as a

variably-arranged area for the attachment of oblique intervertebral

muscles. In the cervical region it is tripartite—-(1) its dorsal

portion, existing as a mere roughness on the dorsal side of the

articular mass for muscular attachment
; (2) its ventral portion is

fused with the rudimental costal process ; and (3) its intermediate

part, which projects into the lateral septum, is joined at its lateral

end to the ventral portion, bounding with it a hole for the ascent

of the vertebral artery. In the thoracic region the parts corre-

sponding to the 1st and 3rd of these elements unite into a single

transverse process, while the ventral part is flattened into a costal

articular facet. The ribs, which are detached extensions of these

costal processes, do not really articulate with the bodies of the
vertebrae, but in foetal vertebrae it can he seen that the entire rib

articulation is on the neural side of the suture between the neural

arch and the centrum or body. The three elements are distinct

in the 12th thoracic vertebrae. In the lumbar region the
ventral part is, as in the cervical, inseparable from the costal

element, making with it the process that is usually erroneously

described as the transverse process. The two others exist as rough
spurs, called respectively the mammillary and accessory processes.

The human vertebral column in its earliest stage consists of thirty-

eight vertebrae. Of these the two hindmost vanish before chondri-

fication takes place, and the four which precede these unite into

an irregular mass, the last of the four pieces of the coccyx.

The appendicular skeleton is described in vol. i. p. 838, The
morphological nature of the vertebrate limb is still a disputed

N t t f 5
balance of evidence is in favour of

n Balfour’s theory, that each limb is the surviving part,“
* anterior or posterior, of a lateral ridge, which originally

extended along the side of the vertebrate body, and each consists

of material derived from at least seven successive segments.
O-egenbaur, however, has made out a plausible case for the
hypothesis that the limbs are modifications of the processes

of a gill arch, and Graham Kerr has proposed to regard the
limbs as derived from external gills (Proc. uamb. Philosoph, Sog.

1889).

The parts of the skeleton of the human foTelimb present certain
characters which distinguish them from those of other mammals.
The scapula is longitudinally elongated and transversely short, so
that its maximum breadth only equals about 0 *70 of the length.
This ‘‘scapular index” is usually greater in the black races, and
is higher in the foetus than in the adult. The humerus in man
exceeds the radius in length as 1 : 0*7, the numerical relation
being known as the humero-radial index. This also is larger in
the lower races. The human thumb is perfectly opposable to the
other digits as is that of no other vertebrate. There are normally
eight bones in the human carpus, but emhryonically a ninth
or 0$ cmtrah is present in vestige, fusing at an early period
with the scaphoid or semilunar, and only remaining distinct as
a lare anomaly, although its rudiment is by no means uncommon.
The pisiform hone of the human carpus is in all probability
the reduced vestige of an obsolete sixth digit, and is not, as
has been supposed, a sesamoid bone. The hip-ion^ presents
markedly different characters in the two sexes, which can be
recognized as early as the fifth month of foetal life. On account
of these differences the shape of the cavity of the pelvis hounded
by these bones is also distinctive, even in the foetus. In the
males of the white races of mankind the sagittal (antero-posterior)
length of the pelvis is, in average cases, to the coronal (transverse)
length as 80 : 100 ; but in those of the black races it is related
as 95 : 100. A slight difference has been observed in the level of
the articulation of the hip-bone with the sacral vertebrae at
different periods of life, the tendency being for the former to rise
to a higher level as development advances. In the earliest period
of foetal life at which these elements can be distinguished the first

sacral vertebra is not at all involved in the articvdation
; but as

age advances it gradually becomes included in the joint, and
occasionally the twenty-fourth vertebra becomes also ou one or
both sides directly articulated to the hip-hone, and correspondingly
incorporated in the sacrum.
The femur constitutes usually about 0*276 of the individual

stature
;
but this proportion is not constant, as this bone forms a

larger element in the stature of a tall than of a short man. The
human femur presents also a concave popliteal surface, thus
differing from that of Pithecanthropus, whose popliteal surface is
convex. In tlie hones of some races the dorsal ridge of the^thigh-
hone (linea aspera) projects as a prominent crest causing the hone
to appear “pilastered,” a condition the amount of which is in-
dicated by the increased relative length of the sagittal to the
coronal diameter of the hone. Pilastering, though characteristic
of lower and primitive races of man, is never found in the anthro-
poids The upper third of the femur in some races is sagittally

flattened, a condition which is called platyrmria. Its degree is

indicated by the excess of the coronal over the sagittal diameter
m this region.

The' tibia in most civilized races is triangular in the section of
its shaft, but in many savage and prehistoric races it is two-
edged. The condition is named platyonemia^ and is indicated by
the pioportional excess of the sagittal over the coronal diameter.
The foetal tibia has its head slightly bent backwards with regard
to the shaft, a condition which usually disappears in the adult,
hut which is shown by the prehistoric tibiae found in the cave of
Spy. In races that squat on their heels the front margin of the
lower end of the tibia is marked by a small articular facet for the
neck of the astragalus.

The fibula is a variable hone. In prehistoric and savage races
its several surfaces are olteu deeply channelled. In foetal life

its lower ankle-swelling is smaller than the inner ankle of the
tibia, but this relation becomes reversed in the adult. The
human foot is plantigrade, the metatarsal bone of the great toe
being nearly parallel to those of the other toes, unlike those of
the anthropoids. Very often in the adult the second and third
phalanges of the little toe are ankylosed together. This is no
new thing nor is it necessaiily a product of civilization. The
wiiter has found it thirty times in the feet of ancient Egyptians,
and once in those of an aboriginal Australian. The intermembral
relation of humerus and femur is important in physical anthro-
pology, as are also the relative lengths of tlie femur and tibia.

The varieties of cranial shape which are distinctive of the different

races of mankind are due especially to the interaction of four
factors—(1) brain size and shape

; (2) dental size and „
degree of development of the muscle of mastication

; (3)
oiotfi#-

the sizes of the several sense organs ;
and (4) the sizes and extents

of certain muscular areas. The methods commonly in use for

estimating these varieties are numerical indexes, which are the
centesimal relations of certain measuiements. These are con-
venient, although often fallacious. Thus, for example, brachy-
cephaly or hroad-lieadedness, indicated by the breadth being more
than *80 of the length, may be due to the survival of an infantile

character, as in Negritos, or to a secondary increase in the width
of the hinder part of the frontal cerebral lobes, as in the Teutonic
Europeans. Similarly dolichocephaly (with the breadth *75, or
under, of the length) may be due to increased length of frontal and
parietal areas of the brain (indicated by increased proaurioular
length), or to diminution of the parietal width and increased
occipital length. Most other composite cranial measurements
hitherto made are equally faulty.

The human skull is frequently the subject of deformation, due
to premature union of some of its sutures constraining its growth.
Thus, if the two parietals unite in foetal life or infancy, the skull
becomes scaphocephalic, as represented in vol. i. p. 832, Fig, 14.

When the union is of the coronal suture, the skull becomes short
and high, or thyrsocephalic ; if the halves of the frontal unite
before birth, it is wedge-shaped or trigonocepJialic. The vertebral
theory of the skull has been discussed (vol. i. p. 831), and is now
definitely abandoned by all morphologists. On the other hand
the original segmentation of the cephalic region has been abund-
antly demonstrated

; the only difference of opinion among
observers has been in the estimation of the number of segments in
the cephalic region of the primitive vertebrate. These segments,
however, had lost their distinctness even before the cartilaginous

cranium had become developed, so that there is no real segmental
value in the elements of this, still less in those of the bony skull.

The only place in which segmental elements can he distinguished
is in the occipital region, which is in structure transitional

between the head and vertebral column. (For an excellent

account of the human skull, in which the many new morpho-
logical details due to recent investigation are set forth, see Graf
Spee in Bardeleberis JSandhuch der Anat, i. 2.

)

To the account of the joints and ligaments of the human bodj
in vol. i. p. 834, it need only he added that ligaments are not
all of the same morphological value. The capsules of

joints
most of the joints are derived from the connective
tissue which forms the circumference of the primary articular

cleft in the embryo (vol. i. p. 833, Fig. 16) ;
hut the accessory or

kteral ligaments are often of secondary formation, derived from
displaced tendinQUS appendages to muscles or intermuscular septa,

or they may even he the connective sheaths of muscles which
have lost their fleshy substance. The function of ligaments is

chiefly to supplement the muscles iu protecting joints. They are
generally weak where the muscles are strong, and it is noteworthy
that joints* are more frequently dislocated at the places where the
muscles are feeblest, irrespective of the strength of the ligaments.
The menisci, whose formation has been referred to and illustrated

in vol. i. (p. 833, Fig. 17), are not always the simple survivals of an
interjected layer of the capsule

; in some cases, as in the triangular

cartilage between the ulna and carpus, the cartilage may contain
a vestigial skeletal element, and the ^ame may be true of the
stemo-clavioular cartilage.
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IL Musatdojr System (see voL i. p, 834 sq.).—The volun-

tary muscles of the body may be grouped in three series

—

those derived from the muscle plate of the protovertebrae

;

those originating in the somatopleure
;
and those originat-

ing in the nephromere or region of the segmental organs.
The muscles arising in the splanchnopleure are the un-
striped muscles of the viscera.

From the muscle plates arise the axialmusclesof thedorsal
series, including the deeper layers of the muscles of the back.
The orbital muscles also originate from cephalic muscle
plates. In the trunk this series is trilaminar, including
(a) the longitudinal muscles of the spinal column, (h) the
intermediate oblique series of semispinales and multifidi,

and (c) the "deep, short interspinal and rotator muscles,
which stretch from vertebra to vertebra. All these are
innervated by the dorsal branches of spinal nerves, and
they are limited dorsally by the strong dorsal fascia, and
ventrally by the lateral intermuscular septum.

The somatopleural muscles originate in the body wall
beyond the edge of the muscle plate. As it is from this

structure that the limbs are outgrowths, these muscles
may be divided into two series—those of the trunk (ventro-

axial), and those of the limb (appendicular). They are

all innervated from the ventral branches of the spinal

nerves and lie on the ventral side of the lateral septum.
These muscles are divided into laminae. A superficial

external oblique layer is continued in the thoracic region

over the ribs. A second or internal oblique layer becomes
intercostal in the thorax. A third or transverse layer lies

on the visceral side of the ribs. On either side of the
medio-ventral line these three layers are represented by a
continuous mass, the rectus abdominis, from which, some-

times, the pyramidalis is a superficial and partial delamina-

tion. Occasionally there is a superficial lamella attached

to the skin—the panniculus, or skin muscle—^which is only

a delamination of the superficial layer, as shown by its

development and innervation. The limb muscles are con-

tinuations of the supracostal stratum, modified by their

connexions with the bony parts of the limb. They are

throughout divisible into a dorsal and a ventral series,

each of which is innervated by branches derived respec-

tively from posterior and anterior divisions of the ventral

trunks of the spinal nerves of the segments represented in

the limbs. Those who hold the Gegenbaur or Graham
Kerr hypothesis regard the multiple innervation of the

limb as evidence of the secondary annexation of other

nerves, in consequence of a gradual slipping backwards of

the limb. These dorsal and ventral muscles of the limb

are grouped into those attached to the limb girdle and
those which extend to the first, second, or to the terminal

elements of the limb ray. There is a certain general

resemblance between the muscles of the two limbs as they

arise from similar muscles-sheets
;
but as in all land-

animals the fore and hind limbs are of necessity different

in their mechanical relations, the rdle of the fore and hind

limbs being essentially different in quadrupedal progres-

sion, these sheets from the first have midergone cleavage

in different ways. Therefore, it is not possible precisely

to homologate the different muscles of one limb with

their equivalents in the other. The innervation of these

sheets of muscle, however, shows that around the shoulder

or hip there are four groups, which may generally be called

abductor, adductor,^ flexor, and extensor ; in those around

the elbow as well as in those of the hand or foot there are

three series, although two of these are confluent in the leg,

where also the radial marginal group of muscles is absent.

An important difference is to be noted between the muscles

of the hand and foot in the position of the axis of move-

ment of the digits. In the hand the short muscles are

arranged so as to adduct to, or to abduct from, an axis

passing down in the line of the middle finger, whereas in

the foot the axis from and to which the muscles draw the

toe passes down in the line of the second toe.

The muscles which are derived from the nephromeric
region, sometimes called hypaxial or hyposkeletal muscles,

are a few, small aberrant somatopleural slips which lie on
the ventral face of the vertebral bodies and pedicles, such
as the longus colli and others on the same horizon. They
are innervated by branches from the ventral divisions of

the segmental nerves.

The muscles of the human body exhibit very many
varieties, an exhaustive study of which is given in Le
Double’s Variations du systerne muscidaire de Vkomme^
1897.

III. The Nervous System.— Considerable advances in

knowledge and some changes in interpretation have been
made since the writing of the remarks in voL L pp.
858-884. The vertebrate body in its early embryonic
stages is made up of a succession of segments, in each of

which there is a segmental nerve distributed to the parts

of the segment. In process of development irregularities

in the growth of the component elements obliterate or

obscure the definition of the primitive division
;
but there

is reason to suppose that the nerve constituents are more
constant in arrangement, and furnish more accurate indi-

cations of the original segmentations than do the other

tissues or organs. In the head, where the traces of original

segmentation are practically obliterated, owing to the

rapidity with which change succeeds change in early

embryogeny, almost our only guide to unravel the morpho-
logical history is that furnished by the cranial nerves.

The course of a typical segmental nerve is described in

voL i. p. 867. Such a nerve traced centripetally resolves

itself into two roots, a dorsal and a ventral, close to its

place of connexion with the spinal cord. The fibres

making up the ventral root enter the spinal cord along
its antero-lateral groove, are continued into the grey matter
of the anterior horn, and prove to be the axons of the

large branching cells of that horn. These neurones form the

efferent or motor system whose terminal tufts are enclosed

in the fibres of the voluntary muscles and other structures

throughout the body. Some of the efferent axons of a

spinal nerve end in tufts beside the dendrites of nerve-cells

clustered in small visceral ganglia, which are arranged in

a chain on the ventral surfaces of the vertebral bodies.

To these the name sympathetic ganglia is given. The
axons of these cells are distributed to viscera and vessels.

The fibres making up the dorsal root are in essence

processes of cells which form a series of ganglia close to

the postero-lateral groove of the cord. Each cell of these

ganglia gives off a short process, which divides into two
branches that diverge from each other nearly at right

angles, like the component halves of the horizontal stroke

of the letter T. One of these is the fibre we have traced

from the periphery as the sensory element of the spinal

nerve
j
the other passes into the spinal cord, there to break

up and to be connected synaptically with the neurones of

other systems. The primordial segmentation of the verte-

brate nervous centres has become overlaid and masked by
the development of groups of neurones, which combine,

co-ordinate, and otherwise influence the relations of the

segmental nerve-cells. This is true of the spinal cord,

but much more so of the brain.

As an account of the spinal cord has been given in voL

i. p. 865, it is only necessary here to trace the courses of

the component systems of neurones in terms of

the parts of the cord there described:—(1)

Around the dendrites of the large cells of the

:

anterior horn are the end-tufts of axons, which can be

traced up to the medulla oblongata. These collectively
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form a thick white band, the crossed pyramidoiL tracts that

lies on the lateral side of the dorsal horn. When it

reaches the apex of the p5n:amid in the medulla oblongata

the component fibres cross to the opposite side, decussating

with those of the corresponding bundle of that side and

ascending in the pyramid of the opposite side (vol. i. p. 870)

;

then passing forward through the pons, crus cerebri, and

through the middle of the corpus striatum, they end in peri-

karyons in the cerebral cortex. These cortical cellsare closely

linked together by numerous commissural and association

neurones, to be described hereafter. By these fibres the

cortex cerebri is brought into relation with the voluntary

muscles, there being but two interruptions in the circuit.

(2) Other axons, ending about the same group of anterior

horn cells, pass across at once to the opposite side of the

spinal cord, and then ascend in the mesial part of the

white tract bordering the ventral fissure. They run up in

the pyramid of their own side, and otherwise follow a

course comparable with those of the last set. These make
the direct pyramidal tract (3) A wide curved band of

white spinal cord substance stretches from the outside of

the direct pyramidal tract outside, and in front of the

ventral horn, as far as the edge of the crossed' pyramidal

tract. This consists of the axons of shorter neurones,

which begin in nerve-cells in the grey matter of the cord

at different levels. Some of these axons cross in the

anterior commissure to the opposite side, while others pass

down in this tract to end by synapsis with the dendrites

of the cells of the ventral horn
\
thus, although this 'ventro-

lateral association tract is apparently a continuous mass,

it is made up of shorter and more varied axons than the

foregoing. These three tracts agree in being descending

tracts coming from nerve-cells on a higher level and in

being connected with the ventral horn-cells by synapses,

and thereby with the motor nerve roots arising from
them, (4) Two groups of axons, mostly ascending, are

closely related to these, and spring from the cells of the

lateral cell column of Clarke (vol, i. p. 866), whose den-

drites are contiguous with those of cells in the ventral

part of the column. These axons form a thin layer on the

lateral surface of the cord between the dorsal and ventral

nerve roots, and they extend on the same side into the

restiform body of the medulla oblongata above, by which
they pass into the cerebellum. By this cerebellar tract the

neurones of the cerebellum are associated with the spinal

nerve system
;
and it has been inferred from experiment

that these are connected, in some way as yet unknown,
with the co-ordination of muscular actions. (5) From the
cells of the ganglia above described, which form the seg-

mental origins of the sensory fibres constituting the dorsal

roots of the spinal nerves, we have already seen that
T-shaped processes arise. The inner branch of each of

these passes centripetally, and forms the link between the
ganglion of the root and the spinal cord. The continua-
tions of these form almost all the white matter that lies

internal to the dorsal roots. Most of these fibres run up-
wards, but some descend to form synapses with* dorsal
horn-cells on a lower level. These send, as they pass along,

collateral branches into the grey matter of the dorsal horn
to end around the nerve-cells there. jNreurones of this

grey matter in turn send axons, which terminate above in
tufts about the cells of the posterior columns of the
medulla oblongata, and thes^ again send axons in the
fillet of the crus cerebri, to end, after interruptions in the
thalamus, in tufts about some of the smaller, deeper cells

of the* cerebral cortex. Thus the effect of an efferent

impulse, while for the most part propagated upwards,
may be to some extent continued downwards, sometimes
causing reflex action by affecting the region below it. By
means of these bundles of fibres in the cord, the segmental

nerves are linked together and so controlled as to act as

component parts of a functional whole (Fig. 7).

The spinal cord is essentially bilateral. In the embryo
it is formed of the lateral thickenings of the sides of the

neural canal, and no neuroblasts (embryonic nerve -cells)

arise either in the ventral or dorsal median portion of the

wall of the canal. Whatever fibres at a later stage cross

from side to side are invasions from lateral structures.

The medulla oblongata or htdh is developed from the

waU of that part of the neural canal which formed the hinder
cranial vesicle, and lies immediately within the
foramen magnum of the skuU. In it the dilated

neural canal forms the fourth ventricle, which dorsally is for

the most part closed by a membrane, the superior medullary
^velum, as well as by the cerebellum. Through the medulla
pass the ascending and descending axons of the various

cerebro-spinal association systems. In it are also the seg-

mental nucleiof the nerves of the series of nine hinder cranial

segments, which have become secondarily grouped into the

Y.-Xn. nerves of Human Anatomy. The cerebellvm (vol.

i. p. 871) lying on the dorsal side of the ventricle has
originated by two lateral ingro'wths derived from the
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tissues on either side, which ultimately fuse in the medio-
dorsal line. With the neurones of this body the cerebellar
tracts of the cord and several other series of association
fibres passing to the mid-brain and thalamus are connected.
The mid-lrain, lying in front of the bulb, is the thickened
wall of the second cranial vesicle (Fig. 7, sylv.), ve^hich in
man has contracted into a canal, the aqueduct of Sylvius.
Its thickened floor is the ^ons Varolii^ mostly made up of—

-

(1) commissural cerebellar fibres crossing from side to side,

traversed longitudinally by (2) bundles of the descending
fibres of the pyramids passing between the cerebrum and
the spinal cord. These longitudinal fibres pass forwards
on each side from the hemisphere to the pons, forming a
large part of the crura cerebri. (3) Between tJie bundles of
fibres are many nerve-cells, with which some of these fibres

are directly and synaptically connected. In the ventral floor

of the canal in this region are the segmental nuclei of the
third, fourth and part of the fifth nerve. The relations of

the nerve roots to the cranial vesicles show that the latter

are not primitive morphological features, but only secondary
mouldings of the brain mass superinduced after the fusion

of the original segments of the cephalic region. The quad^ir

geminal bodies, which in the human brain form the dorsal

wall of the second cranial vesicle, are condensations into

one irregular mass of several organically distinct seiies of

neurones and their processes connected directly or indirectly

—(1) with ascending axons from the dorsal roots of the

spinal nerves, (2) with the wall of the anterior cranial

vesicle, and (3) with the optic nerves. The original cavity

of the fore-brain or anterior cranial vesicle becomes in the

adult the third ventricle. Its side walls are thickened

and form grey masses, the optic thalarni. Its roof is

membranous and contains no neurones, forming the

velum interpositum. Median pouches of this cavity

project—(1) upwards and backwards, and (2) downwards
and forwards. The former has at its end the pineal gland
or epiphysis, the vestige of a median eye, which is

functional in Sphenodon and a few other reptiles; the

latter, which is named the infundibulum, projects towards

the sella turcica or fossa above the body of the sphenoid,

and there thickens to form the posterior lobe of the hypo-

physis OT pituitary body. This thalamic region is appar-

ently related to the segment of the head which originally

bore the eyes. The front of the fore-brain is a membranous
area, the lamvna termvnalls.

The part of the brain which lies above and in front of

the thalamic region is the cerebrum (vol. i. p. 872), whose

Cerebrum
growth in the higher mammals has

caused it to overlap and alter the relations of

the neighbouring parts of the brain. Its structure presents

man^ obscure and difficult points, especially in the higher

mammalia. The cerebrum consists of two hemispheres,

originally separate from each other. These are at first

hollow outgrowths from the upper, anterior, and lateral

angle of the fore-brain, containing evaginations of the third

ventricle, which are called the lateral ventricles. These

communicate with the parent ventricle by an aperture,

the foramen of Monro, in front of which is the lamina

terminalis. The composition of the wall of the cerebral

hemisphere can only be understood by a careful compara-

tive study of its ontology, traced from the lowest verte-

brates to the highest mammals (Fig. 8). In the former

this wall of the hemisphere on the medial aspect, in front of

the lamina terminalis and above it, consists of—(1) a grey
area, the corpus paraterminalis. Above this a faint line of

demarcation {sulcus limitans) maps out (2) a second area,

the hippocampus, which in some lowly-organized mammals
forms the entire of the remaining part of the medial wall

of the hemisphere. On the outer wall above there is (3)

a definite area, the pallium, very small in lower verte-
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brates, enormous in the higher mammals. This is limited
below and laterally by a rhinal fissure, which marks off"

(4) the rhineiicephxilon, or smell area, that makes up the rest

of this wall. Above, the pallium extends to the margin of

the hemisphere, where it is conterminous with the hippo-
campus. The floor of the hemisphere consists of (5) a
grey mass, the corpus striatum, in front of which projects

(6) a lobule, the olfactory bulb and pedicle, the latter of

which often extends backwards, spreading around the
corpus striatum to touch the paraterminal body and
hippocampus on the inner side, and to form a pyriform
lobe on the outer side, separated by the rhinal fissure from
the pallium. All these parts in front of the rhinal fissure

are included in the name rhinencephalon. Between the
two hemispheres, as they grow, commissural neurones arise

and send their axons across in the substance of the lamina
terminalis, linking together the hemispheres. These
become grouped in two bundles—one a dorsal commissure,
the fornix or psalteriumi, which joins together the two
hippocampal areas, and which in higher forms consists of

longitudinal as well as transverse fibres. The other is

ventral, and its fibres cross the basal region and rhinen-

cephalon, consisting among others of the commissural
fibres of the pallial area. In some animals a third commis-
sure, the commissvra aberrans, crosses the roof of the third

ventricle behind the foramen of Monro' (not to be con-

founded with the commissura mollis of an adult human
brain). In such animals the roof of the third ventricle

consists of the velum interpositum, a delicate epithelial

layer attached on each side to the ventral lip of the

paraterminal bodies. The lateral margins of this project

into the foramen of Monro and constitute choroid plexuses.

a 1 — 51
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These are, therefore, not parts of the wall of the hemisphere

but of the fore-brain, and behind them is the aberrant

commissure, which separates the choroid plexus from the

membranous roof behind it (paraphysis)^ and lies at the

caudal end of the paraterminal body. Behind the para-

physis is the commissure of the habenula in front of the

pineal eye.

The predominant characteristic of the brains of man
and of the higher mammals is the enormous overgrowth of

Character^
pallium, which consists of those neurones

isticsof that govern the lower mechanisms and whose
human functions are to initiate actions. Coincidentally
brain, growth, remarkable changes take place

in the other areas of the cerebral surface. The hippo-

campus becomes indented by the development of a

longitudinal sulcus on its median aspect, and is differen-

tiated in structure from the surrounding parts by the

formation within it of a compact layer of pyramidal cells.

The bottom of this sulcus projects into the lateral ventricle,

and there makes a swelling to which the name hippo-

campus is often. limited, while the part containing the

column of cells at the margin of the hippocampal area

which still remains on the median surface of the hemi-

sphere close to the paraterminal body is called fascia

dentata. These pyramidal cells are probably receptive

cells connected with the olfactory nerve fibrils. The
growth of the pallium towards the paraterminal body
pushes the hippocampus backwards and causes its anterior

end to become rudimentary, a mere pre-commissural vestige

of the part which in the reptile and amphibian tnade up
j

almost the whole mesial and part of the lateral wall of the

hemisphere. With this enormous growth of the governing

mechanism of the pallium there is correlated a growing

necessity for bilateral co-operation, and therefore an
increased growth of commissural neurones. But the space

through which the original pallial commissural axons (in

the ventral commissure) pass is limited by the growth of

the ganglionic masses of the corpus striatum and their

approximation to the thalamus (wall of the fore-brain).

These new axons must therefore seek a new and more
direct path, and they find this along the track occupied by
the fibres of the now much reduced dorsal commissure.

This newly - developing pallial commissure or corpus

callosum, which is peculiar to the eutherian brain, is quite

distinct from the hippocampal dorsal commissure, whose
place it to some extent takes, and which it exceeds in size

in proportion to the predominance of the pallium over
the hippocampus. A portion of the paraterminal body
is intercepted between the corpus callosum and the
fornix, becoming the septum lucidum (vol. i. p. 876),
which is thus not pallial but paraterminal in its nature.

A fissure which runs from the margin of the olfactory bulb
to the genu of the corpus callosum is the real boundary of

the pallium, and the band which borders this furrow above,

the gyrus sub-callosus, is also a surviving part of the para-
terminal body. The ventral commissure, which continues

to carry the uniting axons of the pyriform tubercle and
olfactory bulb, is separated in the human brain by the
anterior commissure. From these the palUal fibres which
accompanied them in the marsupials as the most dorsal
band of the ventral commissure have in the eutheria
followed in their increase a course of least resistance and
occupied the space vacated by^the recession of the hippo-
campi. This change is foreshadowed in the brains of

diprotodont marsupials by the separation of this band of
the anterior commissure from the rest and its passing to
the pallium through the internal capsule, as if to relieve

the tension of the area of the anterior commissure.

The convolutioning ofthe surface ofthe adult cerebral hemisphere
has been described at length iu vol. i. p. 873, These convolutions

are folds produced by the enormous growth of the grey surface of

the pallium, and first appear about the fourth month of foetal life.

Arnold and others have described a series of tiansitory fissures

which they supposed to arise and to become obliterated before the

growth of the permanent set, but these have been shown to be theJ

result of accident and reagents by Hochstetter and Elliot Smith.

(For further particulars concerning the cerebrum see Cunningham,
Tram. Royal Irish Acad, 1892, and the numerous papers in the

Journal of Anatomy by Elliot Smith, 1898-1901. For the visceral

nerves and their courses see Hermanns papers, Journal of AncU,

1898, 1899, 1900. For views as to the general constitution of a

nerve see Gaskell, Journ. of Physiol. 1886. For the distribution of

sensory nerves see Head, Brain, 18^3-94. The anatomy of the
sense oigans has been sufficiently tieated in Ency. Brit. vol. i. pp,
884-899. An excellent account of recent work on the subject is

given by Schafer in Quain's Anaf. iii. 1894.)

IV. Oryans of Assimilation.—^From appearances pre-

sented in the early stages of the vertebrate embryo, it is

probable that there were two preceding forms of alimentary

canal which were functional at different periods in the

archaic ancestry of the group before the evolution of the

existing or hypohlastic digestive oigans. Of the earlier

a vestige remains in the central canal of the spinal cord
^

of the second the notochord is possibly a tiace. When tht‘

hypoblastic digestive canal become^ closed in, it has at

first no communication with the outer surface, being clost^d

both at the head and tail ends
;
but within the first few

weeks of existence two superficial pits form, one on
the ventral side of tlie fore-brain region and one on the

ventral side of the tail. These, too, by the rupture of the

membranes which separate them from the gut become
respectively the mouth and the cloacal opening. The
former of these pits is called the stonwdoemn, and gives

rise to the cheeks and lips, the alveolar arches, and the

nasal passages. In it the palate arises as a horizontal

partition, which grows from each side across its cavity,

dividing the nasal from the oral cavity. Sometimes this

partition fails to unite with its fellow in the middle line,

giving rise to the malformation called cleft palate. The
bottom part of the pouch of the stomodseum project^

through the tissue which is forming the base of the skull,

and fuses with the hypophysis to form the pituitary body.

The pharynx (see vol. vii. p. 222) is the part of the

alimentary canal which lies in front of the continuous

coelomic cavity, having on each side of it the
Mouth

remains of the primitive upper aortic arches,
^

which in man have become the carotid arteries. It was
in early embryonic life the region of visceral clefts like

those which persist in fishes, but these disappear in man,

except the first, which remains as the outer ear passage

and the Eustachian tube. The teeth, described in vol. vii.

p. 232, are papillse of the same order as those of the skin,

only differentiated because they are more discrete, larger,

and arise on the dermis covering the jaw arches. Irfvesti-

gators are not agreed as to the nature of heterodontism

—

some (Osborn and Cope) teaching that the multituber-

culate molar has originated from the development of

secondary tubercles on an originally simple protocone.

Others, like Bose, believe the compound teeth to arise

from the fusion of several papillae. The balance of

evidence is in favour of the latter view. Some mammals,
such as the porpoise and other toothed whales, have but

one dentition of homodont teeth ; these are all animals

with long narrow jaws and simple dental papillae. In
others, which are heterodont, all the first set persist

together with several premolars of a secondary set. In
others the milk set of teeth are replaced; but the permanent

molars, which are the latest part of the primary dentition,

persist and are not replaced, as in man. Man is descended

from mammals which had three incisors on each side of

each jaw, and three premolars. In all the primates, how-

ever, the lateral incisor has aborted, leaving only two ; and

likewise the hindmost of the premolars has generally
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vanished, although a rudimental tooth in this position has
been described by Fraser as a not uncommon anomaly
among black races {Proc. Gcmh. Philos. Soc. 1900). In
the lower races of mankind the teeth are large, and this

can be measured by the comparison of the length of the
five molar teeth with that of the basicranial axis. The
former is over 44 per cent of the latter in the black races

;

under 42 per cent, in the whites. The human soft palate

has a uvula (vol. vii. p. 223), which is absent in most
mammals. This pendant acts as a sentinel at the passage
Irom the mouth to the pharynx, and is needed because of

the upright position of man and because in him the

glottis, or top of the air passage, is not prolonged up so as

to project into the nasal region of the pharynx above the

velum, as it is in the majority of animals.

Concerning other parts of the digestive canal, further research
on the oesophagus will be found in the papers of Birmingham,
Journal of Anal, xxxiu. p. 10, and StraiiU Arch,f Anat u. Phys.
1889. For the minute structure of the stomach, see Langley,
Journal of Phys. 1882, and Muller, Vcrhandl. d, hioL Verein,

Stockholm, 1891-92. For a discussion on the position of the
stomach, see Lesshaft in Yii chow’s ArcM% 1882. On the caecum
see Treres, Mtmtenan Zectures^ 1885. Recent descriptions of the
structure of the villi of the small intestine will bo found in Paneth,
Arch. f. mikro^. Anat. 1888 ;

and on the study of the pancreas
see Podrwyszot/ky, Arch. f. vvikrosp. Anat. 1882. The lobes of

the liver and their embryonic relations have been described by
Thomson, Journ. of Anat xxxiii. p. 546 ; on the structure of the
liver see Retzius, Piol. Untersuch., Stockholm, 1892, and Shore,

Journ. of Physiol. 1889.

In the foetal intestine the duct of the umbilical vesicle

communicated with the region which becomes in the adult

Intestine
lower part of the small intestine. In

n es me.
disappears completely, but occasionally

the terminal part of the duct persists as a short blind tube

which is called MecheVs diverticulum. The differentiation

of the lower end of the alimentary canal as a large

intestine begins in the lower vertebrates. That part

which in the quadruped is lowest and most depending

becomes distended by the accumulation of waste or faecal

materials, and when this differentiation is established, the

beginning of the large gut

is usually marked % the

development of a blind

pouch or ccBcmn. In the

human embryo this is a
tapering conical sac, but

when, after the assumption

of the upright position, the

caecum changes its position

and sinks down on the right

side into the iliac fossa, the

base of this becomes dis-

tended and is called the

caecum, while the originally

fusiform extremity narrows

and becomes the vermiform
Fig. 9.—Caecum and vermiform appeudix (Fig. 9), often the
appendix ofhuman mtestoe.

ous inflammatory process—another of the penalties we pay

for the advantage of the upright position.

A series of peculiar glandular masses in the body differ

from the true secreting glands in having no separate

ducts. It is generally believed that these pour

their secretions directly into the blood, and it is
^ *

certain that in most cases disease or ablation of

these organs produces specific effects on the composition of

the blood and on local nutrition. These organs are (1) the

spleen (vol. i. p. 907), whose essential structure (Fig. 10)

consists of a mass of adenoid connective tissue, with a fibro-

muscular capsule, into whose meshes capillary and other

blood-vessels open (a good description of its tissue is given

by Klein, Quart. Joum. of Micros, Sc. 1875)
; (2) the

thyroid body, which arises as a diverticulum from the

fourth branchial cleft on each side and medially from
the fundus of a pouch whose opening remains in vestige on
the back of the

tongue, as in the ^

foramen coBcwm. It

consists essentially

of a number of

closed follicles

lined with epithe-

lium, embedded in

a vascular connec-

tive-tissue matrix

(see Baber, Phil.

Trans. 1876 ;

Biondi, Archiv.
Ital, de Biol.

1892). (3) Em-
bedded in the thy-

roid are the para-

thyroid bodies, of

Fig. 10 —Section of thp spleen, seen under a low
po'wer. A, tibrous capsule ; Z», trabeculas ; c, Mal-
pighian corpuscles; d, blood'-vessels , e, spleen-

pulp.

which there are two on each side, differing in the details of

structure from the thyroid (see Welsh, Journ. of AnaL
xxxii. 292). (4) The thymus, transitoiy in man, but per-

sistent in other animals, is derived from a diverticulum of

the third branchial cleft (see Watney, Phil. Trans. 1882 ;

and Symington, Journ. of Anat. xxxii. 278). (5) The
suprarenal hody^ placed above and on the inner side of the

kidney. (For its structure see Bolleston, and for the develop-

ment, Minot, Embryology^ p. 485.) (6) pituitary body
above the body of the sphenoid is formed partlyfrom the end
of the infundibulum of the brain and partly from the fundus
of the stomod^um. For its structure see Schonemann in

Virchow’s Archiv, 1892. Other structures of the kind

which are rudimentary in man are (7 )
the carotidglands and

(8) the coccygeal body. (Described by Lusebka, Virchow’s

ArchiVj 1860 ;
Beichert’s Archiv^ 1862 ;

and Schaper,

Schultze’s Archiv, 1 892. See also Arnold, Virchow’s Archi y,

1866.) The haemolymph glands which lie in the hilum of

the kidney are also structures of this class. (See

Drummond, Journ. of Anat. 1900.)

V. The vascular system has been described in vol. i.

p. 899, and most additions to our knowledge have been

in matters of detail. The development of the heart has

been revised by Born. The morphology of the venous

system has been carefully studied in detail by Hochstetter

{Anat. Anz. 1887-88 ;
Morpholog, Jahrh. 1891). For the

arterial system see Eichholz in Journ. of Anat. 1895,

and Mackay, Proc. Philos. Soc. Glasgow^ 1887.

The histological elements of blood are described in vol.

i. p. 845. It has since been shown that white corpuscles

do not constitute a homogeneous category, but
stood

under this name at least six diverse forms are

present in healthy blood. The points of difference are

size, shape, and disposition of nucleus; nature of cell

reticulum; and composition of the contained granules

as shown by their different reactions with staining media.

The following are the chief varieties :

—

(1) About 70 per cent, of the corpuscles have polymorphic, many-
lobed nuclei which often seem to break up into three or four

distinct masses (hence these have been named polynuclear). The
cells are moderately large and stain readily, the protoplasm reacting

to acid stains while the OTanules are neutrophile. (2) About 2

cent, of corpuscles, similar to the last in most aspects, differ by
containing a peripheral stratum of granules which stain deeply

with eosin. (3) About 1 per cent, are mononuclear, of much larger

size, the single nucleus being large, oval, and excentric ; the proto-

plasm is free from granules and weakly basophile. (4) About 4 per

cent, of the total are intermediate in characters between those of

the first and third orders ; they are smaller than the typical mono-

nuclear leucocytes, and have a bilobed nucleus which stains more
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deeply tlian that of the Ust £,aoap. iNeutrophile gianulcs are

sparingly present in the protoplasm, (5) A very small number
(less than 0 5 per cent. ) are sharply marked off from the first order

by possessing intensely basophile granules unequal in size and
irregular in distribution ; when acted on by certain stains they

exhibit tints characteristically different from those which the same
stains produce in other corpuscles. (6) Lymphocytes (about 23

per cent.) are bodies quite distinct from any of the foregoing

orders. They are small, about the size of red corpuscles, and con-

tain a large round nucleus, marked as if made of concentric layers,

and staining uniformly. It is surrounded by a thin protoplasmic

layer whose reticular structure is easily brought out by basic stains.

The discrimination of these various foims and their abnormal
modifications is regarded as important in modern pathology (see

Ehrlich-Lazarus, Ancenm, Vienna, 1898, pt. 1.)

VI. Miminative Organs-—The urinary and reproductive

organs are inseparably united in man as in all vertebrates.

The former consist of tbe kidneys and tbeir ducts—the

'ureters, the urinary hladder, and the urethra. The latter,

in the male, of the testes, vesiculce seminales, va^a def&i*entia,

and the prostatic and anteprostatic glands. In the female

the organs are ovary, Fallopian uterus, and vagina,

and the several folds which bound the vaginal opening.

There is embryological evidence that the kidneys aie

specialized organs whichTbave originated at a comparatively

late period of vertebrate phylogeny. In the elementary

condition of urogenital organs found in segmented in-

vertebrates the sex-gland is only a specialized areii. of the

lining epithelium of the coelom (vol. xx. p. 408), and the

sex-products, ova or spermatozoa, arising from the germinal

epithelium are shed into the body cavity. A communica-
tion between the body cavity and the surrounding medium
exists in the form of a segmental tube or nephridium on
each side of each segment. These are not only the channels

of escape of the sex-products, but are also, in general,

excretory organs. In the earlier stages of the lower

vertebrates the presence of segmental nephridia can be
demonstrated, one portion, a head-kidney or pronephros,

arising in some of the anterior segments, and a second,

or mesonephros, in the segments at a level farther

back. These segmental tubules open internally into the

coelom and outwardly into a lateral canal which runs
longitudinally and ends posteriorly by opening into the
cloaca. The longitudinal tube connected with the
pronephros is known as the pronephric or Mullerian duct,

that connected with the mesonephros or Wolffian body is

named the mesonephric or WolflSan duct. In man, as
in all the amniota, there arises at an early period of
development a third group of nephridiah tubules, the
metanephric, which by their aggregation make up the
metanephros or kidney. * That these are the result of a
high degree of specialization is obvious from the fact that,

while in the cases of the pronephros and mesonephros the
nephridia and the longitudinal ducts arise independentlyand
unite after they have attained a considerable degree of
development, in the metanephros the tubules are from
the first offsets from the metanephric duct or ureter, which
itseK arises as an offset from the mesonephric duct. In
man there is never any trace of a pronephros, but the
pronephric duct is distinct. The mesonephric tubules
rapidly lose all traces of their secreting portions, and
appear only as a vestigial structure, rudimentary in the
female

;
but they become in the male specialized as

channels for the tiansmission of the sex-products. The
kidneys are two bean-shaped granular masses, firm in
consistence and reddish-brown in colour, about inches

placed obliq^uely behind the other abdominal
viscera—one on each side of the last thoracic and three
upper lumbar vertebrae. Each is imperfectly covered on
its ventral surface by peritoneum, and is moulded to some
extent by the viscera which press on it. Around them
there is usually a considerable amount of fat and areolar
tissue, by which as well as by the peritoneum and by the

presence ot the suiiounding risccra, the kidneys arc retained

in their place. In r«ire cases the kidney may slip from its

usual place in the loins to a lower position, and may even

be movable in the abdominal c<ivity—a condition often pro-

ductive of serious consequences. The kidney in

the ftetus is lobulated, but the intervals between
the lobes become smoothed out m later years of childhood.

Each gland is invested by a fiirn, closely-adhercnt, fibrous

capsule, under which is an imperfect lamina of unstriped

muscle. The inner and vential margin of each kidney is

concave, and into this hdum or concavity the lenal artery

from the aorta passes. Here also the lenal vein escapes

and joins the vena cava inferior. The ureter or meta-
nejihric duct, always behind and below the blood vessels,

emerges here and passes backwards to the bladder. When
the kidney is longitudinally divided from hilum to outer

edge, the cut surface is seen to consist of two parts—an
outer cortical layer, and an inner or medullary mass (Fig.

11). The latter consists of a series of eight to sixteen

pyramids, wlioso bases and sides are invested with cortical

matter and whose apices or papillae project into the hilum,

where they are severally surrounded by membranous tubes

(calyces), which by their union make up the ureter. The
part of the ureter situated in the hilum is dilated, and is

named the pelvis of the kidney.

In minute structure the ludney is the most complex
gland in the body. Each of the papillae consists of a large

number of stiaight tubes which open by pores on its

surface. When these are traced into the pyramid they
are seen to divide several times, their fine end-branches

projecting in little tufts into the cortical matter at the
b^ise of each pyramid. Here the branches coming from
the tube change in structure and become convoluted in
the cortex. Next, each suddenly dips back again as a long
straight loop into the pyramid, reaching nearly to the

papillary 'region; then turning sharply on itself, passes

back straight to the cortex, where it again becomes con-

voluted, ultimately ending by dilating into a flask-like

bnlb. The renal arteyy, after breaking up into branches
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between the pyramids, ends in minute end-arteries in the

cortex. Each of these pierces into one of the flasks just

described, and there becomes branched, the branches being
collected into a little ball or glomerulus which nearly fills

the flask. From this an efferent vessel escapes, which,

joining with its neighbouring vessels of the same kind,

makes a close netwoik aiound the convoluted tubes,

ultimately ending in the renal vein. It is supposed that

the different constituents of the mine are eliminated in

different parts of these tubes—some, especially the wateiy’-

parts, in the flask, and some, especially the more solid

constituents, in the convoluted tubular apparatus. A
peculiar form of glandular epithelium lines the two
convoluted areas of the tubes, and the limb of the loop

nearer the straight or collecting tubes.

The ureter or duct of the kidney begins at the hilum
and descends on the back wall of the abdominal cavity to

open into the bladder. It is usually about 12 inches in

length and as thick as a gopse quill. At its termination

it passes obliquely through the coats of the bladder, so

that when the bladder is distended the lumen of its end is

closed. The urinary bladder is a membranous bag lying

in the pelvic cavity directly behind and above the dorsal

surface of the pubes. In the foetus and infant,

however, the bladder lies in the abdomen, notin

Urethra pelvis. During life it is seldom distended so

as to hold more than about 10 oz., but when the

abdomen is opened it can be dilated to more than double

that size. When distended it rises and is applied closely

JFig 12.—^Verticj.1 faection through pel> ib, showing urinary bladder and rectum
171 situ. 1, peritoneum; 3, pubic symphysis; 3, muscular coat of

bladder ; 5, mucous membrane folded and wrinkled ; 6, opening of ureter

;

b, prostate ; 10, vena dorsalis penis ; 12, corpus spongiosum ; 14, testis in

its sac; 15, bulboca\ emosus muscle; 16, bulb; 17, sphincters of the
anus

, 22, anal opening ; 30, coccys. ,
vesieula senunalis.

against the back of the ventral abdominal wall. The
bladder has a strong muscular investment of unstriped

muscle in several layers, which are innervated by branches

from the sacral nerves. It has a peculiar epithelial lining

of several strata, the superficial cells of which are cubical

when the sac is collapsed, but becoipe flattened and scale-

like when it is distended. The bladder is developed from

the portion of the sac of the embryonic allantois, which is

in contact with the cloaca. The two ureters open by
small oblique apertures into its base, closely behind the

opening of the urethra. The wrethra or excretory channel

from the bladder is a narrow tube, 8J inches long in the

male, whose walls are in apposition except when fluid is

passing along it. It begins at the lowest part of the

bladder and foi its first inch and quarter passes through

the prostate gland and is directed vertically downwards
The hinder wall ot this portion is laised into a ridge, the

colUmlus seminalfb, on each side of which the seminal

ducts open. The second pait is membranous, about

-I
inch in length, and directed forwards below the pubes,

where it is fixed by passing through the tiiangular inter-

pubic ligament- The thiid pait is that which lies in the

penis, and it is surrounded below and laterally by an
erectile enveloping body, the cm^pus sjionyiomm urethrae.

This body begins behind m a thickening, the bulb of the

urethra, and ends in the glan^ penis^ which is perforated

by the urethra. Above the urethra in this stage lie the

two cmpat'a cai^emosa penis. The uretlnal orifice is usually

the narrowest part of the canal. The female uretlira is

only inch in length, and is compaiable only with that

part of the male urethra which extends from the bladder

to the openings of the seminal ducts (Fig. 12).

VII. Reproductive Organs.—^In the human male these

are the testes and their ducts, the latter being the modified

mesonephric or Wolffian tubules and ducts ot the toatus

In the female they consisfi of the ovaries and the tubular

system appended to them, which are formed from the

modified Mullerian ducts. In each sex the tubular system

which is not functional is repiesented in rudiment. Both
ovary and testis are specializations of the area ot geiminal

epithelium ot the tcetal cmlom. In the ovary these

germinal cells become grouped in numerous
clusters, in the centre of each of which is a
cavity, the Graafian vesicle^ containing a central cell larger

than the others, which is a primitive ov%im. Each of

these is about y-j^th inch in diameter, and it has been
computed that there aie about 30,000 in each ovary of

a female child at birth. These Graafian vesicles are

embedded in a mass of connective tissue which is called

the stroma of the ovary, the whole ovary being a small oval

body about 1J inch long by about ^ inch in thickness.

The ovaries axe placed one on each side in the pelvic cavity,

each within a fold of peritoneum, called the broad ligament.

Close to each ovary lies the open and fringed end of a
duct, the FallopwAi tube., which is contained in the upper

edge of the broad ligament and directed inwaids to open

into the uterus. This is a pyriform organ lying in the

middle of the pelvic cavity, having the bladder on its

I
ventral aspect, the rectum on its dorsal, and the two broad

ligaments one on each side. The uterus, when not con-

taining a foetus, is about 3 inches in length, nearly 2 inches

in breadth, and 1 inch in thickness. It has a very thick wall,

mostly made up of unstriped muscle, and a veiy small

cavity which appears somewhat triangular in vertical

section. Its lateral basal angles are at the openings

whereby the Fallopian tubes communicate with it, and its

apical inferior angle is at the neck or cervix uteri. This

cervix projects into the upper part of the vagina, which

is a membranous passage that opens on the surface.

The uterus and Fallopian tubes are modifications of

the Mullerian ducts and of the part of the cloaca into

which these ducts open. The vagina and the folds which

surround its external opening are the modifications of the

urogenital sinus and its marginal folds to be referred to

below.

The ova are during mature life periodically shed by

rupture of the Graafian follicles when these become ripe.

These are received into the open mouths of the Fallopian

tubes, by which canals they are conducted into the nterus,

where if fertilized they develop, but if not fertilized they

are extruded. Before fertilization each ovum undergoes a

process of cell division by which it extrudes a ^rtion of

its nuclear substance and particularly a portion of its



406 ANATOMY
cliTomosoines. Tiie act of fertilization consists in the

reception by the ovum of certain nuclear masses, including

chromosomatic substance, which unites with the nuclear

substance and chromosomes of the OYum to form a new

complete nucleus.

The testis or male sex gland is also developed from the

germinal area of the coelom. Nests of cells derived from

the germinal epithelium become clustered and surrounded

with a stroma of mesoblast into which the Wolffian tubules

penetrate, ultimately becoming a tubular system, whose

terminal roots enclose the cell nests as a lining

epithelium. When first formed the testes lie in

the lumbar region of the foetal abdomen above and

internal to the kidneys, but from this site they begin to

migrate about four months before birth. They reach the

abdominal wall in the groin in two months, and there each

passes through an oblique canal (the inguinal canal) in the

muscular and fibrous wall of the abdomen and descends

into the scrotum, which is a loose bag of skin formed by
the lateral lips of the urogenital sinus (which long before

this period have united medially). This descent is gener-

ally completed a month before birth. Along with the

testis a tubular pouch of the serous lining of the abdomen
is prolonged into the scrotum, which, when the descent is

complete, becomes obliterated at the place where it

traverses the abdominal wall, though remaining below as

an envelope of the testis. The region of the inguinal

canal is always the weakest spot in the abdominal wall,

and it is along the track of the descended testis that those

protrusions of the abdominal viscera, called hemicB^ are

most liable to occur. As it is the assumption of the

upright position which places the inguinal canal at the

lowest part of the abdomen, this tendency to hernia is

another of the penalties which man pays for the advantages

of a bipedal progression.

The testis in the adult is made up of a great mass of

convoluted tubules arranged in about 200 lobules, and the

whole mass is included in a tough fibrous tunic. The
lining epithelium of these semin^ tubes by a special

method of cell division gives rise to the male elements or

spermatozoa, which are minute thread-like bodies consisting

of a small oval head, about ^ slender

middle-piece nearly as long, and a hair-like flagellum or

tail tapering to a fine point and measuring -g^th inch
The tubular system whereby these and the fluid in which
they float are conveyed away is derived from the Wolffian

tubules, which open into the Wolffian duct, now called

^as deferens. Owing to the new position assumed by the
testis, this duct has to ascend from the scrotum, to pass

through the inguinal canal, and then to descend into the
pelvic cavity in order to gain the flirst part of the urethra,

into which it opens. Close to the urethral extremity of

each vas deferens, and on its outer side is an irregularly

pyriform pouch, the vesicula seminalis^ to store the secretion

from the testis.

In early foetal life the terminal openings of aU the
excretory tubes—intestinal, urinary, and genital—unite
and reach the surface by a single sHt-like orifice. This
condition, which is persistent in the monotremata and
Different lower vertebrates, is transitory in man and
tiation of the higher mammals. When first formed, the
external hinder end of the gut, with its appended
sex organs,

allantois, has no external aperture, but at an
early date in the embryonic history a pit of the surface

integument, which is named the proctodoeumy dips in on
the ventral side of the vertebral column, and its bottom
layer comes in contact with the gut close to its extreme
blind end. Soon the membrane separating this pit firom

the gut ruptures, and the cloaca is formed. During the
second month of foetal life a transverse ridge, formed by a

downgrowth of the ventral wall of the lower end of the gut,

shuts oflf the allantois from the intestine and divides the

cloaca into a ventral or urogenital regioUy and a dorsal or

anal. By the third month this partition has thickened

into a definite band of integument which is called the

perincenjuni. The urogenital sinus is a slit-like space into

which open the allantois, the Wolffian and Mullerian ducts

apd the ureters. At the ventral end of its aperture an

eminence, the tuberculumi genitaUy rises, deeply grooved on

its dorsal surface
;
and from the lower edge of each lip of

the groove a marginal vestibular ridge descends on each

side of the opening of the sinus to unite with its fellow

at its dorsal extremity. On each side, external to this

vestibular ridge, the skin at the margin of the urogenital

sinus forms a prominent lip, maldng the opening appear

as a longitudinal fissure. So far the process of develop-

ment is identical in the two sexes, but at this point

differentiation occurs. In the female the tuberculum

genitale becomes the clitoris, and the vestibular and
marginal folds respectively the labia majora and minora.

In the male the vestibular folds unite in the median line,

except at their ventral extremity, thus closing in the canal

which forms the second and third parts of the urethra, and
in the combined under-wall thus constituted erectile tissue

develops, forming the corpus spongiosum urethrae above

described. The terminal ventral opening becomes the

meatus urinarius. The two cutaneous outer lips also fuse

together medially, making the scrotum. The bilateral

tuberculum genitale becomes by the development of

erectile tissue the corpora cavernosa penis. In each sex

the tubular system which does not become functional

leaves vestiges which discharge no function. In the female

the Wolffian tubules remain as a series of linear streaks

in the substance of the broad ligament, the epoopkoron.

In the male the Mullerian ducts leave two vestiges, a
minute saccule appended to the top of the testis, and a
minute pouch, the sinus pocularisy in the colliculus

seminalis of the urethra. This latter corresponds to the

cavity of the uterus in the female, a correspondence which
is rendered more striking as this pouch and the adjoin-

ing portion of the urethra are surrounded by a mass of

unstriped muscle, with some gland tubes included in it, to

which the name prostate is given. This organ is about

the size and shape of a chestnut.

Taiiability of the Human Body,

No two human bodies are alike in their organization,

and there is no organ in the body which is not liable to*

vary. Some parts, however, are especially liable to

abnormalities, more especially those which have the most
complicated developmental history, those which derive

their origin from more than one component, which pass

through several stages and are late in arriving at their full

development. Of those organs which occur in series, the

terminal members are more variable than the intermediate.

Organs do not vary indifferently in every direction
; there

are some conceivable forms of variety which never occur,

others which are common- Nor can variations be reduced

to a continuous series. Some of them are sudden breaks,

between which and the normal no intermediate links are

known.
Most varieties are individualistic, depending on condi-

tions of nutrition or environing circumstances affecting

development. A few,* such as the development of a third

incisor or third premolar, seem to be atavistic, but atavism

has been invoked in many cases to which it does not apply.

The vascular system is the most, and the nervous the least,

variable. The muscular and skeletal systems occupy inter-

mediate positions. The literature of anomalies is very

large. The general subject is dealt with in the Robert
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Boyle Lectv/re^ Oxford, 1894; see also Monster (ETvey.

Brit, voL xvi. p. 762) and Bateson, Materials for the

Study of Variation^ 1895.

History of Ancubomy.—^To the detailed history given in vol. i. pp.
799 ei scyq,, it is only necessary to add that recent researches on
the early history of anatomy will he found in the several articles
entitled “ Archieologia Anatomica ” in the Journal ofAnoiomy for

1898, 1899, and 1900.

Anatomy of Plants.

The term “Anatomy,” originalLy employed in biological

science to denote a description of the facts of structure
revealed on cutting up an organism, whether with or with-
out the aid of lenses for the purpose of magnification, is re-

stricted in the present article, in accordance with a common
modern use, to those facts of internal structure not con-
cerned with the constitution of the individual cell, the struc-

tural unit of which the plant is composed. Bor a description

of the cell itself, the article Cytology must be consulted.

In all but the very simplest forms the plant-body is built

up of a number of these cells, associated in more or less

definite ways. "In the higher (more complicated) forms
the cells differ very much among themselves, and the body
is composed of definite systems of these units, each system
with its own characteristic structure, depending partly on
the characters of the component cells and partly on the
method of association. Such a system is called a tissue-

system, the word tissue being employed for any collection

of cells with common structural, development^, or func-

tional characters to which it may be conveniently applied.

The word is derived from the general resemblance in the

texture of plant substance to that of a textile fabric, and
dates from a period when the fundamental constitution of

this substance from individual cells was not yet discovered.

The study of tissues is known as Histology, and it is with
this that the present article is necessarily mainly concerned.

The method of treatment will be evolutionary ; that is to

say, an endeavour will be made to trace the gradual steps

through which the more complicated tissue-systems of the

various groups of plants have been developed from simple

cell-collections, during that descent of the more complicated

from the simpler plants which constitutes the fundamental
postulate of the comparative study of form in modern
biology. The terms Tuorphology and morphological will be
used throughout wherever such comparative consideration

with this evolutionary implication is involved. It must be
understood, however, that the evolution of form is invariably

governed by the vital needs of the organism, so that a con-

sideration of the vital relations of the plant to its surround-

ings, and of the actions and functional relations of its organs

and tissues, is an indispensable condition of the construction

of a real and intelligible morphology. In this way our
outline of morphological anatomy will involve an outline

of physiological anatomy.

It will easily be realized that since the plant-body con-

sists entirely of tissues, through which all its functions are

performed, an account of the evolution of plant-tissues is

nearly equivalent to an account of the evolution of plants.

Our task wUl be simplified, however, by the omission of

direct reference to the tissues of the specialized reproductive

organs, for which the reader is referred to the articles on
the different groups of plants. Even so it must be
apparent that in the present article nothing but the barest

sketch of the subject, in which much is left out and many
topics are treated dogmatically, is at all possible. The
articles Botany {Ency.Brit, vol. iv. pp. 85-93, and 99-108),

and Histology, Vegetable (vol. xii.), give good general

accounts of the nature of vegetable tissues, particularly in

the flowering plants, and in the former are many figures,

for the most part admirable, illustrating histological
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structure, which the reader may consult with advantage.

Much of the terminology and some of the descriptions are,

it is true, out of date, a result that must always soon occur

in a very rapidly advancing branch of science, as plant

anatomy was twenty years ago. The morphological point

of view, as sketched above, has been fully applied to plant-

tissues only in very recent years, so that in an article of

earlier date it is only natural that the provisional nature

of descriptive terminology should become very apparent
after the lapse of a few years.

An account of the structure of plants naturally begins

with the cell, which is the proximate unit of organic

structure. The cell is essentially an individualized mass
of protoplasm containing a differentiated protoplasmic
body, called a nucleus. But all cells which are permanent
tissue-elements of the plant-body possess, in addition, a
more or less rigid limiting membrane or cell-wall, consist-

ing primarily of cellulose or some allied substance. It is

the cell-walls which connect the different cells of a tissue,

and it is upon their characters (thickness, sculpture, and
constitution) that the qualities of the tissue largely depend.
In many cases, indeed, after the completion of the cell-wall

(which is secreted by the living cell-body) the protoplasm
dies, and a tissue in which this has occurred consists solely

of the dead framework of cell-walls, enclosing in the
cavities or lumhia originally occupied by the protoplasm
simply water or air. In such cases the characters of the
adult tissue clearly depend solely upon the characters of

the cell-walls, and it is usual in plant anatomy to speak
of the wall with its enclosed cavity as “the cell,” and
the contained protoplasm or other substances, if present,

as cell-contents. This is in accordance with the original

use of the term “cell,” which was applied in the 17th
century to the cavities of plant-tissues on the analogy of

the cells of honeycomb. The use of the term to mean the
individualized nucleated mass of living protoplasm, which,
whether with or without a limiting membrane, forms primi-

tively the proximate histological element of the body of

every organism, dates from the second quarter of the 19th
century. We proceed to a systematic account of the
anatomy of the different groups of plants, beginning with
the simplest, and passing to the more complicated forms.

Thallophyta.

The simplest members of both the Algse and the Fungi
(q-v.), the two divisions of the Thallophyta, the lowest of

the four great groups into which the plant - kingdom is

divided, have their bodies each composed of a single celL

In the Algae such a ceD. consists essentially of—(1) a maiss

of protoplasm provided with (2) a nucleus; and (3) an
assimilating apparatus consisting of a coloured protoplasmic
body, called a chrornatophore, the pigment of which in the
pure green forms is chlorophyll, and which may then be
called a chloroplctst. The whole is covered by the cell-

membrane (Fig. 1 A). It is from such a living and assimi-

lating cell, performing as it does all the vital functions of

a green plant, that, according to current theory, all the

different cell-forms of a higher plant have been differen-

tiated in the course of descent.

Among the Green. Algae the differentiation of cells is compara-
tively slight. Many forms, even when multicellular, have all their

cells identical in structure and function, and are often
spoken of as “ physiologically unicellular. *’ The cells

are commonlyjoined end to end in simple or branched f^fcati&tloa
filaments. Such differentiation as exists in the higher
types mainly takes two directions. In the fixed forms,
the cell or cells which attach the plant to the substratum often
have a peculiar foim, containing less chlorophyll, and constituting

a rudimentary fixing organ or rhizoid (Fig. 1 C3). In certain types
living on damp soil, therhizoids penetrate the substratum, and in
addition to fixing the plant absorb food substances (dissolved
salts) fcom the siibstratum {(Edocladium, Fig. 1 D).
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Fig. 1.—Exampijes of the Disfehentiation of Tissue in Peanis.

A, Cell (individual) of the unicellular Green Alga PUurococcfus^ as an
example of an undifferentiated autonomous assimilating celL pn. Cell proto-

plasm; it., nucleus; cW., chloroplast; c-ow., cell-wall.
^ ^

B, Plant of the primitive SiphOneous Green Alga ProtosipTion hotryoides.

The primitive cell sends colouness tubelets (rhizoids, rh.) into the mud on
which it grows. The subaerial part is tubular or ovoid, and contains the

chloroplast (chlX There are several nuclei.

C, Base of the multicellular filamentous Green Alga Chcetomorpha cerea.

The basal cell has less chlorophyll than the others, and is expanded and fixed

firmly to the rock on which the plant grows by the basal surface, rh,, thus
fonning a rudimentary rhizoid.

D, Part of branched filamentous thallus of the multicellular Green Alga
(Edodadium protOTiema. cr. ax., Green axis creeping on the surface of damp
soil; rh,, colourless rhizoids penetrating the soil; osc. ax., ascending axes of

green cells.

E, Vertical section of frond of the complicated Siphoneous Green Alga
Halimeda. The substance of the frond is made up by a single much-branched
tube, with interwoven branches, cond. med., Longitudinally running com-
paratively colourless central (medullary) branches, which conduct food sub-
stances and support the (ass. cor.) green assimilating cortical branches, which
are the ends of branches from the medulla and fit tightly together, forming
the continuous surface of the plant.

P, Section through the surface tissue of the Brown Alga Cutleria mulUjida,
showing the surface layer of assimilating cells densely packed with phseo-
plasts. The layers below have progressively fewer of these, the central cells

being quite colourless.

G, Section showing thick-walled cells of cortex in Brown Alga (sea-

weed). Simple pits (p.) enable conduction to take place readily from one to
another.
H, Two adjacent cells (leptoids) ofa food-conducting strandin Ftt«w(a Brown

seaweed). The wall betweenthemis perforated, givingpassage to coarse strands
of protoplasm.

I, End of hydroid of the thalloid Liverwort Pallavioinia, showing the thick
lignified wall penetrated by simple pits.

J, End of hydroid of the Moss Mnimi, showing particularly thin oblique
end-wall. No pits.

K, Optical section of two adjacent leptoids of the Moss Polytridh'im juni’
pcrimm. The leptoids are living and nucleated. They bulge in the neighbour-
hood ofthe very thin cross-wall. Note resemblance to K and i?.

L, Optical section of ceU of conducting parenchyma m the same moss.
Embedded in the protoplasm are a number of starch grains.

-M, Part of elongated stereid of a Moss. Note thick walls and oblique slit-

like pits, with opposite inclination on the two sides of the cell.

N, One side of end of hydroid (traeheid) of Pteridophyte, with scalarifomi
pits.

O, Optical section of two adjacent leptoids (sieve-tube segments) of Pteri-
dophyte, with sieve plates (s. pi.) on oblique end-wall and side-walls.

P, Part of spiral hydroid (traeheid) of Phanerogam.
Q, Three segments of a “pitted’* vessel of Phanerogam.
•R, Optical section of leptoid (sieve-tube segment) or Phanerogam, with two

proteid (companion) cells, s. pt., sieve-plate.

S, Optical section of part of thick-walled stereid of Phanerogam, with
almost obliterated cavity and narrow slit-like oblique pits.

T, Part of vertical section through bfade of typical leaf of Phanerogam.
14.6., Upper epidermal cells, with (c) cuticle, (p.) assimilating (palisade) cells.

sp. ,
Assimilating (spongy) cells, with large lacunae. l.e., Itower epidermis, with

St., stoma.
U, Absorbing cell, with process (root-hair) from piliferous layer of root of

iphanerogam.
V Endodermal cell of Phanerogam, with subetized central baud on radial

an^ transverse walls.

The second type of differentiation is that between supporting
axis and assimilating appendages. The cells of the axis are

commonly stouter and have much less chlorophyll than those

of the appendages. This differentiation is parallel with that

between stem and leaf of the higher plant. In the group of

the Siphonese both these ty*pes of differentiation may o.\ist

in the single, long, branched, tube -like, and inultiiiufleate

cell wliioh here forms the plant-body, rrotosiphon (Fig. 1 B)

is an example parallel with (Edudadimn ; Eryopsis, with JJrapar

naldia. In Caulerjja the imitation of a higher plant by the

differentiation of fixing, sup jiorting, and assimilating organs

(root, stem, and leaf) from different branches of the single cell

is strikingly complete. In the Siiihoneous family of Cod laccvc

(Fig. 1 E) the branches of the primitive cell become conhidcrably

interwoven one with another, so that a dense tissue-like structure

is often produced. In this we get a fiuther differentiation bo-

tw-een the central tubes (branidies of the jirnnitive ceil), which run

in a longitudinal direction through the body, possess little or no
chlorophyll, and no doubt serve to conduct food substances from
one region to another, and tlie peripheral ones, w Inch are directed

perpendicularly to the surface of the body, ending blindly there,

contain abundant chlorophyll, and are the assimilating organs.

N'ono of the existing Red Seaweeds has a unicellular body. The
thallns in all cases consists of a branched filament of cells placed

' end to end, as in many of the Green Algas. Each bianch grows
simply by the transverse division of its apical cell. The branche.s

may be quite free or they may be united laterally to form a solid

body of more or less hrm and compact consistency. This may
have a radial stem-like organization, a central cell-thread giving off

from every side a number of short sometimes unicellular branches,

which together form a cortex round the central thread, the whole
structure having a (*ylin(lrical form which only branches when

, one of the short cell-branches from the central thread grows out
1 beyond the general surface and forms in its turn a new central

I

thread, from whose cells arise new’ short branches. Or the

thallus may have a leaf-like form, the branches from the central

threads which form the midrib growing out mainly in one plane
and forming a lamina, extended right and left of the midrib.

Numerous variations and modifications of these forms e.xist. In
any case, while the internal threads which bear the cortical

branches consist of elongated cells with few chromatophores, and
no doubt serve mainly for conduction of food substances, th<?

superficial cells of the branches themselves are packed with
chromatophores and form the chief assimilating tissue of the

plant. In the bulky forms colourless branches fretpiently grow
out from some of the cortical cells, and, pushing among the

already-formed threads in a longitudinal direction, serve to

strengthen the thallus by -weaving its original threads together.

The cells belonging to any given thread may be recognized at an
early stage of growth, because each cell is connected with its

neighbours belonging to the same thread by two depressions or

pits, one at each end. The common wall separating the *pits of

the twm adjoining cells is pierced by strands of protoplasm. The
whole structure, consisting of the twm pits and the wall between,

is knowm as a genetic pit Other pits, connecting cells not be-

longing to the same branch, are, however, formed at a later stage.

Many of the lower forms of Brown Seaweeds have a thallus

consisting of simple or branched cell threads, as in the green and
red forms. The lateral union of the branches to form a solid

thallus is not, however, so common, nor is it carried to so high a
pitch of elaboration as in the Ehodophycese. In a few of the lower

forms (Sphacelariacese), and in the higher forms which possess a
solid thallus often of very large size, the plant-body is no longer

formed entirely of branched cell threads, but consists of what is

called a true parenchymatous tissue, a solid mass of cells, that is

to say, formed by cell division in all directions of space. In the

Laminariace® this tissue is formed by cell division at what is

called an intercalary growing pointy i.e., a meristematic (cell-

dividing) region occupying the whole of a certain zone of the

thallus, and cutting off new cells to add to the permanent tissue

on both sides. In the Fucacose, on the other nand, there is a

single prismatic apical cell situated at the bottom of a groove at

the growing apex of the thallus, which cuts off cells from its

sides to add to the peripheral, and from its base to add to

the central permanent cmls. The whole of the tissue of the

plant is formed by the division of this apical cell. In w'hat-

ever way the tissues are originally formed, however, the main
features of their differentiation are the same. According to a
law which applies also to the green and red forms, the superficial

cells are packed with chromatophores and form the assimilating

tissue. In these brown types with bodies of considerable thick-

ness (Laminariacese and Fucacese) there is, however, a further

differentiation of the internal tissues. The cells immediately
subjacent to the superficial assimilating layer form a colourless,

or nearly colourless, parenchymatous cortex^ which acts as a
food storage tissue, ana surrounds a central medulla of elongated

conducting cells. The latter are often swollen at the ends, so
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tliat the cross-wall separating two successive cells has a larger
surface than if the cells were of uniform width along their entire
length. Cells of this type are often called trurrupet-hyplm^ and in
some genera of Laminariaceae those at the periphery of the medulla
simulate the sieve-tuhes of the higher plants in a striking degree,
even developing the peculiar substance callose on or in the per-
forated cross -walls or sieve -plates. A specialized conducting
tissue of this kind, used mainly for transmitting organic nitro-

genous substances, is always developed in plants where the
region of assimilative activity is local in the plant-body. This
is the case in the Fucacese, and in a very marked degree in the
Laminariacese in question, where the assimilative frorUd is borne
at the end of a long supporting and conducting stipe. The tissue
developed to meet the demands for conduction in such cases
always shows some of the characters described. It is known as
Upt(m, each constituent cell being a leptoid. In addition to the
cell types described, it is a very common occurrence in these
bulky forms for rhizoid-like branches of the cells to grow out
mostly from the cells at the periphery of the medulla, and grow
down between the cells, strengthening the whole tissue, as in the
Khodophyceae. This process may result in a considerable thick-

ening of the thallus. In many Laminariaceae the thallus also

grows regularly in thickness % division of its surface layer,

which thus forms a secoTidary 'nuristem.

The simpler Fungi, like the simpler Green Algae, consist of
single cells or simple or branched cell threads, but among the

j.. _
higher kinds a massive body is often formed, particu-

larly in connexion with the formation of spores, and

tiaiion “a
exhibit considerable tissue -differentiation.

Puniri
^

characteristic feature of the fungal vegetative plant-
^ ’ body {mycelium) is its formation from independent

ccenocytic tubes or cell threads. These branch, and may be
packed or interwoven to form a very solid structure ; but each
^ows in length independently of the others and retains its ow-n

individuality, though its growth in those types with a definite

external form is of course correlated with that of its neighbours,
and is subject to the laws governing the general form of the body.
Such an independent ccenocytic branch or cell thread is called a
liypha. Similar modes of growth occur among the Siphoneous
green and also among the red seaweeds. A solid fungal body
may usually be seen to consist of separate hyphse, but in some
cases these are so bent and closely interwoven that an appearance
like that of ordinary parenchymatous tissue is obtained in section,

the structure being called pseudoparcTichyma. By the formation of

numerous cross-walls the resemblance to parench;^ia is increased.

The surface-layer of the body in the massive Fungi differs in char-

acter according to its function, which is not constant throughout
the class, as in the Algae, because of the very various conditions

of life to which different Fungi are exposed. In many forms its

hyphse are particularly thick-walled, and may strikingly resemble
the epidermis of a vascular plant. This is especially the ease in

the lichens (symbiotic organisms composed of a fungal mycelium
in association with algal cells), which are usually exposed to

very severe fluctuations in external conditions. The formation
of a massive body naturally involves the localization of the
absorptive region, and the function of absorption (which in the
simpler forms is carried out by the whole of the vegetative part of

the mycelium penetrating a solid or immersed in a liquid sub-

stratum) is subserved by the outgrowth of the hyphae of the sur-

face-layer of that region into rhizoidsj which, like those of the Algae

living on soil, resemble the root-hairs of the higher plants. The
internal tissue of the body of the solid higher Fungi, particularly

the elongated stalks (stipes) of the fructifications of the Agarics,

•consists of hy'phae running in a longitudinal direction, which no
doubt serve for the conduction of plastic food substances, just as

do the “ trumpet-hyphae,'* similar in appearance, though not in

origin, of the higher brown seaweeds. (In one genus (Lactarius)
** milk-tubes,” recalling the laticiferous tubes of many vascular

plants, are found.) These elongated hyphae are frequently thick-

walled, and in some cases form a central strand, which serves to

resist longitudinal pulling strains. This is particularly marked
in certain lichens of shrubby habit. The internal tissues, either

consisting of obvious hyphae or of pseudoparenchyma, may also

serve as a storehouse of plastic food substances.

Looking back over tbe progress of form and tissue-

differentiation in tke Thallopliyta, we find that, starting

from the simplest unicellular forms with no external differ-

entiatioxL of the body, we can trace an increase in complexity

of organization everywhere determined by the principles

of the division of physiological labour and of the adapta-

tion of the organism to the needs of its environment. In

the first place there is a differentiation of fixing organs,

which in forma living on a soft nutrient substratum

penetrate it and become absorbing organs. Secondly, in

!
the Alga, which build up their own food from inorganic

materials, we have a differentiation of supporting axes from
assimilating appendages, and as the body increases in size

and becomes a solid mass of cells or interwoven threads,

a corresponding differentiation of a superficial assimilative

system from the deep-lying parts. In both Alga and
Fungi the latter are primarily supporting and food-con-

ducting, and in some bulky Brown Seaweeds where assimi-

lation is strongly localized some of the deep cells are

highly specialized for the latter function. In the higher

forms a storage and a mechanically-strengthening system
may also be developed, and in some aerial Fungi an external

protective tissue. The “ hyphal ” mode of growth, i.e., the

formation of the thallus, whatever its external form, by
branched, continuous or septate, ccenocytic tubes (Siphoneae

and Fungi), or by simple or branched cell threads, in both
cases growing mainly or entirely at the apex of each
branch, is almost universal in the group, the exceptions

being met with almost entirely among the higher brown
seaweeds, in which is found parenchyma produced by the

segmentation of an apical cell of the whole shoot, or by
cell division in some other type of meristem.

Bryophyia.

The Bryophyta, the first group of mainly terrestrial

plants, exhibit considerably more advanced tissue differ-

entiation, in response to the greater complexity in the

conditions of life on land. But the lowest Hepaticae have
an extremely simple vegetative structure, little more
advanced than that found in some of the higher Green
Algae and very much simpler than in the large red and
brown seaweeds. The thallus, however, always consists of
true parenchyma, and is entirely formed by the cutting off

of segments from an apical cell.

A sufficient description of the thallus of the Liver-worts,
Fegatella, will be found in the article Mtjsoinejb (Ency. BriL vol.
xvii,). We may note the universal occurrence on the

j^iver^
lower surface of the thallus of fixing and absorbing worts
rhizoids in accordance with the terrestrial life on
soil (c/. (Edocladium among the Green Algse). The Marchantiacese
(see article MusciNEiEs) show considerable tissue-differentiation,

possessing a distinct assimilative system of cells, consisting of
branched cell threads packed with chloroplasts and arising 5om
the basal cells of large cavities in the upper part of the thallus.

These cavities are completely roofed by a layer of cells
;
in the

centre of the roof is a pore surrounded by a ring of special cells.

The whole arrangement has a strong resemblance to the lacunae,

mesophyll and stomata, which form the assimilative and tran-

spiring (water-evaporating) apparatus in the leaves of flowering

plants. The frondose (thalloid) Jungermanniacese show no such
differentiation of an assimilating tissue, though the upper cells

of the thallus usually have more chlorophyll than the rest. In
three genera

—

Fallavicinia, Symphyogyim^ and Symenophyton—
there are one or more strands or bundles consisting of long thick-

walled fibre-like cells, pointed attheendsandrunninglongitudinally
through the thick midrib. The walls of these c^s are strongly
lignified (i.e., consist of woody substance) and are irregularly but
thickly studded with simple pits (see Cytology), which are

usually Sirranged in spirals running round the cells, and are often

elongated in the direction of the spiral (Fig. II). These cells

are not living in the adult state though they sometimes contain
the disorganized remains of protoplasm. There is little doubt
that their function is to conduct water through the thallus, the
assimilating parts of which are in these forms often raised above
the soil and comparatively remote from the rhizoid-bearing (water-

absorbing) region. Such differentiated water-conducting cells we
call hydroids^ the tissue they form hydrom. The sporogonxum of

the liverworts is in the simpler forms simply a spore-capsule

with arrangements for the development, protection, and distri-

bution of the spores. As such it falls outside the scheme of this

article, but in one small and peculiar gi'oup of these plants, the

Ardhoc&rotem^ a distinct assimilating and transpiring system is

found in the wall of the very long cylindrical capsule, clearly

enabling the sporogonium to be largely independent of the supply
of elaborated organic food from the thallus of the mother plant

(the gametophyte). A richly chlorophyllous tissue with numerous
intercellular spaces communicates with the exterior by stomata,

strikingly similar to those of the vascular plants (see below). If

S. T. — 52
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the axis of such a sporogonium were prolonged downwards into

the soil to form a fixing and absorptive root, the whole btructiire

would become a physiologically independent plant, exhibiting in

many though by no means all res])ects the leading features of

the spoTo^hyte or ordinary vegetative and spore-boaring individual

in Pteridophytes and Phanerog<mis. These facts have led to the

theory, plausible in many respects, of the origin of this sporophyte

by descent from an Anthoceros-like sporogonium (see Ptehi-

dophyta). The facts, howmer, give us no warrant for asserting

homology {i.e. identity by descent) between the tibsuos of an
Anthocerotean sporogonium and those of the sporophyte in the

higher plants.

In the Mosses the plant-body (gametophyte) is always separable

into a radially organized, supporting and conducting axis (stem)

Mosses assimilating, and transpiiing appendages
(leaves). [For the histology of the comparatively

simple but in many respects aberrant Bog-mosses (Sphagnace*),

see MusoiNE-ffl, E%cy. Brit vol. xvii.] The stems of the other

mosses resemble one another in their main histological features.

In a few cases there is a special surface or epidermal layer, but
usually all the outer layers of the stem are composed of brown,
thick-walled, lignified, prosenchymatous, fibre-like cells forming a
peripheral stereom (mechanical or supporting tissue) which forms
the outer cortex. This passes gradually into the thiniier-walled

parenchyma of the imur cortex. The whole of the cortex, stereom
and parenchyma alike, is commonly living and its colls often

contain starch. The centre of the stem in the forms living on
soil is occupied by a strand of narrow elongated hydroids, which
differ from those of the liverw^orts in being thin-walled, unlignified,

and very seldom pitted. The hydrom strand has in most cases no
connexion with tlie leaves, but runs straight up the stem and
spreads out below the sexual organs or the foot of the sporogonium.
It has been shown that it conducts water with considerable

rapidity. In the stalk of the sporogonium there is a similar

strand, which is of course not in direct connexion with, but
continues the conduction of water from, tlie strand of the ganieto-

pliytio axis. In the aquatic, semiaquatic, and xerophilous types,

where the whole surface of the plant absorbs water, peiqietually

in the first two cases and during rain in the last, the hydrom
strand is either much reduced or altogether al)&ent. In accord-

ance with the general principle already indicated, it is only where
absorption is localized (i.e., where the plant lives on soil from
which it absorbs its main supply of water by means of its basal
rliizoids) that a water-conducting (hydrom) strand is developed.
The leaves of most mosses are flat plates, each consisting of a
single layer of square or oblong assimilating (chlorophyllous)
cells. In many cases the cells bordering the leaf are produced
into teeth, and very frequently they are thick-walled so as to
form a supporting rim. The centre of the leaf is often occupied
by a midrib consisting of several layers of cells. These are
elongated in the direction of the length of the leaf, are always
poor in chlorophyll and form a channel for conducting the
products of assimilation away from the leaf into the stem. This
is the first indication of a conducting foliar strand or leaf bundle
and forms an approach to leptom, though it is not so specialized
as the leptom of the higher Phseophycese, Associated with the
conducting parenchyma are frequently found hydroids identical in
character mth those of the central strand of the stem, and no
doubt serving to conduct water to or from the leaf according as
the latter is acting as a transpiring or water-absorbing organ.
In a few cases the hydrom strand is continued into the cortex of
the stem as a leaftrace bundle (the anatomically demonstrable
trace of the leaf in the stem). This in several cases runs vertically
downwards for some distance in the outer cortex, and ends
blindly—the lower end or the whole ofthe trace being band-shaped
or star-shaped so as to present a large surface for the absorption of
water from the adjacent cortical cells. In othercases the trace passes
inwards and joins the central hydrom strand, so that a connected
water-conducting system between stem and leaf is estabhshed.

^

In the highest family of mosses, Polytrichaceae, the differentia-
tion of conducting tissue reaches a decidedly higher level. In
addition to the water-conducting tissue or hydrom there is a well-
developed tissue inferred to be a conducting channel fornitrogenous
substances or leptom, not indeed so highly differentiated as in. the
most advanced Laminariaceae, but showing some of the characters
of sieve -tubes with ^reat distinctness. Each leptoid is an
elongated living cell with nucleus and a thin layer of protoplasm
lining the wall. The whole cavity of the cell is sometimes stuffed
with proteid contents. The end of the cell is slightly swollen,
fitting on to the similar swollen end of the next leptoid of the row
exactly after the fashion of a trumpet-hypha. The end-wall is
usually very thin, and the ]protoplasm on artificial contraction
commonly sticks to it just as in a sieve-tube, though no perforation
of the wall has been found. Associated with the leptoids are
simBar cells without swollen ends and with thicker cross walls.
Besides the hydrom and leptom, and situated between them, there
is a tissue which probably serves to conduct soluble carbohydrates,
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aud whose cells are ordinarily full of starch. This may be called

amylom. The stem in this family falls into tw'o divisions, an
underground portion bearing rhizoids and scales, the rhizoone, and
a leafy aerial stou forming its direct upw'ard continuation. The
leaf consists of a central midrib, several cells thick, and two wings,
one cell thick. The midrib bears above a series of closely set, verti-

cal, longitudinally-running plates of green assimilative cells over
which the wings close in dryair so as to protect the assimilativeand
transpiring plates from excessive evaporation of w^ater. The midrib
lias a strong band of stereom above and bulow'. In its centre is a
band-shaped bundle consisting of row’s of leptom, hydrom, and aniy-
lom cells. This bundle is continued down into the cortex of the
stem as a leaf trace, and passing very slowdy through the scleren-

chymatous external cortex and the parenchymatous, starchy
internal cortex to join the central cylinder. The latter has a
central strand consisting of files of large hydroids, separated from
one another by very thin walls, each file being separated from its

neighbour by stout, dark-brown w^alls. This is probably homo-
logous with the hydroid cylinder in the stems of othei mosses.
It is suriouuded by (1) a thin-walled, smaller -celled hydrom
mantle

; (2) a suberized amylom sheath
; (3) a leptom mantle,

interrupted liere and there by starch cells. These three concentric
tissue mantles are evidently formed by the conjoined bases of the
leaf traces, each of which is composed of the same three tissues.

As the aerial stem is tra(‘ed down into the underground rhizome
liortion, these three mantles die out almost entirely—the central
hydrom strand forming the bulk of the cylinder and its elements
becoming mixed with thick-w'alled steroids; at the same time
this central hydrom-stereom strand become.s tliree-lobed, with
deep furrow’s betw’een the lobes in W’hicli the few remaining
leptoids run, separated from the central mass by a fowr starchy
cells, the remains of the amylom sheath. At the periphery of the
lobes are some comparatively thin-w'allcd living cells mixed w’ith

a few thin-walled hydroids, the remains of the thin-walled hydrom
mantle of the aerial stem. Outside tliis are three arcs of large

cells showing characters typical of the endodermis in a vascular
plant ; these are interrupted by strands of narrow, elongated,
thick-walled cells which send branches into the little brown scales

borne by the rhizome. The surface layer of the rhizome bears
rhizoids, and its whole structure strikingly resembles that of the
typical root of a vascular plant. In Atrichum undulatum the
central hydrom cylinder of the aerial stem is a loose tissue, its

interstices being tilled up with thin-walled, starchy parenchyma.
In Dawsonia superha, the finest of all knowm mosses, the hydroids
of the central cylinder of the aerial stem are mixed with thick-
walled stereids forming a hydrom-stereom strand somewhat like

that of the rhizome in other Polytrichaceae.

The central hydrom stiand in the seta of the sporogonium of
most mosses has already been alluded to. Besides this there is

usually a living conducting tissue sometimes differentiated as
leptom forming a mantle round the hydrom, and hounded ex-

ternally by a more or less well-differentiated endodermis, abutting
on an irregularly cylindrical lacuna ; the latter separates tlni

central conducting cylinder from the cortex of the seta, which, like

the cortex of the gametophyte stem, is usually differentiated into
an outer thick-walled stereom and an inner starchy parenchyma.
Frequently, also, a considerable differentiation of vegetative tissue

occurs in the wall of the spore-capsule itself, and in some of the
higher forms a special assimilating and transpiring organ situated

just below the capsule at the top of the seta, with a richly lacunar
chlorophyllous parenchyma and stomata like those of the wall of
the capsule in tno Anthocerotean liverworts. Thus the histolo-

gical differentiation of the sporogonium of the higher mosses is

one of considerable com})lexity ;
but there is here even less reason

to suppose that these tissues have any homology (phylogenetic
community of origin) with the similar ones met with in the higher
plants.

The facts of histological structure in the. Bryo-

phytic series are all such as we should expect to be
developed in response to the exigencies of increasing

adaptation to terrestrial life on soil, and of increasing size

of the plant-body. In the liverworts we find fixation of

the thaUus by water-absorbing rhizoids ; in certain forms
with a localized region of water-absorption the development

of a primitive hydrom or water-conducting system
; and in

others with rather a massive type of thallus the differentia-

tion of a special assimilative and transpiring system. In

the more highly developed series, the mosses, this last

division of labour takes the form of the differentiation of

special assimilative organs, the leaves, commonly with a

midrib containing elongated cells for the ready removal of

the products of assimilation
;
and in the typical forms with
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a localized absorptive region, a well-developed hydrom in
tJie axis of the plant, as well as similar hydroid strands in
the leaf-midribs, are constantly met 4vith. In higher forms
the conducting strands of the leaves are continued down-
wards into the stem, and eventually come into connexion
with the central hydroid cylinder, forming a complete
cylindrical investment apparently distinct from the latter,

and exhibiting a differentiation into hydrom, leptom, and
amylom which almost completely parallels that found
among the true vascular plants. Similar differentiation,

differing in some details, takes place independently in the

other generation, the sporogonium. The stereom of the

moss is found mainly in the outer cortex and in the mid-
rib of the leaf.

Vasmlar Plants,

The body of the sporophyte in the great majority of

the vascular plants (Pteridophytes and Phanerogams) shows
a considerable increase in complexity over that found in

the Bryophytes. The principal new feature in the

external conformation of the body is the acquirement of
“ true ” roots, the nearest approach to which in the lower

forms we saw in the “ rhizome ” of Polytrichacese. The
primary root is a downward prolongation of the primary
axis of the plant. From this, as well as from various

parts of the shoot system, other roots may originate. The
root differs from the shoot in the characters of its surface

tissues, in the arrangement of its vascular system and in

the mode of growth at the apex, all features which are

in direct relation to its normally subterranean life and
its fixative and absorptive functions. Within the limits

of the sporophyte generation the Pteridophytes and
Phanerogams also differ from the Bryophytes in possessing

special assimilative and transpiring organs, the leaves,

though these organs are also developed in the gameto-

phyte of many liverworts and of all the mosses. The
leaves, again, have special histological features adapted to

the performance of their special functions.

Alike in root, stem, and leaf, we can trace a three-fold

division of tissue-systems, a division of which there are

indications among the lower plants, and which
Tissue-

jg expression of the fundamental conditions
sys ems.

evolution of a bulky differentiated plant-

body, From the primitive xmiform mass of undiffer-

entiated assimilating cells, there is, on the one hand, a

specialization of a surface layer regulating the immediate

relations of the plant with its surroundings. In the typi-

cally submerged algie and in submerged plants of every

affnity this is the absorptive and the main assimilative

layer, and may also by the production of mucilage be of

use in the protection of the body in various ways. In

the terrestrial plants it differs in the subterranean and

subaerial parts, being in the former pre-eminently absorp-

tive, and in the latter protective—^provision at the same

time being made for the gaseous interchange of oxygen

and carbon dioxide necessary for respiration and feeding.

This surface layer in the typically subaerial “ shoot ” of

the sporophyte in Pteridophytes and Phanerogams is

known as the epidermis, though the name is restricted

by some writers, on account of developmental differences,

to the surface layer of the shoot of Angiosperms, and by
others extended to the surface layer of the whole plant in

both these groups. On the other hand, we have an in-

ternal differentiation of conducting tissue, the main

features of which have already been fully described. The

remaining tissue of the plant-body, a tissue that we must re-

gard phylogeneticallyas the remnant of the undifferentiated

tissue of the primitive thallus, but which often undergoes

further differentiation of its own, the better to fulfil its

characteristically vital functions for the whole plant, is
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known, from its peripheral position in relation to the

primitively central conducting tisbue, as the cortex. The
remaining important function for which provision has to

be made in any plant-body of considerable size, especially

when raised into the air, is that of support. Special

tissues may be developed for this purpose in the cortex, or

in immediate connexion with the conducting system,

according to the varying needs of the particular type of

plant-body.

In relation to its characteristic function of protection, the

epidermis, which, as above defined, consists of a single layer of
cells, has typically thickened and cuticularized outer . . .

walls. These ser\e not only to protect the plant
^

against slight mechanical injury from without, hut also and
especially to prevent the evaporation of water from within,

and to protect the internal tissues from the soaking in of
rain, &c. At intervals it is interrupted by pores leading from
the air outside to the intercellular space system below. These
stomata arc each surrounded by a pair of peculiarly modified
epidermal cells called guard-cells, which open and close the pore

according to the need for transpiration. The structure of the
stomata of the sporophyte of vascular plants is fundamentally
the same as that of the stomata on the sporogonium of the true
mosses and of the Anthocct os, a striking fact that lends

countenance to the theory which would derive the Pteridophytic
sporophyte from the sporogonium of an AnthocerosA^e ancestor.

The stomata serve for all gaseous interchange bet\\een the plant
and the surrounding air. The guard-cells contain chlorophyll,

which is absent from typical eiiidermal cells, the latter acting as a

tissue for water storage. Sometimes the epidermis is considerably
more developed by tangential division of its cells, fomiing a many-
layered water-tissue. The extremely various modifications of the
epidermis, especially in connexion vith the occurrence of hairs

of the most various kinds, and the numberless differences in the
distribution of the stomata, and their relation to the general
surface of the epidermis, are concisely treated as to the lead-

ing facts in Botany {Ency, Brit, vol. iv. pp. 89-91), and in
Histology (yoL xii. p. 17). Mention may be made here of a
class of epidermal organ, the hydatliocle, the wide distribution and
variety of which have been revealed by recent research. These
are special organs usually situated on foliage

ff ^ u/, ^
leaves for the excretion of water in liquid form

ooes-

when transpiration is diminished so that the pressure in the
water-channels of the plant has come to exceed a certain limit.

They are widely distributed, but are particularly abundant in

the tropics. In one type they may take the form of specially-

modified single epidermal cells or multicellular hairs without
any direct connexion with the vascular system. The cells

concerned, like all secreting organs, have abundant protoplasm
with larger nuclei, and sometimes, in addition, part of the celi-

wall is modified as a filter. In a second type they are situated

at the ends of tracheal strands and consist of groups of richly

protoplasmic cells belonging to the epidermis (leaves of many
ferns), or to the subjacent tissue (the commonest type in flowering

plants); in this last case the cells in question are known as

The epithema is penetrated by a network of fine intercellular

spaces, which are normally filled -with water and debouch on one
or more intercellular cavities below the epidermis. Above each
cavity is situated a so-called water-stoma, no doubt derived
phylogenetically from an ordinary stoma, and enclosed by guard-
cells w’hich have nearly or entirely lost the power of movement.
The pores of the water-stomata are the outlets of the hydathode.
The epithema is frequently surrounded by a sheath of cuticu-

larized cells
;

in other cases the epithema may be absent
altogether, the tracheal strand debouching directly on the lacunae

of the mesojjhyll. This last type of hydaSiode is usually situated
on the edge of the leaf. Some hydathodes are active glands,

secreting the water they expel from the leaf. Many other types

of glands also exist, either in connexion with the epidermis or

not, such as nectaries, digestive glands, oil, resin and mucilage

glands, &c.

The surface layer of the root, sometimes included under
the term epidermis, is fundamentally different from the

ex)idei*mis of the stem. In correspondence with its water-

absorbing function it is not cuticularized, but remains usually

thin-walled
;
the absorbing surface is increased by its cells being

often produced into delicate tubes which curl round and adhere

firmly to particles of soil, thus at once fixing the root firmly in

the soil, and enabling the hair to absorb readily the thin films

of water ordinarily surrounding the particles. The root-hair

ends blindly and is simply an outgrowth from a surface cell,

having no cross walls. It corresponds in function with the

rhizoid of a hryophyte. At the apex of a root, covering and
protecting the delicate tissue of the growing point, is a special
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root-cap consisting of a number of layers of tissue wliosi* cells

break down into mucilage towards tb.e outer surface, thus

facilitating the passage of the apex as it is pushed between the

particles of soil.

The cortex, as has been said, is in its origin the remains of the

primitive assimilating tissue of the plant, after differentiation

of the surface layer and the conducting system. It
Cortex,

consists primitively and mainly of typical living

parenchyma ;
but its difierentiation may be extremely varied,

since in the complex body of the higher plants its functions are

very various. In all green plants, where there is a special protec-

tive epidermis, the cortex of the shoot has to perform the

primitive fundamental function of carbon assimilation. In the

leafy shoot this is mainly localized in the cortical tissue of the

leaves, known as mesophyll^ which is essentially a parenchy-

matous tissue containing chloroplasts, and penetrated by a
lacunar system so that the surfaces of the assimilating cells are

brought into contact with air to as large an extent as possible

in order to facilitate gaseous interchange between the assimilating

cells and the atmosphere. At the same time the cells of the
mesopliyll are transpiring cells

—

i.e., the evaporation of water
from the leaf goes on from them into the intercellular spaces.

The only pathways for the gases which thus }>ass between the
cells of the mesophyll and ttie outside air are the stomata. A
typical land plant has always to protect itself against over-tran-

spiration, and for this reason the stomata are placed mainly or
exclusively on the lower side of the leaf, where the water-vapour
that escapes from them, being lighter than air, cannot rise away
from the surface of the leaf, but remains in^ contact with it and
thus tends to check further transpiration. The stomata are in
direct communication with the richest lacunar system, which is

found in the loosely arranged mesophyll (spo7igy tissue) on that
side. This is the main transpiring tissue, and is protected from
directillumination and consequent too great evaporation. The main
assimilating tissue, on the other hand, is under the upper epidermis,
where it is well illuminated, and consists of oblong cells densely
packed with chloroplasts and with their long axes perpendicular
to the surface {palisade tissu^e). The intercellular spaces are here
fewer and narrower. The whole lacunar system thus forms a
kind of funnel, with its narrow end in the palisade and its wide
end under the stomata, so that the double necessity for the limi-

tation of transpiration and the illumination of the palisade cells

lessens the amount of carbon dioxide which can reach the latter.

Leaves whose blades are placed vertically possess palisade tissue

and stomata on both sides {isolilateral leaves)^ since there is no
difference in the illumination, while those which are cylindrical

or of similar shape {centric leaves) have it all round. The leaves
of shade plants have little or no differentiation of palisade. In
fleshy leaves which have little or no chloroi)hyll, the central
mesophyll is abundant and acts as water-storage tissue. The
cortex of a young stem is usually green, and plays a more or less

important part in the assimilative function. It also always
possesses a well-developed lacunar system communicating with
the external air through stomata (in the young stem) or leniicels

(see below). This lacunar system not only enables the cells of
the cortex itself to respire, but also forms channels throxigh
which air can pass to the deeper-lying tissues. The cortex of the
older stem and of the root frequently acts as a reserve store-house
for food, which generally takes the form of starch, and it also
assists largely in providing the stereom of the plant. In the
leaf-blade this often appears as a layer of thickened subepidermal
cells, the hypoderm, often also as subepidermal bundles of
sclerenchymatous fibres or of similar bundles extending right
across the leaf from one epidermis to the other, and thus acting
as struts. Isolated cells {idiohlasts), thickened in various ways,
are not uncommonly found supporting the tissues of the leaf. In
the larger veins of the leaf, especially the midrib, in the petiole
and in the young stem, an extremely frequent type of mechanical
tissue is collenchyTiia. This consists of elongated cells with cellu-
lose walls, which are locally thickened along the original corners of
the cells, reducing the lumen to a cylinder, so that a number of
vertical pillars of cellulose connected by comparatively thin walls
form the framework of the tissue. This tissue remains living and
is usually formed quite early just below the epidermis, where it
pro^des the first peripheral support for a still growing stem or
petiole. Sclerenchyma may be formed later in various positions
in the cortex, according to local needs. Scattered single stereids
or bundles of fibres are not uncommon in the cortex of the root.
The innermost layer of the cortex, abutting on the central

cylinder of the stem or on the bundles of the leaves, is called the
phloeoterTna, and is often differentiated. In the leaf-

PhJoeo" blade it takes the form of special parenchymatous
terma, sheaths to the bundles. The cells of these sheaths are

often distinguished from the rest of the mesophyll by
containing little or no chlorophyll. Occasionally, however, they
axe particularly rich in chloroplasts. These bundle sheaths are
Important in the conduction of carbohydrates away from the

assimilating colls to other parts of the plant. Rarely in the leaf,

fairly frequently in the stem (particularly in Pteridopliytes), aii(l

universally in the root, the phloeoterma is developed as an endo-

dermis (see below). In other cases, it does not differ histologi-

cally from the parenchyma of the rest of the cortex, though it is

often distinguished by containing particularly abundant starch,

in which case it is known as a starch sheath.

One of the most striking characters common to the two highest
groups of plants, the Pteridopliytes and Phanerogams, is the
possession of a double (liydrom-leptom) conducting
system, such as wo saw among the highest mosses, Vascular

but with sharply characterized and peculiar features, system.

almost certainly indicating common descent throughout
both these groux)s. It is confined to the sporopliyte, xxliich forms
the leafy-plant in these groups and is known as the vascular
system. Associated with it are other tissues, consisting primi-
tively of parenchyma, mainly starchy, and in the Phanerogams
particularly, of special stereom. The whole tissue system is

known as the Stelar sysie^u. It has no direct phylogenetic con-
nexion with that of the mosses. The origin of the Pteridophyta
{q.'o.) is very obscure, but it may be regarded as certain that

it is not to be sought among the mosses, which are an oxtremcd\
sx^ecialized and peculiarly differentiated groiix>. Furthermore,
both the hydrom and ieptom of Pteridoxihytes have marked
peculiarities to which no jiarallel is to be found among th(‘

Bryophytes. Hence we must conedudo that the conducting
system ofthe Pteridox>hytes lias had an entirely separate evolution.

All the surviving forms, however, have a completely established
double system xvith the specific characters alluded to, and since

there is every reason to believe that the conditions of evolution
of the primitive Pteridophyto must have been essentially similar
to those of the Bryopliytes, the various stages in the _
evolution of the conlucting system of the latter are ,

very useful to compare with the arrangements nu’t

with in the former. The hydroid of a Pteridophyte or of a
Phanerogam is characteristically a dead, usually elongated, cell con-
taining air and water, and either thin-walled with liguified spiral

or annular thickenings, or with thick lignilied walls, inc*om}»lotcdy

perforated by i>its (usually bordered i>its) of varunis shapes.
When a number of such cells, called tracheids, placed end to

end, have open communication with one another, the resulting cell

-

fusion is called a vessel. Vessels are very rare among rtcri-

doidiytes, though common among Phanerogams. The tracheids
or vessels, indifferently called tracheal elements^ together with
the immediately associated cells (usually amylom in Pteri-

dophytes) constitute the a^ylem of the plant. This is a morpho-
logical term given to the particular tyx)e of hydrom found in both
Pteridophytes and Phanerogams, together with the jjarenchynia
or stereom, or both, included within the boundaries of the hydrom
tissue strand. The leptoid of a Pterido])liyte is also an elongated
cell, with a thin lining of jn'otoplasm, but destitute of a nucleus,
and always in communication with the next cell of the Icjjtom
strand by relatively large perforations (in Pteridopliytes often not
easily demonstrable), through which pass strings of protoplasm.
These are often converted into a peculiar substance called callosc,

which is also frequently formed over the surface of the perforated,

often extremely oblique, end-w'alls. The strnotxire formed by a
number of such cells placed end to end is called a sieve-tuhe

(obviously comparable with a xylem-vessel), and the end-wall or
area of end-wall occupied by a group of perforations, a sieve-plate,

(see Cytology), The sieve-tubes, with their accompanying paren-
chyma or stereom, constitute the tissue called phloem. This is

likewise the term for a morxihologically defined tissue system, i. e.

the loptom found in Pteridophytesand Phanerogams with its asso-

ciated cells, and is entirely parallel with the xylem. The sieve-

tubes differ, however, from the tracheids inbeing immediately asso-

ciated, apparently constantly, not with starchy parenchyma, but
with parenchymatous cells containing particularly abundant
proteia contents which seem to have a function intimately con-
nected with the conducting function of the sieve-tubes, and which
we may csill proteid-cells.

The xylem and phloem are nearly always found in close asso-

ciation in strands of various shapes in all the three main organs
of the sporopliyte—root, stem, and leaf—-and form a ^
connected tissue-system running through the whole ^
body. In the primary axis of the plant among Pteri-

^traads •

dophytes and many Phanerogams, at any rate in its
central

first formed part, the xylem and phloem are associated
in the form of a cylinder, with xylem occupying the ^ .

centre, and the phloem (in the upward growing part
“

or primary stem) forming a mantle at the periphery (Fig. 3). In
the downward growing part of the axis (primary root), however,
the peripheral mantle of phloem is interrupted, the xylem coming
to the surface of the cylinder along(usually) two or (sometimes)
more vertical lines. Such an arrangement of vascular tissue is

called radialf and is characteristic of all roots (Figs. 2 and 9).

The cylinder is surrounded by a mantle of one or more layers of
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parenchymatous cells, the ^cricycle, and the xylem is separated
from the phloem in the stem by a similar layer, the mesocycle
(corresponding with the hydrom sheath in mosses). The peri-
cycle and mesocycle together form the conjunctive tissue of the
stele. In the root the mesocycle, like the phloem, is interrupted,
and runs into the pericycle where the xylem touches the latter
(Fig. 2). The whole cylinder is enclosed by the peculiarly
ditlerentiated innermost cell-layer of the cortex, known as the
endodermis. This layer has its cells closely united and sealed to
one another, so to speak, by the conversion of the radial and
transverse walls (which sepaiate each cell from the other cells of
the layer), or a band running in the centre of these, into corky
substance, so that the endodermal cells cannot be split apart to

j

admit of the formation of intercellular spaces, and an air-tight
j

sheath is foimed round the cylinder. Such a vascular cylinder is
called a protostele, and the axis containing it is said to be proto-
monostelic. In the stele of the root the strands of tracheids along
the lines where the xylem touches the pericycle are spiral or an-
nular, and are the xylem elements first formed when the cylinder
is developing. Each strand of spiral or annular first- formed
tracheids is called a proioxyleiyi strand, as distinct from the
Qmtaxylem or rest of the xylem, which consists of thick-walled
tracheids, the pits of which are usually scalarifonu. The stele

is called monarch, diarch, , . , polyarch according as it contains
one, two, ... or many protoxylems. When the protoxylem

i

strands are situated at the peiiphery of the stele, abutting on the
pericycle, as in all roots, and many of the more primitive Pterido-

phyte stems, the stele is said to be exarch. When there is a
single protoxylem strand in the centre of the stele, or when, as is

more commonly the case, there are several protoxylem strands
situated at the internal limit of the xylem, the centre of the stem
being occupied by parenchyma, the stele is endarch. This is the
case in the stems of most Phanerogams and a few Pteridophytes.
When the protoxylems have an intermediate position the stele is

mesarch (many Pteridophytes and some of the more primitive
Phanerogams). In many cases Q-s.tQxn.el protophloem, usually con-

sisting of narrow sieve-tubes often with swollen walls, can be
distinguished from metaphloem. As the primitive stele of an
exarch Pteridophyte is traced upwards from the primary root into

the stem, the ^loem and mesocycle become continuous round the
xylem. At the same time the stele becomes more bulky, all its

elements increasing in number. Very frequently the number of
protoxylem strands increases by branching of the original ones

that have come up from the root. Soon a bundle goes olf to the

first leaf. This consists of a protoxylem with a few metaxylem
elements, a segment of mesocycle, phloem, pericycle, and usually
an arc of endodermis, which closes round the bundle as it detaches

itself from the stele. Thus such a leaf-bundle contains parts of
all the tissues of the stele, and is hence called a meristele. It is

primitively bilaterally symmetrical like the leaf it supplies,

though it may acquire a radial s;^metry of its own, while the

stele of the stem is primitively radially symmetrical like the stem
itself. As the stele is traced farther upwards it becomes bulkier,

as do the successive leaf-bundles which leave it. In many Pteri-

dophytes the solid protostele is maintained throughout the axis.

In others a central parenchyma or primitive pith—a new region

of the primitive stelar conjunctive—appears in the centre of the

xylem. In many ferns internal phloem appears associated with
this primitive pith ;

and at a higher level, after the stele has
increased greatly in diameter, a large-celled true pith or medulla,

resembling the cortex in its characters and usually quite distinct

from conjunctive, appears in the centre. This is often separated

from the conjunctive by an internal endodermis. Where internal

phloem is present this is separated from the internal endodermis

by an endocycle or ‘‘internal pericycle,” as it is sometimes called,

and from the xylem by an mtcmal mesocycle—^these two layers,

together with the outer mesocycle and pericycle, constituting the

conjunctive tissue of the now hollow cylindrical stele. (The con-

junctive frequently forms a connected whole with bands of starchy

xylem -parenchyma, which, when the xylem is bulky, usually

appear among the tracheids, the phloem also often being

penetrated by similar bands of phloem -parenchyma.) To this

type of stele, whether with or without iuternal phoem, is

given the name siphonostele to distinguish it from the solid

protostele characteristic of the root, of the first -formed por-

tion of the stem, and in the more primitive Pteridophytes

of the whole of the axis. The siphonostele is, as it is found

among many of the lower ferns, broken by the departure

of a leaf-bundle, the outer and inner endodermis joining so that

the stele becomes horseshoe -shaped and the cortex continuous

with the pith (Fig. 4). Such a break is known as a leaf-gap.

A little above the departure of the leaf bundle the stele again

closes up, only to be again broken by the departure of the next

^ ^
meristele. Where the leaves are crowded and the
phyUotaxy is high, a given leaf-gap is not closed before

steiy*
the next ones appear, and the siphonostele thus

becomes split up into a number of segments, sometimes band-
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shaped or semilunar, sometimes isodiauietric in cross-section
(Fig. 5). Each segment of the siphonostele frequently resembh‘s
a protostele, the segments of inner endodermis, pericycle, phloem,
and mesocycle joining with the corresponding outer segments to

form a concentric structuie. For this reason a stem in which the
vascular system has this type of structuie is spoken of asnoZ//-

stelic, the term ‘‘‘stele” being transferred from the primary
central cylinder of the axis and applied to the vascular strands
just described. In this use the term loses, of course, its morpho-
logical value. Where the “steles” are few and band-shaped on
cross-section, the structure is spoken of as “gamostelic” ; ’where
they are numerous, and run independently for considerable dis-

tances, it is “ dialystelic.” The splitting up of the vascular tube
or siphonostele into separate strands does not depend wholly upon
the occurrence of leaf-gaps. In the extremely dialystelic forms
the leaf-gaj)S are very broad and long, and are filled by a network
of slender strands, some of which run out to the leaf, while others
form cross connexions betw’een these and with the strands
separating the gaps, w^hich, though stouter thau the leaf-gap
steles, are reduced to comparatively narrow bands. In some
cases the strands separating the gaps are themselves split up,
further increasing the dialystely. Finally, the original dialystelic

cylinder may be supplemented by additional internal or external
strands or both, joining by frequent connexions the primary ones.
The leaf-trace consists of a single strand only in some of the
protostelic and more primitive siphonostelic forms, in the latter

(where it is simply a detached segment of the siphonostele) having
the shape of a crescent or horse-shoe in cross-section with th<^

convexity outwards, and in the petiole downwards. In the more
complex forms, as already indicated, the trace is itself split up
into a number of strands w^hich leave the base and sides of the
leaf-gap independently. In the petiole these may increase in
number by blanching and sometunes form a complicated system
resembling that of the stem, but usually reducible to the primi-
tive bilateral horse-shoe type. The protostelic, siphonostelic,

and “polystelic” conditions are mainly found among the Pteri-

dophytes. There is good i eason to suppose that the protostelic con-
dition is primitive in evolution. Essentially the same type was
found in the primitive conductingsystem of theganietophyteof the
mosses.^ doubtthe siphonostele came next, sometimes perhaps
in relation to the necessity for the formation of a hard peripheral
supporting cylinder, but often ow ing to factors not yet understood,
and by the crow^ding of the leaf-gaps and other factors the “ poly-
stelic ” state was reached. Thus in tracing the stelar system of a
“ polystelic ” fern, for instance, upwards from the primary root,

the various stages which have led to the evolution of this type
are passed through. In a few Pteridophytes and the great majority
of the Phanerogams, the protostele of the primary root dilates
either immediately upon entering the stem, or at a higher level,

acquires a true medulla, and the vascular cylinder breaks into a
number of separate collateral bundles {i.e., with xylem towards
the centre and phloem towards the periphery of the stem) w^hich
pass out of the cylinder to supply the leaves after having given
off branches (conti7iuation bundles) which continue their course in
the cylinder of the stem. The lowest cohateral bundles of the
typical Phanerogamic stem are frequently directly continuous
with the (often separate) strands forming the stele of the primary
root, so that no siphonostelic condition of the type always found
near the base of the stem of a higher Pteridophyte is passed
through. But the collateral bundles of the stem stele are usually
united laterally by conjunctive tissue, so that a hollow cylinder
of stelar tissue is maintained, and the pith is isolated from the
cortex except at the leaf-gaps. This modified siphonostele is

very characteristic of the Plianerogamic stem. In the great
majority of cases there is a fairly wide pericycle outside the
phloem, and this is partially or wholly converted into scleren-

chyma, usually of the prosenchymatous (fibrous) type. In this

way an efficient peripheral supporting cylinder is secured, and it

is no doubt largely owung to the need for this mechanical sup-
port that the modified siphonostele is maintained in the Phanero-
gamic stem. As it is, the single collateral bundle often asserts

its individuality while still within the stele, the conjunctive

being obviously arranged round them as centres—the solerized

pericycle, for instance, taking the form of a number of bands,
arc-shaped in cross-section, capping the phloems of the bundles,

and the cortex and medulla frequently intruding between two
adjacent ones (Fig. 6). In some oases, indeed, the modified

siphonostele breaks up altogether, ,the cortex and^ medulla
becoming continuous between the bundles, each of which is sur-

rounded by its own investment of tissue corresponding with con-

junctive, but now called peridesm, the isolated segment of the
mesocycle being known as mesodesm. This is the condition of

astely, entirely parallel with polystely except that the
AsteJy.

separate strands are usually all or mostly leaf-traces.

The difference between the concentric and the collateral structure

of the strands, depending mainly on the presence or absence of

internal phloem, and the difference between the rounded “ stele
”
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of the polystelic Pteridophyte with its tendency to ladial organ-

ization, and the nnipolar wedge-shaped ^‘bundle” of the

Dicotyledon usually with its cap or sheath of peridesinic stereom,

depending on the different characters of the siphonostele from

which the two types have been respectively evolved, though

Fig. 2. Fig. 3-

Fig. 5-

of bundles present at any given level. The result is a dilation
of the stele till it occupies the whole or nearly the whole of the
axis, the cortex being reduced io a narrow cylinder or disappear-
ing altogether. The pericyole usually forms a selerhsed band at
or near the periphery of the stem, and the leaf-trace bundles are
scattered in a definite though not superficially obvious order
through a general parenchymatous ground tissue, each bundle
being commonly capped or surrounded by its own sheath of
stereom. In a few cases among the Phanerogams (e.g., Auricula)

striking and (‘haracteristic enough, are of comparatively minor
importance. The characteristic type of ariangcmcnt of vascular
strands found in mouocotyledonous stems dei)ends on a similar
extreme assertion of the individuality of the single leaf-trace

bundle, combined with an often enormous inciease in the number

Fig. 9*

Figs. 2-9.—^Diagrams op the Main Types op Arrangement or the Stblar
Tissues in FrERinopHYTEs and Phanerogams (as seen iu transverse
section).

The irylein is cross-hatched, the pliloem shaded diagonally, protoxylem and
protophloem shaded darkly, parenchymatous coniunctivo tissue leit white,
sclerenchyma dotted.

Pig. 2.—Diarch root-stele, with axial metaxyleni plate joining the two proto-
xylems ; the commonest type of primary root-stele.

Pig. 3.—Solid exarch piotostele Represented as pentareh): base of most
Ptendophyte steins, and thioughout stem of more primitive forms.
Pig, 4.—^Typical siphonostele (represented as mesarch) with internal phloi ni,

broken by departure of a meiistelic l(‘af-treeon the right. Characteristic of
base of stem in most ferns, and of whole axis in many.
Pig. 5.—Simple dialystelic type; mesarch siphonostele represented as

broken by two opposite leaf-gaps (right and left), each containing three men-
stelic leaf- traces, simulating protosteles and usually known as steles.
Characteristic ol the stems of most of the higher ferns.
Pig. 6.

—

Modihed siphonostele with collateral endarch bundles separated
laterally by conjunctive tissue. The regions of the latter outside the phloems
are sclerized, as is usually the case. Characteristic of the dicotyledonous
stem.
Pig. 7.—Separate collateral endarch bundle of anastelic form surrounded by

its pendesm which may be partly or wholly sclerized. Xylem and phloem
separated by mesodesiii. Some dicotyledonous stems.
Pig. 8.—Meristelic arc of collateral bimdles, united by conjunctive. Com-

mon in petioles of Dicotyledons.
Pig. 9.~liarge polyarch root- siphonostele, showing radial arrangement of

primary xylem and phloem in alternate strands, and also additional internal
metaxylem, mostly in the form of large vessels. Pound in many Monocoty-
ledons. Most roots show some form intermediate between this and that
represented in Pig. 2

a polystelic condition originates secondarily in evolution by the
association of supplementary internal inversely oriented bundles
with detached arcs of the original stele. This is another method
of increasing the vascular supply to the leaves when the needs
of these exceed the capacity of the original dilated and broken
central cylinder. In other cases polystely may originate in a
completely astelic type by the association of bundles round
common centres {JSfymphcea),

In the foregoing description of the evolution of the stelar
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system in vascular plants, account has been taken only of what
seem the principal and more easily interpreted lines

Aberrant
descent. Among some of the Ptei'idophytes

orms,
(Selaginella), a tyi)e of polystely is found vhieh is not

directly traceable to the breaking up of a primitive siplionostele

by the crowding of leaf-gaps. Among the Cycadofilices also, a

great group of extinct forms occupying the borderland between

Ferns and Gymnosperms, side by side with moiiostelic types which

lurnisli a most interesting sequence leading Irom the protostele

so common among modern Pteridophytes to the inodifiecl siphono-

stele characteristic of modern Cycads, Conifers, and Dicotyledons,

there are “a number of siphonostelic and polystelic types (the

Mcdullosece and allied forms) in which the breaking of the

Siplionostele does not depend upon the departure of leaf-traces-

The structures presented are often of considerable complexity,

and their origin and relationship wdth the more easily intelligible

types are frequently obscure.

In the blade of a typical leaf of a vascular plant—essentially a

thin plate of assimilating tissue—the vascular system takes the

^
. j

form of a number of separate, usually branching and
^teiar

anastomosing strands. These Avith their associated

^
t

stereom iorm a kind of framework wdiich is of great

etc*
importance in supporting the mesophyll ; but also, and

chiefly, they provide a number of channels, penetrating

every part of the leaf, along which water and dissoh^ed salts are

conveyed to, and elaborated food-substances from, the mesophyll

cells. Each bundle is a branch of an original meristele that left

the cylinder of the stem. It is always collateral (the phloem
being turned doAvnwards and the xylem upwards), even in Ferns,

where the meristele or nieristeles of the petiole ('* petiqlar steles ”)

are concentric, and it has the ordinarymesodesmand peridesmof the

collateral bundle. The latter is often sclerized, especially opposite

the phloem, and to a less extent opposite the xylem, as in the

stem. As a bundle is traced towards its blind termination in

the mesophyll the peridesinic stereom first disappears, the sieve-

tubes of the phloem are replaced by narrow elongated paienchyma
cells, which soon die out, and the bundle ends with a strand of

tracheids covered by the phloeotermic sheath.

The structure of the stele of the primary root as it is found in

most Pteridophytes and many Phanerogams has been already

described (Fig. 2). The radial structure is cliaraotcnstic of all

root-steles, which have in essential points a remarkably uniform

structure throughout the vascular plants, a fact w^hich is no

doubt largely dependent on the very uniform conditions under

Avhich they live. The larger root-steles are usually polyarch,

and seldom have the centre filled up with xylem, this being

replaced by a large-celled pith so that the siphonostelic structure

is acquired (Fig. 9). Sometimes, however, the centre of a bulky

loot stele has strands of metaxylem (to which may be added

strands of metaphloem) scattered through it, the interstices being

Idled with conjunctive. The conjunctive of a root-stele possess-

ing a pith is often sclerized between the pith and the pericycle.

Sometimes all the parenchyma within the stele undergoes this

change. In the roots of some palms the siphonostele breaks

up into arcs, which may each acquire a “stelar” structure by
the bending in and joining of the edges.

For “ latieiferous tissue,” see Cytology.

The body of a vascular plant is developed in the first

place by repeated division of the fertilized egg and the

Develop-
growth of the products of division. The body

meat of thus formed is called the enihryo^ and this

primary develops into the adult plant, not by continued
tissue. growth of all its parts as in an animal, but by

localization of the regions of cell-division and growth, such

a localized region being called a growing-point. This

localization takes place first at the two free ends of the

primary axis, the descending part of which is the primary

root, and the ascending the primary shoot. Later, the

axis branches by the formation of new growing-points,

and in this way the complex branch system of axes form-

ing the body of the ordinary vascular plant is built up.

In the flowering plants the embryo, after developing up

to a certain point, stops growing and rests, enclosed within

the seed. It is only on germination of the latter that the

development of the embryo into the free plant is begun.

In the Pteridophytes, on the other hand, development from

the egg is continuous.

The triple division of tissues is laid down in most cases at a

very early period of development—in the flow’ering plants usually

before the resting stage is reached. In many Pteridophytes the

first leaf is formed very early, and the first vascular strand is

developed at its base, usually becoming continuous with the

cylinder of the root
;
the strand of the second leal is loniied in a

similar way and runs down to join that ot the first, so that the

stem stele is foniiod by the joined bases ot the leat-traces. In

other cases, fiowe\er, a continuous primitive stele is dev^eloped,

extending Irom the primary stem to the ])rimaiy root, the leaf-

traces arising later. This is coirelated with the com2>aratively

late formation and small develoiunent of the first leaves. The

evidence scarcely admits of a decision as to which of these

methods is to be regarded as jjrimitive in descent.
^

In the seed-

forming (Phanerogaom) one or more })i*imai*y leaves

{cotyledoois) are already formed in the resting emliryo. In cases

where the develojmient of the embryo is advanced at the resting

period, traces luii from the cotyledons and determine the

symmetry of the stele of the primitive axis, the upper part of

which shows stem -structure, in some respects at least, and is

called the hyjiocotyledonary stem or hy^pocotyl, w'hile the lower

part is the primary root {radicle). On germination of the seed

the radicle first growls out, increasing in size as a whole, and soon

adding to its tissues by cell division at its apical grovviiig-^ioint.

The hypocotyl usually elongates by its cells increasing very

gi'eatly both in number and size, so that the cotyledons are raised

into the air as the first foliage-leaves. Further growth in length

of the stem is thenceforwaid confined to the apical growing point

situated betw’een the cotyledons. In other cases this groAving-^Joint

becomes actiA'e at once, there being little or no elongation ot the

hypocotyl and the cotyledon or cotyledons remaining in the seed.

The structure of the growing-points or apical meristems varies

much in difterent cases. In most Pteridophytes there is a single

large apical cell at the end of each stem and root axis.

This usually has the form of a tetrahedron, with its

base occupying the surface of the body of the axis

and its apex pointing towards the interior. In the stem,

segments are successively cut off from the sides of the tetrahedron,

and by their subsequent division the body of the stem is produced.

In the loot exactly the same thing occurs, but segments are cut

off also from the base of the tetrahedron, and by the division ot

these the root-cap is formed. In both stem and root early walls

separate the cortex from the stele. The epidermis in the stem

and the surface layer of the root soon becomes differentiated from

the underlying tissue. In some Pterido]>hyte stems the apical cell

is wedge-shaped, in others prismatic
;
in the latter case segments

are cut off from the end of tne prism turned tow’ards the body of

the stem. In other cases, again, a group of two or four prismatic

cells takes the place of the apical cell. Segments are then cat off

from the outer sides of these initial cells. In most of the Phaner-

ogams the apical (or pri'inary) nevistc'in^ instead of consisting oi

a single apical cell or a gi’oup of initials, is stratified—-i.e., there is

more than one layer of initials. Throughout the Angiosperms the

epidermis of the shoot originates from separate initials, which

never divide tangentially, so that the young shoot is covered by
a single layer of dividing cells, the derniatogen. Below this are

the initials of the cortex and central cylinder. "Whether these

are always in layers which remain separate is not known, but it

is certain that in many cases they cannot be distinguished. This,

however, may be due to irregularity of division and displacement

of the cells by iiTegular tensions destroying the obvious layered^

arrangement. In some cases there is a perfectly definite line of

separation between the young cylinder {plero'ine) and young cortex

{peTillcm\ the latter having one or more layers of initials at the

actual apex. This clear separation betw’een periblem and plerome

is mostly found in plants w^hose stem-apex forms a naked cone,

the leaves being produced relatively late, so that the stele of the

young stem is obvious above the youngest leaf-traces. Where

the leaves are developed early, they often quite overshadow the

actual apex of the stem, and the rajnd formation of leaf tissue

disturbs the obviousness of, and perhaps actually destroys, the

stratified arrangement of the shoot imtials.
^
In this case also,

the differentiation of leaf-bundles, which typically begins at the

base of the leaf and extends upAvards into the leaf and downw^ards

into the stem, is the first phenomenon in the development of

vascular tissue, and is seen at a higher level than the tormation

of a stele. The latter is produced (excex)t in cases of complete

a&telywherea cylinder isnever formed) after a number ofleaf-traces

have ajAjieared on different sides of the stem so as to form a circle

as seen in transA^erse section, the spaces intervening between

adjacent bundles becoming bridged by small-celled tissue closing

the cylinder. In this tissue fresh bundles may become differen-

tiate, and what remains of it becomes the rays of the fully-

fomed stele. Many cases exist Avhich are intermediate between

the two extreme types described. In these the stele bewmes

obvious in transverse section at about the same level as that at

A\hich the first leaf-traces are developed. Where a large-ceUed

l>ith is developed this often becomes obvious very early, and in

some cases it appears to have separate imtials situated below

tliose of the hollow vascular cylinder or modified siphonostele-
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In some cases where there is apparently a well-marked pleronie

at the apex, this is really the young pith, the distinction Between

the stelar and cortical initials, if it exists, being, as is so often

the case, impossible to make out. The young tissue of the stelar

cylinder, in the case of the modified siphonostele characteristic

of the dicotyledonous stem, differs from the adjoining pith and

cortex in its nariow elongated cells, produced hy the stopj)ing of

transverse and the increased frequency of longitudinal divisions.

This is especially the case in the young vascular bundles them-

selves {desmogcn strands). The protoxylem and protophloem are

developed a few cells from the inner and outer margins of tho

desmogen strand, desmogenic tissue left over giving rise to the

segments of endocyclo and pericyclecap]>ing the bundle. Differen-

tiation of the xylein progresses outwards, of the phloem inwards,

but the two tissues never meet in the centre. Sometimes develop-

ment stops altogether, and a layer of undifferentiated jjarenchyma,

the 7ne$odesm, is left between them
;
or it may continue indefinitely,

the central cells keeping pace by their tangential division with
the differentiation of tissue on each side. In this case the

formation of the primary bundle passes straight over into the

formation of secondary tissue hy a cambium, and no line can be

drawn between the two processes. The differentiation of the

stelar stereom, which usually takes the forms of a sclerized peri-

cycle, and may extend to the endoeycle and parts of the rays, takes

place in most cases later than the formation of the primary
vascular strand. In the very frequent cases where the bundles
have considerable individuality, the fibrous pericyclic cap very
clearly has a common origin from the same strand of tissue as the
vascular elements themselves.
The separation of layers in the apical meristem of the root

is usually very much more obvious than in that of the stem.

The outermost is the cody^ptrogeni which gives rise to the root

cap, and in Dicotyledons to the piliferous layer as well. The
perillemi one cell thick at the apex, produces the cortex, to which
the piliferous layer belongs in Monocotyledons

;
and the plerome,

which is nearly always sharply separated from the perihleni, ^ves
rise to the vascular cylinder. In a few cases the boundaries of

the different layers are not traceable. The protoxylems and the
phloem strands are developed alternately, just within the outer

limit of the young cylinder. The differentiation of metaxylem
follows according to the type of xoot-stele, and, finally, any
stereom there may be is developed. Differentiation is very much
more rapid— the tissues are completely formed much nearer

to the apex than is the case in the stem. This is owing to the
elongating region (in which protoxylem and proto;phloem alone

are differentiated) being very much shorter than in the stem,

The root hairs grow out from the cells of the piliferous layer

immediately behind the elongating region.

The branches of the stem arise by multiplication of the cells of
the epidermis and cortex at a given spot, gjiving rise to a pro-
tuberance, at the end of which an apical meristem is established.

The vascular system is connected in various ways with that ofthe
parent axis by the differentiation of bundle-connexions across the
cortex of the latter. This is known as exogenous branch-forma-
tion. In the root, on the other hand, the origin of branches is

endogenous. The cells of the pericycle, usually opposite a proto-
xylem strand, divide tangentially and give rise to a new grow-
ing-poiat. The new root thus laid down burrows through the
cortex of the mother-root and finally emerges into the soil. The
connexions of its stele with that of the parent axis are made
across the pericycle of the latter. Its cortex is never in con-
nexion with the cortex of the parent, hut with its pericycle.
Adventitious Toots^ arising from the stems, usually take origin in
the pericycle, but sometimes from other parts of the conjunctive.

In most of the existing Pteridophytes, in the Mono-
cotyledons, and in annual plants among the Dicotyledons,

there is no further growth of much structural

iissuesT^ importance in the tissues after differentiation

from the primary meristems. But in nearly all

perennial Dicotyledons, in all dicotyledonous and gymno-
spermous trees and shrubs, and in fossil Pteridophytes
belonging to all the great groups, certain layers of cells

remain meristematic among the permanent tissues, or
after passing through a resting stage reacquire meri-
stematic properties, and give rise to secoTtdary tismes.

Such meristematic layers are called secondary meristems.

^ There are two chief secondary meristems, the camhimri and
^Sijghellogen, The formation of secondary tissues is charac-
teristic of most woody plants, to whatever class they belong.
Every great group or phylum of vascular plants, when it

has become dominant in the vegetation of the world, has
produced members with the tree habit arising by the forma-

tion of a thick woody trunk, in most cases by the activity

of a cani]:)Lum.

The camhiwn in the typical case, which is by far the most
frequent, continues the primary differentiation of xylcin and
phloem in the desmogen strand (see above), or arises in tho

lesting niesodesm or mesocycle and adds new (secondary) xylem
and phloem to tho primary tissues. New tangential walls arise

in the cells which are the seat of cambial activity, and an inittul

layer of cells is established which cuts off tissue mother-cells oxi

the inside and outside, alteinatcly contributing to the xylein and
the phlooin. A tissue-inothcr-f ell of the xylem may, in the
most advanced types of Dicotyledons, give rise to—(1) a tracheid

;

(2) a segment of a vessel
; (3) a xylem-fibre

; or (4) a vertical file

of xylem-parenchyma cells. In the last case the mother cell

divides by a number of horizontal walls. A tissue-mother-cell

of the phloem may give rise to—(1) a segment of a sieve-tube

with its companion cell or cells
; (2) a phloem fibre

; (0) a single

phloem-parenchyma (cambiform) cell, or a vertical file of short

parenchyma cells. At certain points the cambium does not giv(‘

rise to xylem and ])hloeui elements, but cuts off cells on both
sides which elongate radially and divide hy horizontal walls.

When a given initial cell of the cambium has once begun to

produce cells of this sort it continues the process, so that a

radial plate of parenchyma cells is formed stretching in onc^

straight line through the xylem and phloem. Such a cell-

plate is called a medullary ray. It is essentially a living tissue,

and serves to place all the living cells of the secondary vascular
tissues in communication. It conducts plastic substances inwards
fiom the cortex, and its cells arc frequently full of starch, whi(*li

they store in wdnter. They are accompanied by intercellular

channels serving for the conduction of oxygen to, and carbon
dioxide from, the living cells in tho interior of the w'ood, which
w^ould otherwise be cut off from the means of respiration. Tlie

xylem and phloem parenchyma consist of living cells, funda-
mentally similar in most respects to the medullary ray cells,

w'hich sometimes replace them altogether. The parenchyma is

often arranged in tangential hands betw'een the layers of sieve-

tubes and tracheal elements. The xylem parenchyma is often found
in strands associated with the tracheal elements. These strands
are not isolated, but form a connected network through the
w'ood. The xylem parenchyma cells are connected, as are the
medullary ray cells, with the tracheal elements by one-sided

bordered pits

—

l.e., pits with a border on the tracheal element
side, and simple on the parenchyma cell side. The fibres are

frequently found in tangential bands hetw^een similar bands of
trachejse or sieve-tubes. The fibrous bands are generally formed
towards the end of the year’s growth in thickness. Tho fibres

belong to the same morphological category as the parenchyma,
various transitions being found between them

;
thus there may

he thin-walled cells of the shape of fibres, or ordinary fibres may
he divided into a number of supeiposcd cells. These intermediate
cells, like the ordinary parenchyma, frequently store starch, and
the fibres themselves, though usually dead, sometimes retain their

protoplasm, and may also he used for starch accumulations. The
vessels and tracheids are very various in size, shape, and structure

in different plants. They are nearly always aggregated in strands,

which, like those of the parenchyma, are not isolated, but con-

nected with one another. Tn a few cases some of the tracheids have
very thick walls and reduced cavities, functioning as mechanical
rather than water-conducting elements. All transitions are found
between such forms and typical tracheids. These Jltre-tracheids

are easily confused on superficial view with the true wood-fibres

belonging to the parenchymatous system
;
but their pits are

always bordered, though in the extreme type they are reouced to
mere slits in the wall. The sieve-tubes of the secondary phloem
usually have very oblique end-walls bearing a row of sieve-plates ;

plates also occur on the radial side-walls.

The tissue-elements just described are found only in the more
complicated secondary vascular tissues of certain Dicotyledons.

A considerable evolution in complexity can be traced in passing
from the simplest forms of xylem and phloem found in the

primary vascular tissues both among Pteridophytes and Phan-
erogams to these highly differentiated types. In the simplest

condition we have merely tracheae and sieve-tubes, respectively

associated with parenchyma, which in the former case is usually

amylom, and in the latter consists of proteid cells. This type is

found in nearly all Pteridophytes and, so far as is known, in

Cycadofilices, both in primary and secondary tissue. The stereom
is furnished either by cortical cells or by the tracheal elements, in

a few cases hy fibres which are probably homologous with sieve-

tubes. Among Oymnosperms the secondary xylem is similarly

simple, consisting of tracheids which act as stereom as well as

hyt&om, and a little amylom; while the phloem-parenchyma
sometimes undergoes a differentiation, part being developed as

amylom, part as proteid cells immediately associated with the
sieve -tube. In other cases the proteid cells of the secondary
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phloem do not form part of the phloem-parenchyma, but occupy
the top and bottom cell-rows of the medullary rays, the middle
rows consisting of ordinary starchy cells. The top and bottom
rows of the xylem rays are often developed as irregularly-
thickened radially-elongated tracheids which serve for the radial
conduction of water, and communicate with the ordinary tracheids
of the secondary xylem by large bordered pits. The primary
vascular tissues of Angiosperms are likewise nearly always simple,
consisting merely of tracheae and sieve-tubes often associated with
amylom. A characteristic peculiarity, both in the primary and
secondary tissue, is that the proteid cells of the phloem are here
always sister-cells of the leptoids and are known as companion-
cells. In the_ secondary tissues of Dicotyledons we may have, as
already described, considerably more differentiation of the cells,

all the varieties being referable, however, on the one hand to the
tracheal or sieve-tube type, on the other to the parenchyma type.
The main feature is the development of special vascular stereom
and storage tissue. In some cases special secreting tissues, resin
ducts, oil glands, laticiferous tissue, crystal sacs, Ac., may be
developed among the ordinary secondary vascular elements.
The limit of each year's increment of secondary wood, in those

plants whose yearly activity is interrupted by a regular winter
or dry season, is marked by a more or less distinct

Annual line, which is produced by the sharp contrast between
^ngs. the wood formed in the late summer of one year

(characterized by the sparseness or small diameter of
the tracheal elements, or by the preponderance of fibres, or by
a combination of these characters, giving a denseness to the wood)
and the loose spring wood of the next year, with its absence of
fibres, or its numerous large tracheae. The abundance of water-
conducting channels is in relation to the need for a large and
rapid supply of water to the unfolding leaves in the spring and
early summer. In Gynmospemis, -vmere vessels and fibres are
absent, the late summer 'wood is composed of radially narrow
thick-walled tracheids, the wood of the succeeding spring being
wide-celled and thin-walled, so that the limit of the year’s growth
is very well marked. The older wood of a large tree forming a
cylinder in the centre of the trunk frequentl;^ undergoes marked
changes in character. The living elements die, and the -walls of
all the cells often become hardened, owing to the deposit in them
of special substances. Wood thus altered is known as heart-wood,
or duramen^ as distinguished from the young sap-wood, or albur-
num^ which, forming a cylinder next the cambium, remains alive

and carries on the active functions of the xylem, particularly the
conduction of water. The heait-wood ceases to be of any use to
the tree excejpt as a support, but owing to its dryness and hard-
ness it alone is of much use for industrial purposes. The great
hardness of teak is due to the silica deposited in the heart-wood,
and the special colouring matters of various woods, such as
yellow wood, ebony, &c., are confined to the heart-wood. In
some cases the heart-wood, instead of becoming specially hard,

remains soft and easily rots, so that the trunk of the tree fre-

quently becomes hollow, as is commonly the case in the -willow.

Heart-wood is first formed at very different epochs in the life of a
tree, according to the species—c.^., after fifteen to twenty years in

the oak, forty years in the ash, etc.

In many annual plants no cambium is formed at all, and the
same is true of most perennial Pteridophytes and Monoco-fcyledons.

When the vascular tissue of such plants is arranged
Cambium in separate bundles these are said to be closed. The
in stems, bundles of plants which form cambium are, on the

contrary, called open. In stems with open bundles
the formation of cambium and secondary tissue may be confined

to these, when it is said to be entirely/osctc-itZar. In that case

either very little secondary tissue is formed, as in the gourds,

some Ranunculacese, &c., or a considerable amount may be pro-

duced (clematis, barberry, ivy). In the latter event the cells of

the primary rays are either merely stretched radially, or they
di-ride to keep pace -with the gro^h of the bundles. If this

division occurs by means of a localized secondary mexistem con-

necting the cambial layers of adjacent bundles, a,jx*interfascicular

is formed in addition to the fascicular cambium. The inter-

fascicular cambium may form nothing but parenchymatous tissue,

producing merely continuations of the primary rays. Such rays

are usually broader and more conspicuous than the secondary rays

formed -vWthin the wedges of wooa opposite the primary bundles,

and are distinguished as principal rays from these narrower sub-

ordinate or fascicular rays. This is the typical case in most
trees where the primary bundles are close together. Where the

primary bundles are farther apart, so that the primary rays are

wider, "the interfascicular cambium may form several fairly broad

(principal) secondary rays in continuation of certain radial bands

of the primary ray, and between these, wedges of secondary xylem
and phloem : or, finally, secondary :^lem and phloem may be

form^ by the whole circumference of the cambium, fascicular and
interfascicular alike, interrupted only by narrow secondary rays,

which have no relation to the primary ones.

In a good many cases, sometimes in isolated genera or species,

sometimes characteristic of whole families, so-called anomalous
cambial layers are formed in the stem, either as an extension of,

or in addition to, the original cambial cylinder. They are

frequently associated -with irregularities in the activity of the
original cambium. Irregularity of cambium occurs in various
families of woody dicotyledonous plants, mostly among the woody
climbers, known as lianes, characteristic of tropical and sub-

tropical forests. In the simplest cases the cambium produces
xylem more freely along certain tracts of the circumference than
along others, so that the stem loses its original cylindrical form
and becomes elliptical or loLed in section. In others the second-
ary phloem is produced more abundantly in those places where
the xylem is deficient, so that the stem remains cylindrical in
section, the phloem occupying the hays left in the xylem mass.
Sometimes in such cases the cambium ceases to be active round
these bays and joins across the outside of the bay, where it

resumes its normal activity, thus isolating a phloem lake, or, as
it is usually called, a phloem island, in the midst of the xylem.
The significance of these phenomena, which present many minor
modifications in different cases, is not fully understood

;
but one

purpose of the formation of phloem promontories and islands

seems to be the protection of the sieve-tubes from crushing by the
often considerable peripheral pressure that is exercised on the
stems of these lianes. Sometimes the original cambial ring is

broken into several ares, each of which is completed into an inde-

pendent circle, so that several independent secondary vascular
cylinders are formed. The formation of additional cambial
cylinders or bauds occurs in the most various families of Dicoty-
ledons and in some Gymnosperms. They may arise in the
pericycle or endocycle of the stele, in the cortex of the stem, or in
the parenchyma of the secondary xylem or phloem. The activity
of the new cambium is often associated with the stoppage of the
original one. Sometimes the activity of the successive cambiums
simply results in the formation of concentric rings or arcs of
secondary xylem and phloem. In other cases a most intricate
arrangement of secondary tissue masses is produced, quite impos-
sible to interpret unless all stages of their development have
been followed. Sometimes in lianes the whole stem breaks up into
separate woody strands, often twisted like the strands of a rope,
and running into one another at intervals. An ordinaiy cam-
bium is scarcely ever found in the Monocotyledons, but in certain
woody forms a secondary meristem is formed outside the ])rimary
bundles, and gives rise externally to a little secondary cortex, and
internally to a secondary parenchyma in which are developed
numerous zones of additional bundles, usually of concentric struc-
ture, with phloem surrounded by xylem.
The cambium in the root, whiefi is found generally in those

plants which possess a cambium in the stem, always begins in
the conjunctive tissue internal to the primary „
phloems, and forms new (secondary) phloem in

contact with the primary, and secondary xylem
°

internally. In roots which thicken but slightly, whose
cambium usually appears late, it is confined to these regions.

If the development oS^ secondary tissues is to proceed further,

arcs of cambium are formed in the pericycle external to the
primary xylems, and the two sets of cambial arcs join, forming
a continuous, wavy line on transverse section, with bays oppo-
site the primary phloems and promontories opposite the primary
xylems. Owing to the resistance offered by the hard first-formed

secondary xylem, the bays are pushed outwards as growth pro-

ceeds, and the wavy line becomes a circle. Opposite the primary
xylems, the cambium either (a) forms parenchyma on both sides,

making a broad, secondary (principal) ray, which interrupts the
vascular ring and is divided at its inner extremity by the islet of
primary xylem ; or (&) forms secondary xylem and phloem in the

ordinary way, completing the vascular ring. In either case,

narrow, secondary rays are formed at intervals, just as in the
stem. Ihus the structure of an old thickened root approximates
to that of an old thickened stem, and so far as the vascular tissue

is concerned can often only be distinguished from the latter by
the position and orientation of the primary xylems. The cambium
of the primary root, together with the tissues which it forms, is

always directly continuous with that of the primary stem, just in

the same way as the tissues of the primary stole. The so-called

anomalous cambiums in roots follow the same lines as those of

the stem.
In nearly all plants which produce secondary vascular tissues

by means of a cambium there is another layer of secondary
meristem arising externally to, hut in quite the

same fashion as, the cambium, and producing ^
^

like the latter an external and an internal second-
periderm.

ary tissue. This is the phellogen, and the whole of
^

the tissue it gives rise to is kno-wn as periderm. The phellogen

derives its name from the fact that its external product is the

characteristic tissue known as cork. This consists typically of

closely -fitting layers of cells with completely subenzed walls,

S. I,— S3
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intended to replace the epidermis as the external protective layer

of the plant when the latter, incapable as it is of further growth
after its original formation, is broken and cast off by the increase

in thickness of the stem through the activity of the cambium.
Cork is also formed similarly in the root after the latter has passed

through its primary stage as an absorptive organ, and has its struc-

ture assimilated to that of the stem. The internal tissue formed
by the phellogen is known as phdlodtrmy and consists usually of

ordinary parenchyma. The phellogen may arise, in the first place,

in any tissue of the axis external to the actual vascular tissues

—

4.e., in the epidermis itself (rarely), in any layer of the cortex,

or in the pencycle. Its most usual seat of origin in the stem is

the external layer of the cortex immediately below the epidennis ;

in the root, the pericycle. All the tissues external to the cork
are cast off by the plant. The extent of development of the

helioderm is dependent upon whether the phellogen has a super-

cial or a deep-seated origin. In the former case the formation of
phelloderm is trivial in amount

;
in the latter, considerable, since

this tissue has to replace the cast-off cortex, as a metabolic and
particularly a storage tissue. Provision is made for gaseous
interchange between the internal tissues and the external air

after the formation of cork, by the development of lenticels.

These are special organs which interrupt the continuity of the
impermeable layer of ordinary cork-cells. A lenticel is formed by
the phellogen at a given spot dividing veiy actively and giving
rise to a loose tissue of rounded cells which soon lose their con-

tents, and between which air can pass to the tissues below. A
lenticel appears to the naked eye as a rounded or elongated scar,

often formmg a distinct prominence on the surface ot the organ.
The lenticels of the stem are usually formed beneath stomata,
whose function they take up after the stomata have been ruptured
and cast off with the rest of the epidermis. Both cork and
phelloderm may be differentiated in various ways. The former
often has its cells lignified, and may consist of alternate layers of
hard and soft cells. The latter may develop stereom, and may
also be the seat of origin of new formations of various kinds

—

e.g.

,

supplementary vascular bundles, anomalous cambial zones, etc.

It is often enormously developed and forms a very important
tissue in roots. In the stem of a tree the original phellogen is

replaced hy successive new phellogenie layers of deeper and deeper
origin, each forming its own layer of cork. Eventually the new
phellogens reach the level of the secondary phloem, and are formed
in the parenchyma of the latter, keeping pace in their inward
march with the formation of fresh secondary phloem by the cam-
bium. The complex system of dead and dying tissues cut off by
these successive periderms, together with the latter themselves

—

in fact, everything outside the innermost phellogen, constitutes
what is ofteu known botanioally as the hark of the tree. Mhy-
tidome is, however, a preferable term, as the word bark has long
been established in popular usage to mean all the tissue that can
easily be peeled off

—

i,e.
,
everything down to the wood of the tree.

The rough surface of the bark of many trees is due to the succes-
sive phellogens not arising in regular concentric zones, but forming
in arcs which join with the earlier-formed arcs, and thus causing
the bark to come off in flakes or thick ohhnks. A layer of cork
is re^larly formed in most Phanerogams across the base of the
petiole before leaf fall, so as to cover the wound caused by the
separation of the leaf from the stem. Special “wound-cork” is
also often formed round accidental injuries so as to prevent the
rotting of the tissues by the soaking in of rain and the entrance
of fungal spores and bacteria. A peculiar modification of peri-
derm is formed by the phellogen in the submerged organs (roots
or stems) of many aquatic or marsh-loving plants. This may
take various forms and may cover the whole of the organ or be
localized in special regions ; but its cells are always living and
are separated hy very large intercellular spaces. This tissue is
called aerenchym, and no doubt its function is to facilitate the
respiration of the organs on which it is formed and to which the
access of oxygen is difficult. In other cases, a similar formation
of spongy hut dead periderm cells may occur for the same purpose
in special patches, called jpucurfiatodesj on the roots of certain
trees living in marshy places, which rise above the soil in order
to obtain air.

History and Bibliography.—The study of plant anatomy was
begun m the middle of the seventeenth century as a direct result
of the construction of microscopes, with which a clear view of the
structure of plant tissues could be obtained. The Englishman
Grew and the Italian Malpighi almost simultaneously published
illustrated works on the subject, in which they described, for the
most part very accurately, what they saw with the new instru-
ments. The subject was practically dormant for nearly a century
and a half, largely owing to the dominance of classifioatory botany
under the influence ofLinmeus. It was revived hy several German
workers, prominent among whom were Treviranus and Link, and
later Moldenhawer, ’as well as by bhe Erenchman Mirbel, at the
beginning of the nineteenth century. The new work largely
centred round a discussion of the nature and origin of vcMel^
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conspicuous features in plant tissues which acquired an import-
ance quite out of proportion to their real place in the construction
of the vascular plant. The whole of the writings of this time
are dominated hy a preoccupation with the functions of the dif-
ferent tissues, in itself an excellent standpoint for investigation,
but frequently leading in the case of these early investigators
to one-sided and distorted views of the facts of structure. The
pioneer of modern plant anatomy was Hugo von Mohl (fl. 1840),
who carefully investigated and described the facts of anatomical
structure without attempting to fit them into preconceived views
of their meaning. He produced a solid body of accurately de-
scribed facts which has formed the secure groundwork of sub-
sequent advance. From Mohl down to the eighth decade of
the century the study of anatomy was entirely in the hands
of a group of German investigators, prominent in which are
the names of several of the most eminent founders of modern
scientific botany—such, for instance, as Hageli, Sanio, and De
Bary. To the first we owe the secuie foundation of our knowledge
of tne structure and course of the vascular stiands of the higher

S
lants (“ Ueber den Ban iind die Anordniing der Gefassbundel bei
en Stamm und Wurzel der Phanerogamen,” Beitragc zur Wissen-

schafthchen Botanik^ Heft i., Leipzig, 1859) ;
to the second the

establishment of the sound morphological doctrine of the central
cylinder of the axis as the starting-point for the consideration of
the general arrangement of the tissues, and the first clear distinc-
tion between primary and secondary tissues {Botanische Zcitung,
1861 and 1863) ;

to the last the putting together of the facts of
plant anatomy known up to the middle of the eighth decade of
the century in that colossal encyclopaedia of plant anatomy, the
Y&rgleichmids Anatomie der Yegetationsorgane hei den Phanero-
gamen mid Famen, Stuttgart, 1876. (English translation ; Com-
parative Anatomy of the Yegetatwe Organs of the Phanerogams and
Pernss Oxford, 1882.) In 1870-71, Van Tieghem published his
great work, “Sur la Racine,” A7ui. Sci. Nat. Bot. Paiis. This
was not only in itself an important contribution to plant anatomy,
but served as the starting-point of a series of researches hy Van
Tieghem and his pupils, which have considerably advanced our
knowledge of the details of histology, and also culminated in the
foundation of the doctrine of the stele (Van Tieghem and Douliot,
“Sur la Polystelic,” Ann. Bei, Nat. Bot. 1887 ; Van Tieghem,
Traiti de Botamque, 2nd ed. Paris, 1889-91), which has had a
most important effect on the development in recent years of
morphological anatomy. In the progress of the last quarter
of a century, since the publication of De Bary’s great work,
four main lines of advance can be distinguished. First, the
knowledge of the details of histology has of course advanced
greatly in every direction thioiigh the ceaseless activity of
very numerous, but mainly German, workers, though no funda-
mentally new types of tissue have been discoveied. Secondly,
the histology of fossil plants, particularly woody plants of the
epboniferous period, has been placed on a sound basis, as-
similated with general histological doctrine, and has consider-
ably enlarged our conceptions of plant anatomy as a whole,
though again without revealing any entirely new types of struc-
ture. This branch of the subject, founded by Ooria, Goppert,
Stenzel and others in Germany, was enormously advanced by
Williamson’s work on the Coal Measures plants, recoided in the
magnificenc series of memoirs, “ Researches on the Organization
of Fossil Plants of the Coal Measures,” Phil. Trans. Boy. Boc.
i. -xix., 1871-93. The work of Solms Laubach in Germany, Renault
and Bertrand in France, and in guite recent years, of Zeiller
in France, and Scott and Seward in England, has advanced our
knowledge of the anatomy of fossil plants in an important degree.
While convincing us that the plants of past ages in the earth’s
history were exposed to very similar conmtions of life, and made
very much the same adaptive responses as their modern repre-
sentatives, one of the main results of this line of work has been
to reveal important data enabling us to fill various gaps in our
morphological knowledge and to obtain a more complete picture
of the evolutio;i of tissues in the vascular plants. One of the
most striking incidents in the progress has Been the recognition
within the last few years of the existence of an extinct group of
plants lying on the borderland between Ferns and Gymnosperms,
and known as the Cycadofilices, a group in which, curiously
enough, the reproductive organs have not yet been discovered, but
the anatomy of whose members affords sufficient evidence of their
true affinities. Thirdly, we have to record very considerable
progress in our knowledge of that distinctively morphological
anatomy to which reference was made in the introduction to
article. The Russian plant-anatomist, Russow, may be said to
have founded the consideration of plant tissues from the point of
view of descent (

Vergleichende XfntersvNmngen iiher die Leithimdel-
kryptogamen. St Petersburg, 1872; and Betrachtung&n iiber

LeitbUndel und Grundgewebe. Dorpat, 1875). He has been ably
followed by Strasburger {Ueher den Bau und die Yerrichtwngen
der Leitungshahnen in den Pf^nzen, Jena, 1891), Haberlandt
and others. The explicit adoption of this point of view has had
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the effect of clearing up and rendering definite the older morpho-
logical doctrines, which for the most part had no fixed criterion

by which they could be tested. This has been conspicuously the
case with regaid to Yan Tieghem’s famous doctrine of the sielt,

which has quite lately been severely criticized fiom this point of
view in England and America, where morphological anatomy is

at the present time being actively pursued by Scott, Gwynne-
Vaughan, Jeffrey, and others. Fourthly, ve have to recoid the

foundation of the modern study of physiological anatomy by
Schwendener {Bas meckomisofie Princip im J3au der Momcotylen,

1874, and other works), followed by numerous pupils and others,

among whom Haberlandt {Physiologisehe Pjianzen-AnaAomie, Leip-

zig, 1st ed. 1884, 2nd ed. 1896, and other works) is pre-eminent.

The pursuit of this study has not only thrown valuable light on
the economy of the plant as a whole, but forms an indispensable

condition of the advance of morphological anatomy,

(a. G, T.)

All3.Za.rb^ Ariazarhus^ or Ccesarea ad Anazarhuin^

the metropolis of Cilicia Secunda, situated N.E. of Adana
in the rich Cilician plain at the foot of an isolated ridge

of rock upon -which stood its acropolis. In the 12th

century it was for a time the capital of Lesser Armenia,
and its ruins are striking and interesting.

AnCd.ChSy a coast department of central Peru, -with

an area of 16,562 square miles, and a population officially

estimated at 428,703. It embraces seven provinces, Santa,

with the town of Santa (population, 3000) ;
Pallasca, with

•the town of Samanco (2000) ;
Pomabamba, with the town

of Huarmey (1500); Huaraz, with the town of Huaraz

(8000) ;
Huaylas, with the town of Huaylas (6000) ;

Huari,

and Cajartambo. In the sierra are the important towns of

Caraz (6000) and Carhuaz (5000).

Anchori the instrument which, secured to a ship by
a cable, enables her to ride in safety, and therefore forms

one of the most important articles in the vessePs equip-

ment. Until the beginning of the 19th century anchors

were of imperfect

manufacture, the

means of effecting

good and efficient

welding being ab-

sent and the iron

poor, whilst the

arms, being straight,

generally parted at

the crown, when
weighing from good
holding ground,
Mr Pering in the

early part of the

century introduced

„ , , ^ curved arms; and
Fig. 1.—Improved Martm Anchor. . . . ^

twenty - five years

later, the Admiralty anchor, under the direction of the

Board, was supplied to H.M. ships, followed by Lieutenant

(afterwards Cap-

tain) EodgePs
anchor, with well-

formed arms,
shank, and crown,

the points or pees

to the palm being

blunt. This anchor

had an excellent

reputation amongst
nautical men of

that period. The
Committee on An-
chors, appointed by
the Admiralty in

1852, placed at the Fig. 2.—Improved Martm-Adelphi Anchor.

head of the list Trotman and Eodger’s anchors. In the

former a great departure from previous anchors was made,

the arms in one piece pivoted on a bolt through a fork-

^aped shank
;
later came the seK-canting and close-stowing

Martin anchor, which, passing through successive improve-

ments in design and manufacture, is largely used in the

Eoyal Navy and mercantile marine.

The improved Martin anchor (Fig. 1) is made of forged

iron
;
a projection in the centre of the arms works in a

recess at the heel of the shank
;
the arms when in position

are secured by side plates close to the heel of the shank
;

the vacancies outside the

shank are filled by blocks

bolted through on each side

and are flush with the side

plates, the latter keeping

the flukes in position. The
introduction of cast-steel in

1894 led to the improved Fig. 3.—Hairs Stocldess Anchor.

Martin - Adelphi pattern

(Fig. 2). The crown and arms are cast in one, and,

with the stock, are made of cast-steel, the shank remain-

ing of forged iron; a projection in the crown works
in a recess (lower Fig. 2), secured in its place by a forged

Fig. So.—

H

all's Stockless Anchor stowed.

steel pin passing through crown and heel of shank ; a nut

with washer is fitted to the pin. Stockless anchors are ex-

tensively used in the British mercantile marine and in some
foreign navies

;
their

advantages are

—

handiness, absence of

davits, and a clear fore-

castle for right ahead

gun fixe or for working

ship. Should experi-

ence prove that a

stockless anchor pos-

sesses the same hold-

ing power as a stocked

one, it will supersede
Fio.4.-Riley's Stockless AEchor.

stockless anchor is shown in Figs. 3 and 3a, and

Riley's in Fig. 4, The latter is made in three pieces
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—a a fast fluke, and a loose one ;

the fast

fluke has a square end cast on the neck, and is

passed through the shank, and the loose one is riveted

and pinned on to the square end ; a deep vertical rib or

flange is cast at the back of the flukes, and, together with

the stops on the shank, serves to tilt the flukes at an angle

for taking the ground. To stow an anchor in a modern

man-of-war it is hove up close to the forefoot, and the

inner end of a ground chain which is stopped and
secured to the cable will be inside the hawse pipe, whilst

its outer end is soured to a balancing (gravity) band, con-

sisting of an iron strap and shackle on the shank of the

anchor. Before weighing, the outer end of the catting

chain is rove through an iron leading block on the cat

davit, and the iron swivel block (Fig. 5, AA) at the cat-

Fiq, 6.—Anchor stowed A Cock BiU.

head, and taken in through the hawse pipe j when the

inner end of the ground chain is sufficiently inboard, the
ground and catting chains are joined and the latter brought
to the capstan, and the dnchor hoisted up horizontally and
placed by the cat davit, which pivbts at its base (Fig. 5,

B) on the bill-board, and Secured ty chains
;
an end of

emSx chain passing over a rod with lever for letting go

;

additional chains are employed for securing at sea. For
right ahead fire and for sea, the cat davit hinged

(Fig. 5, B) is stowed in position indicated by the dotted

line (Fig. 5, C). Ground and catting chains are being

superseded in some ships by a wire pendant and cat hook,

the anchor being hove close up to the hawse pipe. To
avoid cutting away a portion of the forecastle, anchors are

stowed a Cock Bill (Fig. 6), the crowns resting on iron

shoes secured to the ship's side, the flukes being fore and
aft; the cat-heads are short. To let go, the securing

chains are cleared away, except the shank painters, which are

freed by the rod A, actuated by the lever B
;
additional

securing chains and bolts (EE and EE) are used for sea.

A difficulty is experienced in stowing the anchor when
pitching or rolling heavily. Fig. 7 illustrates an anchor

Fig. T, Anclior Crane.

with cat davit or anchor crane used in the P. & O. K, N.
Company steamers (“India class 8000 tons”); for sea the

anchor is stowed inboard by the anchor crane. The equip-

ment of anchors for this class is ; bowers—two Rodger's

box stocked 58 cwt.and two Hall's stockless 66 cwt.; stream

—one Hall's 28 cwt.
;
kedges—one Martin, 13| cwt., two*

Martin, 8 cwt., and one Martin, 6 cwt. Stern, stream, and
kedge anchors are usually stowed by special davits. A
portable anchor suitable for small yachts is the invention of

Mr Louis Moore; the shank passes through the crown of the

anchor like the handle of a pickaxe, and the stock over the

head of the shank ; at the end of the stock are loose pawls

;

there are no keys or bolts, and the only fastening is for

the cable ; the anchor takes to pieces readily and stows

snugly. In 1890 Colonel BuckneU
also invented a portable anchor for

small yachts. Iron buoy sinkers

(Fig. 8) used by the Trinity House
Corporation are from 8 to 40 cwt.

;

specified weight is cast on them
in large raised figures

;
the cast and

wrought iron used is of special quality ;
samples are i>re-

viously submitted to the engineer-in-cldef.

The tests for anchors supplied to H.M. ships are in tons'

proportionate to their weights in cwts. ; new anchors are

supplied by eontractors, but repairs afterwards are made
in H.M. dockyards, and by stamping a record is kept on
the anchor of its repairs. In “ Anchors and Cables Act,

1899,” a list is given of authorized testing establishments,

with their distinctive marks and charges, and testing houses

for foreign-owned vessels are in table 22 of Lloyd's

Register of JBritish and Foreign Shipping. Cast-steel

anchors, in addition to the statutory tests, are subjected tO’

percussive, hammering, and bending tests, and are stamped
“annealed steel.” (j. w. d.)

Anchovy {Engravli^ e7icr<isicholus\ a fish of the

herring family, easily distinguished by its deeply cleft

mouth, the angle of the gape being behind the eyes. The
pointed snout extends beyond the lower jaw. The fish
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resembles a sprat in having a forked tail and a single

!

dorsal fin, but the body is round and slender. The maxi-
mum length is 8|- inches. Anchovies are abundant in the
Mediterranean, and are regularly caught on the coasts of
Sicily, Italy, France, and Spain. The range of the species

also extends along the Atlantic coast of Europe to the south
ofNorway. In mnter it is common offDevon and Cornwall,
but has not hitherto been caught in such numbers as to
be of commercial importance. Off the coast of Holland
in summer it is more plentiful, entering the Zuyder Zee in
such numbers as to give rise to a legular and valuable
fishery. It is also taken in the estuary' of the Scheldt.
There is reason to believe that the anchovies found at
the western end of the English Channel in November and i

December are those which annually migrate from the
|

Zuyder Zee and Scheldt in autumn, returning thither in
|

the following spring; they must be held to form an !

isolated stock, for none come up from the south in
j

pmmer to occupy the English Channel, though the species

w is resident on the coast of Portugal. The explanation i

appears to be that the shallow and land-locked waters of

the Zuyder Zee, as well as the sea on the Dutch coast, be-

come raised to a higher temperature in summer than any
part of the sea about the British coasts, and that therefore

anchovies are able to spawn and maintain their numbers
in these waters. Their reproduction and development were
first described by a Dutch naturalist from observations

made on the shores of the Zuyder Zee. Spawning takes

place in June and July, and the eggs, like those of the

majority of marine fishes, are buoyant and transparent,

but they are peculiar in having an elongated, sausage-like

shape, instead of being globular. They resemble those of

the sprat and pilchard in having a segmented yolk, and
there is no oil globule. The larva is hatched two or three

days after the fertilization of the egg, and is very minute
and transparent; its further development has not been
traced. In August young specimens 1|- to inches in

length have been taken in the Zuyder Zee, and these must
be held to have been derived from the spawning of the

previous summer. There is no evidence to decide the

question whether all the young anchovies as well as the

adults leave the Zuyder Zee in autumn, but, consider-

ing the winter temperature there, it is probable that

they do. The eggs have also been obtained fiom the

Bay of Naples, and near Marseilles, also off the coast

of Holland, and once at least off the coast of Lancashire.

The occurrence of anchovies in the English Channel has

been carefully studied at the laboratory of the Marine
Biological Association at Plymouth. They were most
abundant in 1889 and 1890. In the former year con-

siderable numbers were taken off Dover in drift nets of

small mesh, used for the capture of sprats. In the follow-

ing December large numbers were taken together with

sprats at Torquay. In November 1890 a thousand of the

fish were obtained in two days from the pilchard boats

fishing near Plymouth
;
these were caught near the Eddy-

stone. When taken in British waters anchovies are either

thrown away, or sent to the market fresh with the sprats.

If salted in the proper way, they would doubtless be in all

respects equal to Dutch anchovies, if not to those imported

from Italy. The supply, however, is small and inconstant,

and for this reason English fish-curers have not learnt the

proper way of preparing them. The so-called “ Norwegian

anchovies” imported into England in little wooden kegs

are nothing hut sprats pickled in brine with b^ay-leaves

and whole pepper. (j. T. o.)

Anconal one of the sixty -nine provinces of the

kingdom of Italy, bounded on the N. by the Province

of Pesaro-tJrbino; on the W. by Pesaro-XJrhino and
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Umbria; on the S. by the Province of Macerata; and
on the E. by the Adriatic Sea. It has an area of 788
square miles and a population of (1901) 302,460. Owing
largely to the mezzadrixi or itiietayer system, under which
products are equally divided between the owners and the

cultivators of the land, the soil is highly cultivated
;
and

through the abundant harvests the people enjoy greater

prosperity than in most of the other provinces. Fowls
are largely exported to England. The silk cultivation pro-

vides occupation for the urban population, and several

small cities, like Opino, Jesi, and Chiaravalle, depend
almost entirely upon this industry. Another important
branch of activity is the paper industry, Chiaravalle

possesses one of the largest tobacco factories of the Italian

Regie, Limestone quarries and sulphur mines supply
building stone and sulphur to the regions of Central

Italy. The Adriatic shore and the adjacent districts

provide the wealthy with favourite summer resorts. As
regards maritime trade the province possesses facilities in

the port of Ancona, the canal port of Sinigaglia, and other

smaller harbours chiefly used by fishing boats. Fishing is

carried on by the entire coast population, which furnishes

a large contingent of sailors to the Italian navy. The
character of the country population is quiet and peaceable.

All are fervent Roman Catholics.

Ancona, an Italian city, capital of the province

of the same name, pleasantly situated upon the Adriatic

about 124 miles from Bologna and more than 186 miles

from Rome. The extensive works undertaken by the

Italian Government in order to enlarge the fortifications

and to purify some quarters of the city have considerably

changed its aspect, which is now rendered more pleasing

by wide streets and esplanades. The Gothic fagade of

the cathedral is among the most beautiful in Italy.

There is a lazzaretto begun by Pope Clement XII. and
finished by Kus YL, to whom is also due the finest street

of the city and an arch (Porta Pia), by Vanvitelli. The
chief monuments are those to Clement XII. and to Cavour.

The municipal palace dates from 1270, and contains a

valuable picture gallery and library. The Merchants’

Guild and the Theatre of the Muses display exquisite

workmanship. Several large bathing establishments, thor-

oughly modernized, are thronged by visitors in the summer
months. The smaller triumphal arch erected near to that

in honour of Trajan is dedicated to Pope Clement XIV.,

who reconstructed and enlarged the harbour and declared

Ancona a free port (it is so no longer) in the 18th century.

Its two moles and dredging works confer upon the port

(which is furnished with a powerful lighthouse) great

security and a considerable anchorage. There is an arsenal

and a dockyard. Numbers of mercantile steamships are

constructed, and important commissions are executed for

the Italian navy every year. Trade has now regained its

former volume, and the receipts of the Customs House are

but little inferior to those of Venice. In 1898 commerce
comprised 235,000 tons of seaborne and 32,000 tons of

land imports; 48,000 tons of exports by sea and 23,000

tons by land ;
steamers visiting the port, 599 (of which

60 were British)
;

sailing vessels, 468, Ancona is in

direct steamship communication with the chief European
countries, as well as with Asia Minor, Tunis, India, and
South America, The chief manufactures are metalliirgy

(the arsenal alone employs 2000 workmen), sugar refining

(1000 workmen), compressed coal, soapmaking, tanning,

and silk-spinning. Though the great majority of the

people belong to the monarchical party, Ancona is con-

sidered the h^quarters of anarchism. According to Pliny,

Ancona was founded by the Dorians about 1500 B.a

Population (1901), 56,825.
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Andaman Islands.—These islands lie in the

Bay of Bengal, 120 miles from Cape Negrais in British

Burma. The southernmost, Little Andaman (26 miles by

16), is separated by a passage 31 miles wide from Eutland

Island (11 miles long), which in turn is the southernmost

of a group of five main islands together forming the Great

Andaman. North of Kutland Island is South Andaman

(4:9 miles), and for 17 miles from the north end, and

parallel to the east shore of this, runs an island called

Baratang. Beyond these again stretch Middle Andaman
(59 miles), and North Andaman (51 miles). Between the

North and Middle Andamans lies Austen Strait
;
between

Middle Andaman and the north extremities of South

Andaman and Baratang, Homfray's Strait
;
between South

Andaman and Baratang, Middle (or Andaman) Strait;

and between South Andaman and Eutland Island,

Macpherson’s Strait, the only one of the four navigable by
ocean-going vessels. The sea all around is most difficult

of navigation, but there are a number of safe harbours

and anchorages around Great Andaman, and the charts

generally were much improved by a survey in 1888-89,

the chart resulting from which is in turn being continually

amended. The whole group was completely surveyed

topographically in 1883-86, when accurate maps on the

scale of 2 miles to the inch were produced. The neigh-

bourhood of Port Blair was mapped on a scale eight times

as large.

Geology. — Preliminary examinations undertaken by official

expel ts have afforded all that is yet known of the geology. The
submarine ridges forming these islands contain much that L
characteristic of the Arakan Yomas and formations common to the

Nicobars, Sumatra, and the islands off Sumatra. The older rocks

are probably early Tertiary or late Cretaceous, but there are no
fossils to indicate age. The newer rocks are in the Archipelago
chiefly and contain radiolarians and foraminifeia. A theory of the
subsidence of the islands seems established

;
it appears to be of

recent origin and signs of its continuance aie to be found at several

places. Though lying alon^ a recognized subterranean line of

weakness, the islands have, since the British occupation (1858) at

least, beeu entirely free from earthquakes of great violence, but
shocks are felt at more or less frequent intervals. Narcondam
(extinct) and Barren Island are volcanoes of the general Sunda
group. The sea-shells are not specially distinctive, but the land-
shells are more noteworthy.

Meteorology .—Rarely affected by a cyclone, though within the
influence of practically every one that blows in the Bay of Bengal,
the Andamans are of the greatest importance because of the
accurate information relating to the direction and intensity of
storms which can be communicated from them, better than from any
other point in the Bay, to the vast amount of shipping in this
part of the Indian Ocean. Trustworthy information, also,

regarding the weather which may be expected in the north and
east of India is obtained at the islands, and this proves of the
utmost value to the controllers of the great trades dependent upon
the rainfall. A well-ap]jointed meteorological station has been
established at Port Blair since 1868. Speaking generally, the
climate of the Andamans themselves may be described as normal
for tropical islands of similar latitude. Not only does the rainfall
at one place vary from year to year, but there is an extraordinary
difference in the returns for places quite close to one another. The
official fibres in inches for the station at Port Blair, which is
situated in by far the driest part of the settlement, were

:

1896. 1896. 189?. 1898 . 1899.

125-64 107*28 136*41 127*22 87-01

The mean highest temperature in the shade in 1895 (April) was
90 -r F.

; in 1897 (April), 94° F.
;
in 1899 (March), 91*8° F, The

mean lowest temperature in the shade in 1895 (February) was
70-9° F.; in 1897 (January), 72*5° F.

; in 1899 (February),
71 "2 F. A tidal observatory has also been maintained at Port
Blair since 1880,

^
Forests,—-In the forests which cover the Great Andaman the

timber available for economic purposes is both plentiful and
varied and the supply is only limited by the difficulty of obtaining
labour. A section of tbe general forest department of India has
been established in the islands, and 156 square miles have been
formally set apart for regular forest operations in the neighbour-
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hood of Port Blair. There is, however, no indigenous labour
whatever, and the working of this area is entirely carried out by
the convicts in the penal settlement. There is an export trade

in timber both to Calcutta and to Europe, and the Andaman
Padouk is so highly valued in European markets as a substitute

for mahogany that a spurious imitation known as African Padouk
has been exploited. Tea is grown m considerable quantities, and
the cultivation is under a department of the penal settlement.

The output in 1895 was 145,203 R>
;
in 1897, 121,056 H> ; in 1899,

154,004 Ib.

Animals.—Of imported animals, cattle, goats, asses, and dogs
thrive well

;
ponies and horses, indifferently

;
sheep, badly,

though some success has been achieved in breeding them.

Aborigines.—The policy of conciliation unremittingly

pursued for the last forty years has now secured a friendly

reception for shipwrecked crews at any port of the islands

except the south and west of Little Andaman and North
Sentinel Island. The population is not susceptible of

census, but probably it has always been small. Local

expert guesses do not now place it higher than from 2500
to 3500, and though it is commonly asserted that the

natives are going down before superior civilization, it is

doubtful whether, except in the immediate neighbourhood
of the penal settlement, there is as yet any permanent
change in their numbers. Though all descended from one
stock, there are ten distinct tribes of the Andamanese,
each with its own clearly defined locality, its own distinct

variety of the one fundamental language, and to a certain

extent its own separate habits. Every tribe is divided

into septs fairly well defined. The tribal feeling may be
expressed as friendly within the tribe, courteous to other

Andamanese if known, hostile to every stranger,

Andamanese or other. Another division of the natives

is into Aryauto or long-shore-men, and the Eremtaga or

jungle-dwellers. The habits and capacities of these two
differ, owing to surroundings, irrespectively of tribe. Yet
again the Andamanese can be grouped according to certain

salient characteristics : the forms of the bows and arrows,

of the canoes, of ornaments and utensils, of tattooing, and
of language. The average height of males is 4 ft. 10^ in.

;

of females, 4 ft. 6 in. Being accustomed to gratify every

sensation as it arises, they endure thirst, hunger, want of

sleep, and bodily discomfort badly. The skin varies in

colour from an intense sheeny black to a reddish-brown on
the collar-bones, cheeks, and other parts of the body.

The hair varies from a sooty black to dark and light brovm
and red. It grows in small rings, which give it the

appearance of growing in tufts, though it is really closely

and evenly distributed over the whole scalp. The figures

of the men are muscular and well-formed, and generally

pleasing
;
a straight, well-formed nose and jaw are by no

means rare, and the young men are often distinctly good-

looking. The only artificial deformity is a depression of

the skull, chiefiy among one of the southern tribes, caused

by the pressure of a strap used for carrying loads. The
pleasing appearance natural to the men is not a char-

acteristic of the women, who early have a tendency to

stoutness and ungainliness of filgure, and sometimes to

pronounced prognathism. They are, however, always

bright and merry, are under no special social re-

strictions, and have considerable infiuence. The women’s
heads are shaved entirely, and the men’s into fantastic

patterns. Yellow and red ochre mixed with, grease are

coarsely smeared over the bodies, grey in coarse patterns,

and white in fine patterns resembling tattoo marks.

Tattooing is of two distinct varieties. In the south the

body is slightly cut by women with small flakes of glass

or quartz in zigzag or lineal patterns downwards. In

the north it is deeply cut by men with pig-arrows in

lines across the body. The male matures when about

fifteen years of age, marries when about twenty-six, begins

to age when about forty, and lives on to sixty or sixty-five
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if lie reaches old age. Except as to the marrying age,
these figures fairly apply to women. Before marriage free
intercourse between the sexes is the rule, though certain
conventional precautions are taken to prevent it. Marriages
rarely produce more than three children, and often none
at all. Divorce is rare, unfaithfulness after marriage not
common, and incest unknown. By preference the
Andamanese are exogamous as regards sept and endoga-
mous as regards tribe. The children are possessed of a
bright intelligence, which, however, soon reaches its

climax, and the adult may be compared in this respect
with the civilized child of ten or twelve. The Andamanese
are, indeed, bright and merry companions, busy in their

own pursuits, keen sportsmen, naturally independent, and
not lustful, but when angered, cruel, jealous, treacherous,

and vindictive, and always unstable—in fact, a people to

like but not to trust. There is no idea of government,
but in each sept there is a head, who has attained that

position by degrees on account of some tacitly admitted
superiority and commands a limited respect and some
obedience. The young are deferential to their elders.

Offences are punished by the aggrieved party. Property
is communal, and theft is only recognized as to things of

absolute necessity, such as arrows, pig’s fiesh, and fire.

Fire is the one thing they are really careful about, not
knowing how to renew it. A very rude barter exists

between tribes of the same group in regard to articles not

locally obtainable. The religion consists of fear of the

spirits of the wood, the sea, disease, and ancestors, and
of avoidance of acts traditionally displeasing to them.
There is neither worship nor propitiation. An anthropo-

morphic deity, Puluga, is the cause of all things, but it is

not necessary to propitiate him. There is a vague idea

that the “ soul ” will go somewhere after death, but there

is no heaven nor hell, nor idea of a corporeal resurrection.

There is much faith in dreams, and in the utterances of

certain “ wise men,” who practise an embryonic magic and
witchcraft. The great amusement of the Andamanese is a
formal night dance, but they are also fond of simple games.

The bows differ altogether with each group, but the same
two kinds of arrows are in general use

: (1) long and
ordinary for fishing and other purposes

; (2) short with a
detachable head fastened to the shaft by a thong, which
quickly brings pigs up short when shot in the thick jungle.

Bark provides material for string, while baskets and mats
are neatly and stoutly made from canes, and buckets out of

bamboo and wood. None of the tribes ever ventures out

of sight of land, and they have no idea of steering by sun

or stars. Their canoes are simply hollowed out of trunks

with the adze and in no other way, and it is the smaller

ones which are outrigged
;
they do not last long and are

not good sea boats, and the story of raids on Car Nicobar,

out of sight acro^ a stormy and sea-rippled channel, must

be discredited. Honom' is shown to an adult when he

dies, by wrapping him in a cloth and placing him on a

platform in a tree instead of burying him. At such a
time the encampment is deserted for three months. The
Andaman languages are extremely interesting from the

philological standpoint. They are agglutinative in nature,

show hardly any signs of syntactical growth, though every

indication of long etymological growth, give expression to

only the most (hrect and the simplest thought, and are

purely colloquial and wanting in the modifications always

necessary for communication by writing. The sense is

largely eked out by manner and action. Mincqpie is the

first word in Colebrooke’s vocabulary for “ Andaman
Island, or native country,” and the term has thus become

a persistent book-name for the people. It, or some-

thing like it, was probably one of the tribal names when

Colebrooke wrote 120 years ago, and may be used now,
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but this cannot be ascertained- Attempts to civilize the

Andamanese have met with little success either among
adults or children. The home established near Port Blair

is used as a sort of free asylum which the native visits ac-

cording to his pleasure. The policy of the government
is to leave the Andamanese alone, while doing what is

possible to ameliorate their condition.

JPenal Settlement.—The point of enduring interest as regaids the

Andamans is the penal system, the object of vhich is to turn the
life-sentence and lew long-sentence convicts, who alone are sent to

the settlement, into honest, self-iespecting men and women, by
leading them along a continuous course of practice in self-help and
self-restraint, and by offering them every inducement to take
advantage of that practice. After ten years’ graduated labour tlie

convict is given a ticket-of-leave and becomes self-supporting. He
can farm, keep cattle, and marry or send for his family, but he
cannot leave the settlement or be idle. With approved conduct,

however, he may be absolutely released after twenty to twenty-five

years in the settlement
;
and throughout that time, though

possessing no civil rights, a quasi-judicial procedure controls all

punishments inflicted upon him, and he is as secure of obtaining

justice as if free. There is an unlimited variety of work for the
labouring convicts, and some of the establishments are on a large

scale. The general and nidrine steam and hand woikshops
employ 574 men; 72,000 burnt bricks are turned out daily

during the season; in building the Cellular Jail some 30,000,000

bricks were used. Yery few experts are employed in super-

vision
;

practically everything is directed by the officials, w’ho

themselves have first to learn each trade. Undei the Chief
Commissioner, who is the supreme head of the settlement, are a
deputy and a staff of assistant superintendents and overseers,

almost all Europeans, and sub - overseers, who aie natives of
India. All the petty supervising establishments are composed
of convicts. The ganison consists of 140 British and 300
Indian troops, with a few local European volunteers. The police

are organized as a military battalion 643 strong. The number
of convicts has somewhat diminished of late years, and m 1900
stood at something over 11,000. The total population of the
settlement, consisting of convicts, their guards, the supervising,

clerical, and departmental staff, with the families of the latter,

also a certain number of ex-convicts and tiading settlers and their

families, numbers about 13,000 males and 2000 females. The
labouring convicts are distributed among four jails and nineteen
stations

; the self- supporters in thirty -eight villages. The
elementary education of the convicts’ children is compulsory.

There are four hospitals, each under a resident medical officer,

under the general supervision of a senior officer of the Indian
Medical Service, and medical aid is given free to the whole
population. The harbour of Port Blair is well supplied with buoys
and harbour lights, and is crossed by ferries at fixed inteivals,

while there are several launches for hauling local traffic. On Boss
Island there is a lighthouse visible for nineteen miles. A complete

system of signalling by night and day on the Morse system is

worked by the police. Local posts are frequent, but there is no
telegraph, and the mails are irregular A system of wireless

telegraphic communication with India is in contemplation. In

1898 there were among the convicts 36 Christians, 2752
Mahommedans, 6585 Hindus, 1758 Buddhists, and 70 others.

The convict death-rate was 25 per 1000, and 173 were set free after

twenty to twenty-five years’ average transportation. 265 children

attended the school. Of 88 applications for permission to marry,

47 were granted. The total receipts (actual cash from timber, &c,,

apart from the value of the convict labour as such) in 1898
amounted to £36,359, as compared with only £27,826 in 1894,

hut with £50,421 in 1897. Expenditure, on the other hand, in

1898 amounted to £103,861, as compared with only £93,963 m
1894, hut with £112,170 in 1897. Thus the net cost to Govern-

ment in 1898 was £67,502 ;
and the net annual cost per convict,

£6T. The variation in the amounts for different years is largely

due to the fact that the forest year does not coincide with the

revenue year, and to the great distance from London, whence
payments are made.

Authorities.—Since 1875 there has been extensive research

into the Andamanese and their country. The following books will

be found to contain most of the necessary references:— Man.
Aborigiml InTiahUaMs of the Aoidaman Islands. London, 1883.

—

PoRTMAN. Eistory of our Relations with the Andamanese. Cal-

cutta, Government, 1899 ;
Eotes on the Languages of the South

Andaman Group of Tribes. Calcutta, Government, 1898 ;
and Record

of the Andamanese, xi. vols. MS. India Office, Lon^n, and Home
Department, Calcutta.—

D

e Polin. Mollusques des lies Andamans.

Bordeaux, 1879.—Temple. Commercial Value of Wireless TeU"

graphic Qemmumccdim with the Andaman and Nicobar lsland>s.

Calcutta, 1899. (e. 0. T.)
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Anderlecht, a town of Belgium, in the province

of Brabant, 3 miles W. of Brussels, with numerous

manufactures. It was formerly a part of Brussels, but

was erected into a separate commune in 1895, Population

(communal) (1897), 41,862.

Andersen, Hans Christian (1805-1875),

Danish poet and fabulist, born at Odense, in Funen,

on the 2nd of April 1805, He was the son of a sickly

young shoemaker of twenty-two, and his still younger

wife : the whole family lived and slept in one little room.

Andersen very early showed signs of imaginative tempera-

ment. which was fostered by the indulgence and super-

stition of his parents. In 1816 the shoemaker died, and

the child was left entirely to his own devices. He ceased

to go to school
;
he built himself a little toy-theatre, and

sat at home making clothes for his puppets, and reading

all the plays that he could borrow
;
among them were those

of Holberg and Shakespeare. At Easter 1819 he was
confirmed at the church of St. Kund, Odense, and began

to turn his thoughts to the future. It was thought that

he was best fitted to be a tailor; but as nothing was
settled, and as Andersen wished to be an opera-singer, he
took matters into his own hand, and started for Copenhagen
in September 1819, There he was taken for a lunatic,

snubbed at the theatres, and nearly reduced to starvation,

but he was befriended by the musicians Weyse and
Siboni, and afterwards by the poet Guldberg. His voice

failed, but he was admitted as a dancing pupil at the Hoyal
Theatre. He grew idle, and lost the favour of Guldberg,

but a new patron appeared in the person of Jonas Collin,

the director of the Royal Theatre, who became Andersen’s

life-long friend. King Frederick VI. was interested in the

strange boy, and sent him for some years, free of charge,

to the great grammar-school at Slagelse. Before he started

for school he published his first voliune, The Ghost at

Palnatoke^s Grave^ 1822. Andersen, a very backward and
unwilling pupil, actually remained at Slagelse and at

another school in Elsinore until 1827 ;
these years, he

says, were the darkest and bitterest in his life, Collin at

length consented to consider him educated, and Andersen
came to Copenhagen. In 1829 he made a considerable

success with a fantastic volume entitled A Jomney on Foot
from HolmarCs Canal to the East Fomt of Amager^sjxd he
published in the same season a farce and a book of poems.
He thus suddenly came into request at the moment when
his friends had decided that no good thing would ever come
out of his early eccentricity and vivacity. He made little

further progress, however, until 1833, when he received a
small travelling stipend from the king, and made the first

of his long European journeys. At Le Lode, in the Jura,
he wrote Agnate and the Merman; and in October 1834
he arrived in Rome. Early in 1835 Andersen’s novel, The
Improvisatore^ appeared, and achieved a real success

; the
poet’s troubleswere at an end at last. In the same year, 1 835,
the earliest instalment of Andersen’s immortal Fairy Tales
(Eventyr) was published in Copenhagen. Other parts,

completing the first volume, appeared in 1836 and 1837.
The value of these stories was not at first perceived, and
they sold slowly. Andersen was more successful for the
time being with a novel, 0. T, and a volume of sketches,

In Sweden; in 1837 he produced the best of his romances,
Only a Fiddler. He now turned his attention, with but
ephemeral success, to the theatre, but was recalled to his
true genius in the charming miscellanies of 1840 and
1842, the Fictwre-'Book without Pictures^ and A Foetus

Bazaar. Meanwhile the fame of his Fai/ry Tales had been
steadily rising; a second series began in 1838, a third in
1845. Andersen was now celebrated throughout Europe,

. although in Denmark itself there was stiU some resistance

to his pretensions. In June 1847 he paid his first visit to

England, and enjoyed a triumphal social success
;
when he

left, Charles Dickens saw him off from Ramsgate Pier.

After this Andersen continued to publish much
;
he still

desired to excel as a novelist and a dramatist, which he
could not do, and he still disdained the enchanting Fairy
Tales, in the composition of which his unique genius lay.

nevertheless he continued to write them, and in 1847 and
1848 two fresh volumes appeared. After a long silence

Andersen published in 1857 another romance, To he or not

to he. In 1863, after a very interesting journey, he issued

one of the best of his travel-books. In Spain. His Fairy
Tales continued to appear, in instalments, until 1872,

when, at Christmas, the last stories were published. In
the spring of that year Andersen had an awkward accident,

falling out of bed and severely hurting himself. He was
never again quite well, but he lived till the 4th of August
1875, when he died very peacefully in the house called

Rolighed, near Copenhagen. (e. g.)

Andorsorii the capital of Madison county, Indiana,

XJ.S.A., situated on the west fork of White river
;
a manu-

facturing city, at the intersection of three railways.

Population (1900), 20,178.

AndersOlti the capital of Anderson county. South
Carolina, U.S.A., situated in the western part of the state,

and surrounded by a fertile region, largely devoted to the

production of cotton, of which this is a shipping point.

It has three railways. Population (1900), 5498.

Anderson,Elizabeth Garrett (1836
),

English medical practitioner, daughter of Newson Garrett,

of Aldeburgh, Suffolk, was born in 1836, and educated at

home and at a private school. In 1860 she resolved to

study medicine, an unheard-of thing for a woman in those

days, and one which was regarded by old-fashioned people

as almost indecent. Miss Garrett managed to obtain some
more or less irregular instruction at the Middlesex
Hospital, London, but was refused admission as a full

student both there and at many other schools to which she

applied. Finally she studied anatomy privately at the

London Hospital, and with some of the professors at St

Andrews University, and at the Edinburgh Extra-Mural
School. She had no less difficulty in gaining a qualifying

diploma to practise medicine. London University, the

Royal Colleges of Physicians and Surgeons, and many
other examining bodies, refused to admit her to their ex-

aminations
;
but in the end the Society of Apothecaries,

London, allowed her to enter for the License of Apothe-
caries’ Hall, which she obtained in 1865. In 1866 she was
appointed general medical attendant to St Mary’s Dispens-

ary, a London institution started to enable poor women to

obtain medical help from qualified pr^titioners of their

own sex. The dispensary soon developed into the New
Hospital for Women, and there she worked for over

twenty years. In 1870 she obtained the Paris degree of

M.D. The same year she was elected to the first London
School Board, at the head of the poll for Marylebone, and
was also made one of the visiting physicians of the East
London Hospital for Children; but the duties of these two
positions she found to be incompatible with her principal

work, and she soon resigned them. In 1871 she married

Mr J. G. S. Anderson, a shipowner, but did not give up
practice. She worked steadily at the development of the

New Hospital, and (from 1874) at the creation of a com-
plete School of Medicine in London for women. Both in-

stitutions have since been handsomely and suitably housed
and equipped, the New Hospital (in the Euston Road)
being worked entirely by medical women, and the School

(in Hunter Street, W.C.) having over 200 students, most of

them prep^uing for the medical degree of London University,^
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Y^hich was opened to women in 1877. In 1897 Mrs
Garrett Anderson was elected president of the East Anglian
branch of the British Medical Association. The movement
for the admission of women to the medical profession, of
which she was the indefatigable pioneer in England, has
extended not only to every part of the United Eangdom
and the British colonies, but to every European country
except Spain and Turkey.

AndersonvillCy a village of Sumter county,
Georgia, U.S.A., on the Central of Georgia railway.
During the Civil War it was the site of a Confederate
prison for Federal soldiers. It is now the site of a
national cemetery,

Andes«—^The Andes form a continuous chain of

mountainous highland along the western coast of South
America, which, roughly speaking, may be regarded as
4400 miles long, 100 miles wide in some parts, and of an
average height of 13,000 feet. The connexion of this

system with that of the Rocky Mountains, which has been
pointed out by many writers, has received much support
from the discovery of the extensive eruptions of granite

during Tertiary times, extending from the southern
extremity of South America to Alaska. The Andean
range is composed of two great principal chains with a
deep intermediate depression, in which, and at the sides of

the great chains, arise other chains of minor importance,

the chief of which is that called the Cordillera de la Costa
of Chile, This starts from the southern extremity of the

continent, and runs in a northerly direction, parallel with
the coast, being broken up at its commencement into a
number of islands, and afterwards forming the western

boundary of the great central valley of Chile, To the

north this coastal chain continues in small ridges or

isolated lulls along the Pacific as far as Colombia, always

leaving the same valley more or less visible to the west of

the western great chain. These mountains were the

objects of important investigations during the last quarter

of the 19th century.

Of the two principal chains, the eastern is generally called Los
Andes, and the western La Cordillera, in Colombia, Peru, and
Bolivia, where it is likewise known as Cordillera Real de Los
Andes, whilst to the south of parallel 23° S. lat. in Chile and
Argentina, the western is called Cordillera de los Andes. The
eastern disappears in the centre of Argentina, and it is therefore

only the Cordillera de los Andes that is prolonged as far as the

south-eastern extremity of the continent. The Cordillera de la

Costa begins near Cape Horn, which is composed principally of

crystalline rocks, and its heights are inconsiderable when com-
pared with those ofthe true Cordillera of the Andes. The latter,

as regards its main chain, is on the northern coast of Beagle

Channel, in Tierra del Fuego, bounded on the north by the deep

depression of Lake Fagnano and of Admiralty Sound. Staten

Island appears to be the termination to the east. The Cordillera

of the Andes in Tierra del Fuego is formed of crystalline schists,

and culminates in the snow-capped peaks of Mount Darwin and
Mount Sarmiento (7200 feet), which contains glaciers of greater

extent than those of Mont Blanc. Sir Martin Conway recently

ascended the latter. The extent of the glaciers is considerable

in this region, which, geographically, is more complex than has
hitherto been supposed. Although, in the explored portion of the

Fuegian chain, the volcanoes which have been mentioned from
time to time have not been met with, there seems to have existed

to the south, on the islands, many neo-volcanic rocks, some of

which appear to be contemporaneous with the basaltic sheet that

covers a part of Eastern Patagonia. The insular region between
Mount Sarmiento and the Cordillera de los Andes, properly so

called, 4.€., that which extends from Magellan Strait northwards,

has not been explored, and all that is known of it is that it is

principally composed of the same rocks as the Fuegian section,

and that the greater part ofits upper valleys is occupied by glaciers

that reach down to the sea amid dense forest.

As Admiralty Sound and Lake Fagnano, the extent of which

is still unknown, bound the Cordillera to the north in Tierra del

Fuego, so at the eastern side of the Cordillera in Patagonia there

is a longitudinal depression which separates the Andes from some
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independent ridges pertaining to a secondary parallel broken
chain called pre - Cordillera. This depression is occupied in a
great part by a series of lakes, some of these filling transversal
breaches in the range, whilst others are remains of glacial re-

servoirs, bordered by morainic dams, extending as far as the
eastern tableland and corresponding in these cases with trans-
versal depressions which reach the Atlantic Ocean. Between the
larger lakes, fed by the Andiue glaciers of the eastern slope of
the Southern Andes, are Lakes Maravilla, 100 square miles, and
Sarmiento, 26 square miles, 51° S. lat., which overflow into Last
Hope Inlet

;
Argentino, 570 square miles, 60° S. lat.

; and
Viedma, 450 square miles, 49° SO' S. lat., which empty into the
river Santa Cruz ; the fiordian Lake San Mai tin, 49° S. lat.

;
and

Lakes Nansen, 18 square miles
;
Azara, 8 squaie miles

;
and Bel-

grano, 18 square miles, w’hich are dependants of Lake San Martin
(380 square miles), and Lakes Pueyrredon (98 square miles) and
Buenos Aires (700 square miles), and which now overflow
into the Pacific, through one of the remarkable inlets that
are found throughout the Cordillera, the Caleu Inlet, wAich
is the largest western fiord of Patagonia. To the north of
Lake Buenos Aires there is Lake Elizalde, which, while situated
on the eastern slope sends its waters to the Pacific Ocean, and
Lakes Fontana (30 square miles) and La Plata (34 square miles),
45° S. lat., which feed the river Senguerr, which flows to the
Atlantic. Lake General Paz (66 square miles) on the eastern
slope of the Andes, at 44° S. lat., is the principal source of the
Palena river, which cuts all the Cordillera, while Lakes Fetalaii-

quen (20 square miles), Menendez (28 square miles), Rivadavia
(10 square miles), and other smaller lakes, also situated between
43° 30', and 42° 30' S. lat. on the eastern slope, send their waters
to the Pacific by the river Fetaleufu, w^hich cuts through the
Andes by a narrow gorge. The waters of Lake Puelo (18 squaie
miles) liewise flow into the same ocean through the river of that
name, which also cuts the Cordilleia, and of which the principal
affluent likewise drains the w^aters of a system of small lakes, the
largest of which, Lake Mascardi, measures 17 square miles, which
in comparatively recent times formed pari of the basin of Lake
Nahuel-Huapi (207 square miles), 41° S. lat. An extensive area
of glacial deposits show's that a sheet of ice formerly covered the
whole eastern slope to a great distance from the mountains. To
the west another sheet reached at the same time the Pacific

Ocean.
From the Strait of Magellan up to 62° S. lat., the western

slope of the Cordillera does not, properly speaking, exist. Abrupt
walls overlook the Pacific, and great longitudinal and tiansversal
channels and fiords run right through the heart of the range,
cutting it generally in a direction more or less oblique to its axis,

the result of movements of the earth’s crust.

The mountains forming the Cordillera between Magellan Strait
and 41° S. lat. are higher than those previously mentioned in

Tierra del Fuego. Generally composed of granite, gneiss, and
Palaeozoic rocks, covered in many parts by rugged masses of
volcanic origin, their general height is not less than 6600 feet,

while Mount Geikie is 7500 feet and Mount Stokes 7100 feet high.
To the north are Mounts Mayo, 7600 feet ;

Agassiz, 10,600 feet

;

and Fitz Roy, in 49° S. lat., 11,120 feet high. The section from
52° to 48° S. lat. is a continuous ice-capped mountain range,

and some of the glaciers extend from the eastern lakes to the
western channels, where they reach the sea-level. The level of
the lakes commences at 130 feet at Lake Maravilla and gradu-
ally ascends to near 700 feet at Lake San Martin. Passing the
breach through which Lake San Martin empties itself into Galen
Inlet, in 48° S. lat., is found a wide oblique opening in the range,

through which flows the river Las Heras, fed by Lake Pueyr-
redon, which is only 410 feet above the sea-level to the east of
the Andes, while Lake Buenos Aires, immediately to the north,

is 710 feet. The Andes continue to be to the west an enormous
rugged mass of ice and snow of an average height of 9000 feet,

sending glaciers to all the eastern fiords.

Mount San Lorenzo, detached from the main chain in the pre-

Cordillera, is 11,800 feet high. Mount San Yalentin, 12,700 feet,

is the culminating point of the Andes in the region extending
from 49° to 46° S. lat., where another breach occurs, that of the

river Huemules, which is supposed to be the outlet of Lake
Elizalde to the east, and is followed by that of the river Aysen.
These two breaches have emptied a large system of lakes, which,

in ^re-Glacial times, occupied the eastern zone, thus forming a

region suitable for colonization in the broad valleys and hollows,

where the rivers, as is the case with those in the north, cut

through the Andes by narrow gaps, forming cataracts and rapids

between the snowy peaks. Volcanic action is still going on in

these latitudes, as the glaciers are at times covered by ashes, but

the predominant rocks to the east are the Tertiary granite, whfle

to the west gneiss, older granite, and Pakeozoic rooks prevail.

The highest peaks, however, seem to he of volcanic origin.

Farther north, up to 41° S. lat., the water gai^ are situated

at a lesser distance one from the other, owing mainly to
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more continuous erosion, tliis section of the continent being

the region of the maximum rainfall on the western coast to the

south of the equator. Between the gaps of the river Aysen and
river Cisnes or Frias, which also pierces the chain, is found a

huge mountain mass, in which is situated Mount la Torre, 7150

feet. These form the continental watershed, but in this region

erosion is talcing place so rapidly that the day is not far distant

when Lakes La Plata and Fontana, situated to the cast at a

height of 3000 feet, and now tributaries of the Atlantic, may
become tributaries of the Pacific. Already filtrations from the

former go to feed western affluents through the granitic masses.

To the noith of Mount La Torre flows in the river Cisnes, 44** 48'

S. lat., across another water gap, continuing the range to the

north with high peaks, as Alto Nevado, 7350 feet, and Cacique,

7000 feet. The glaciers reach almost the western channels, as is

the case at river Quelal. The northern glaciers, descending nearly

to sea-level, are situated at 43® 40' S. lat. To
the north of 45® S. lat. a well-defined western
longitudinal valley, at some recent time occu-

pied by lakes and rivers, divides the Cordillera

into two chains, the eastern being the main
chain, to which belong Mounts Alto FTevado,

Cacique, Dentista, Maldonado, Serrano, each
over 7000 feet high ; Torrecillas, 7400 feet

;

Ventisquero, 7500 feet
;
and Tronador, 11,180

feet ;
while the western chain, broken into im-

posing blocks, contains several high volcanic

peaks such as Mounts Tanteles, Corcovado,
Minchimahuida, Hornopiren, and Yates. The
rivers Palena, with its two branches, Pico and
Carrenleufu, Fetaleufu, Puelo, and Manso, cut

the two chains, while the rivers Refiihue, Boda-
dahue, and Cochamo have their sources in the
main eastern ridge. Mention has been made of

active volcanoes in 61°, 49°, and 47° S. lat., but
these have not been properly located. The active

volcanoes south of 41®, concerning which no
doubt exists, are the Huequen, in 43® lat., and
the Calbuco, both of which have been in erup-

tion during recent years.

The surroundings of Mount Tronador, consist-

ing of Tertiary granite and basalt, form one of
the most interesting regions in the Patagonian
Andes for the mountaineers of the future. To
the east extends the large and picturesque lake
of Nahuel-Huapi, to the west is Lake Todos Los
Santos (50 square miles), to which the access is

easy and of which the scenery is of surpassing
beauty. Between 41° and 38° S. lat., among other
smaller lakes, are Lakes Traful (46 square miles),

Lacar (32 square miles), which, properly belong-

ing to the system of Atlantic lakes, empties
itself by the only water gap that occurs in this
zone of the Cordillera into the river Valdivia, a
tributary of the Pacific, Lake Lolog (15 square
miles), Hueohu-lafquen (46 square miles), and
Lake Alumine (21 square miles). The volcanoes
of Lanin, 12,140 feet

; Qnetropillan, 9180 feet

;

Villanca, 10,400 feet
; Yaimas and Tolhuaoa are

all more or less active
;
the first is in the main

chain, while the others are on the western slope.

The scenery in the neighbourhood is magnificent,
the snowy cones rising from amidst woods of
araucaria, and being surrounded by blue lakes.

While the scenery of the western slope of the
Andes is exceedingly grand, with its deep fiords,

glaciers, and woods, yet the severity of its

climate detracts considerably from its charm.
The climate of the eastern slope, however, is milder, the land-
scapes are magnificent, with wooded valleys and beautiful lakes.
The valleys are already partly settled by colonists. Between 52®
and 40° S. lat. the erosion (fractures of the earth’s crust) has
carried the watershed of the continent from the summit of the
Cordillera to the eastern plains of Patagonia.
Between 38® and 33® S. lat. the Andes have been somewhat

extensively explored during the last ten years by the Argentine
and Chilian Boundary Commissions. The highest peaks are vol-
canic, and their eruptions have sensibly mo^fied the character
of the primitive ridges. Outflows of lava and tufa cover the
mountain sides and fill up the valleys. The Jurassic and Creta-
ceous formations, which, in the Southern Cordillera are situated
outside of the range to the east, form to a considerable extent
the mass of the great range, together with porphyric quartz, the
Tertiary, granite, and other eruptive rocks, which have been
observed along all the chain in South America up to Alaska in the
north. Gneiss is seldom met with, but there are crystalline
rocks, belonging chiefly to the pre-Cordillera of the eastern, and
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to the Cordillera de la Costa on the western side. Silurian,

Devonian, and Carboniferous rocks contribute to the formation of
the pre-Cordillera, between 30° and 33° S. lat.

Whilst the axis of the Cordillera de los Andes from the south
as far as 38° S. lat. is crystalline, to the north of this latitude
the geological features change. At thi-s point the range takes a
vast transversal development, dividing itself into three separate
groups, the easternmost being composed of Jurassic-Cretaceous
beds, the central of Mesozoic layers and old eruptive rocks, the
western of Tertiary granitic formation, with neo-volcanic lavas
and active volcanoes on its western border. From the volcano of
Copahue (height 9787 feet) the Andes take a great transversal
extension

;
there are no wide intermediate valleys between the

different ridges, but the main ridge is perfectly defined. Vol-
canic cones continue to predominate, the old crystalline rocks
almost disappear, while the Mesozoic rocks are most common.

The higher peaks are in the main chain, whilst
the Domuyo (15,317 feet) belongs to a lateral

eastern ridge. The principal peaks between this

and Mount Tupungato at 33° S. lat. are : Mount
Cochico, 8255 feet; Campanario, 13,140 feet;

Petcroa, 13,297 feet
;

Tinguiririca, Castillo,

16,535 feet ; Volcano Maipu, 17,576 feet ; Alva-
rado, 14, 600 feet ; Amarillo, 15,321 feet

; Volcano
San Jose, 19, 849 feet; Piuqiienes, 17,815 feet; and
Volcano Bravard, 19,619 feet.

North of Maipu volcano, ascended by Dr Guss-
feldt in 1883, the Cordilleia is composed of two
very huge principal ridges which unite and ter-

minate in the neighbourhood of Mount Tupun-

f
ato. The valley between them is 9000 feet

igh
;
and in that part of the Cordillera are situ-

ated the highest passes south of 33° S. lat., one
of which, the Piuquenes Pass, reaches 13,333
feet,whilst the easiest of transit and almost the
lowest is that of Pichachen, 6505 feet, which is

the most frequented during winter. Through-
out these regions the passes are numerous and
of easy access in summer, but in winter they are

generally dangerous.

To judge by certain features of this section of
the Andes, it would seem that down to modern
times, there existed across these mountains very
low passes, through which some representatives

of the Pampean fauna, such as the Mastodon and
Equus, reached Chile, the remains of which have
been discovered in the central valley of that
country. The Andean glaciers at that time
spread themselves down to the at the foot

of the two slopes which then contained vast
lakes, and where now exist extensive moraines
and large erratic boulders. Mount Tupungato
reaches 22,329 feet, according to Argentine
measurement. To the north of this mountain,
situated at the watershed of the Andes, extends
a lofty region com prising peaks such as Chimhote,
18,645 feet, and Mount Polleras, 20,266 feet.

The Pircas Pass is situated at a height of 16,962
feet. The gaps of Bermejo and Iglesia, in the
Uspallata road, the best known of all the passes
between Argentina and Chile, are at 13,025 feet

and 13,412 feet altitude respectively, while the
nearest peaks, those of Juncal and Tolorsa, are

19,358 and 20,140 feet high. Mounts Tupun-
gato, Aconcagua, 23,393 feet, ascended lately by
Mr Fitzgerald, Mr Vines,and Sir Martin Conway,
and Mercedario, 21,982 feet, are the highest peaks
of the central Argentine-Chilian Andes. These

three peaks are formed of eruptive rocks, surrounded by Jurassic

beds which have undergone a thorough metamorphosis. While
in the west of the Andes, from the latitude of Aconcagua, the
central valley of Chile runs without any notable interruption to

the south end of the continent, a valley which almost disappears
to the north, leaving only some rare inflexions which are con-

sidered by the Chilian geographers and geologists to be a con-

tinuation of the same valley
;
to the east in Argentine there

commenced a longitudinal valley perfectly characterized, which
runs along the eastern foot ofthe Cordillera separating this from
the pre-Cordillera, which is parallel to the Cordillera de la Costa
of Chile. Between Aconcagua and Mercedario are the passes of

Espinacito, 14,803 feet, and Los Patos or Valle Hermoso, 11,736
feet, chosen by the Argentine General San Martin, when he made
his memorable passage across the chain during the War of Inde-

pendence. North of Valle Hermoso the Andean ridges, while
very high, are not abrupt, and the passes are more numerous
than in the south

;
some of them descending 10,000 feet, but

most of them caning between 13,000 and 14,000 feet. Pass
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Quetrada. Grande is 12,468 feet in altitude

; Cencerro, 12,944 feet;
Mercedario, 13,206 feet; Ojota, 14,304 feet; Paclion, 14,485 feet;
while Gordito is 10,318 feet. Parther north the pa-ases are higher.
BarahonaPass is 15,092 feet; Ternera, 16,912 feet

;
San Lorenzo,

16,420 feet, while the peak of the volcano reaches 18,143 feet

;

Mount Olivares, 20,472 feet; Poiongos, 19,488 feet; Tortolas,
20,121 feet

;
and Potro, 19,357 feet

^
As far as 28*^ S, lat. the Cordillera de los Andes has been prin*

cipally formed by two well-defined ridges, but to the north,
recent volcanic action has greatly modified its orography. Only
a single line of passes characterizes the main ridge, and amongst
them are the passes of Ollita, 15,026 feet

;
Pehas Negras, 14,435

feet; Pircas Negras, 13,615 feet; La Gallina, 16,240 feet; Tres
Quebradas, 15,535 feet

; and Aguita, 15,485 feet To the north of
Mount Potro the peaks in the Cordillera are not very prominent
as far as the great mass of Tres Quebradas, but heie are to be
met with some that may be considered as amongst the highest of
the whole range. Mount Aguita is 20,600 feet, and the cul-
minating peak of those of Tres Cruces reaches 22,658 feet. To
the east of the eastern longitudinal valley, at 27® S. lat.,

commences a high volcanic plateau between the Cordillera and
the southern prolongation of the Bolivian Cordillera Real, which
contains lofty summits, such as Mount Veladero (20,998), Mount
Bonete (21,980), Mount Reclus (20,670), Mount Pissis (22,146),
Mount Ojo del Salado (21,653), and Incahuasi (21,719). To the
north of Tres Cruces is a transversal depression in the Cordillera,
which is considered to be the southern termination of the high
plateau of the Puna de Atacama. The Cordillera of the Andes
borders the Puna to the west, while the Bolivian Cordillera Real
bounds it to the east. In that region the Corillera of the Andes
is of comparatively recent origin, being principally constituted
by a line of high volcanoes, the chief summits being those of
Juncal, Panteon de Aliste, Azufre or Listarria (18,636), Lullaillaco

(21,720), Mihiques (19,357), Socompa (19,948), Licancaur (19,685),
Yiscachuelas (20,605), Tapaquilcha (19,520), Oyahua (19,242),
Ancaquilcha (20,275), Olca (19,159), Mino (20,112), Sillilica

(21,100), Perinacota (20,918), Sagama (22,339), Tacona (19,740),
Misti (19,029) ;

to the east closes in the intermediary high plateau
which commences at 28® S. lat. in Argentina. The principal
peaks of the Bolivian Andes and its prolongation from south to
north, are Pamatma, in the centre of Argentina, (20,340 feet),

Laguna Blanca (18,307), Diamante (18,045), Cachi (20,000),
G-ranadas, Lipez (19,680), Guadalupe (18,910), Chorolque (18,480),
Cuzco (17,930), Enriaca (18,716), Junari (16,200), Michiga (17,410),
Quimza-Cruz (18,280), Illimani (21,190), and Sorata (21,490), the
last two of which were climhed hy Sir Martin Conway.
While the western range ofthe Cordillera is principally formed

hy volcanic rocks, the eastern (to the east of the range is Cerro
Potosi, 15,400 feet) Andes of Bolivia are chiefly composed of old
crystalline rocks. Between the ranges in the high plateau north
to 27® are numerous isolated volcanoes which have been in activity
in recetit times, such as Peinado (18,898 feet), San Pedro (18,701),
Antoco (19,029), Antofalla (20,014), Rincon (17,881), Pastes
Grandes (17,553), Zapaleri (17,553), Suniquira (19,258), Tahue
(17,458) ;

volcanoes which have been elevated from a lacustrine

hasin, which ver;^ recently occupied the whole extension, and
the remains of which are in the south, the Laguna Yerde, at 28®,

and in the north Lake Titicaca. The discovery of great Pampean
mammals in the Pleistocene beds of that region shows that this

upheaval of the latter is very recent, for in the heart of the Cor-

dijlera, as well as on the west coast of Bolivia and Peru, there
have been discovered, in very recent deposits, the remains ofsome
mammals which cannot have crossed the high range as it now
exists.

The two Coidilleras that formed the Andes to the north of 28®

S. lat. are continued in Peru, with the same characteristics

—

the western, chiefly volcanic, while its basis is crystalline ; and
the eastern composed of green mica slate, primitive clay-slate,

and granite, the more important of the two, which is cut hy
many large rivers, affluents of the Amazon, and which abuts on
Ecuador. The western, which reaches an altitude of about 10,000
feet, then ceases to exist as a continuous chain, there remaining
only a short, high ridge, called by Whymper the “Pacific range
of the equator,” and between this ridge and the crystalline

Andean axis, the “ avenue of volcanoes,” to use his words, arises

amidst majestic scenery. Chimborazo, which is not in the main
-chain, reaches 20,517 feet, Cotopaxi (19,580 feet), Antisana

(19,260 feet), Coyambo (19,200 feet), are in the eastern range,

with many other peaks of over 16,000 feet, which still contain

glaciers. Under the equator, Sangay, 17,380 feet, according to

Wolff, appears to be the most active volcano in the world,

Pichincha, 15,804 feet, and Cotocachi, 16,297 feet, are the loftiest

volcanoes of the western range. The Colombian Andes have

recently been the subject of careful exploration. The three prin-

cipal chains are continuations of those under the equator, but
show very slight traces of volcanic action. In the western

•chain, which is remarkable for its regularity, the highest peak is
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11,150 feet, and the lowest pass 6725 feet. The longitudinal
valley of Canca forms the middle depression. The two chains
appear to unite in the mountains of Antioquia. The eastern
chain, separated from the central chain hy the Magdelena de-
pression, beginning north of the equator at 6000 feet, giadually
rises to the height of Nevado, 14,146 feet, Pan de Azucar, 12,140
feet, and in the Sierra Nevada de Cochi attains to peaks of 16,700
feet._ The predominant rocks are gneiss, crystalline slate, and
gianite, and some Cretaceous and Teitiary shales. The central
chain is unbroken, and is the more important of the two,
owing to its greater altitudes, and is of volcanic character.
To the south, near the equator, are Mounts Arapul, 13,360
feet, and Chumbul, 15,720 feet. The volcanoes Campainero,
12,470 feet, and Pasto, 14,000 feet, are also in that zone. Farther
noith is the volcano Pnrace, which presents a height of 16,000
feet ; then come Huila, 18,000 feet

;
Santa Catalina, 16,170 feet

;

and Tolima, 18,400 feet
; Santa Isabel, 16,760 feet; Ruiz, 17,390

feet
;
and Hervas, 18,340 feet.
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AndeSi LoS| a state of Venezuela, formerly

bounded on the IST. by the states of Zulia and Lara, on
tbe S. and E. by the state of Zamora, and on the W,
by Colombia and a portion of Zamora. It had an area

of 14,719 square miles, and a population estimated at

365,000. This area was recently divided into two states,

Los Andes and Trujillo.
^

AndijSin, a district town of Bussian Turkestan, pro-

vince of Ferghana, terminus for a time of the Transcaspian

and Turkestan railway, lying 7 3 miles E.N.E. of Kokand
on the left bank of the upper Syr-daria; altitude 1510
feet. It was formerly the residence of the Khans of

Kokand, and is described as one of the most pleasant cities

of Ferghana, on account of its beautiful gardens and large

park situated in the midst of the town. A canal derived

from the Syr waters these gardens, as well as the fields

round the town. The cotton-tree being much grown in

the district, Andijan is a centre for the trade in raw
cotton, and has moreover nearly twenty factories for cotton

cleaning, and several important firms. Andijan merchants,

with their goods, are met with all over Central Asia.

Population (1897), 46,680.

Andorra^ or Andoere, a small neutral, autonomous,

semi-independent state, with an area of 191 square miles,

situated chiefly on the peninsular side of the Pyrenean

chain. Its population, according to some estimates in

1887, was between 6000 and 12,000, but no trust-

worthy census exists. Its six parishes are subdivided into

fifty-two pueblos or hamlets. The Andorrans are fond of the

chase and of fishing in their streams. The more well-to-do

classes now talk French fluently, and get their children

educated in France. During the coldest winter months

their communications are much easier with Spain than

through the snow-clad passes leading into the Ari6ge.

The local industries are of the most primitive kind.
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merely domestic, as in the Middle Ages. Lack of capital,

of coal, and of good means of communication, ^^revents the

inhabitants from making use of the iron and lead mines

that abound in their mountains. They rear flocks of

sheep, goats, cattle, and some pigs. The only roads are

bridle-paths, and one municipal road by the Balirc Valley,

connecting Andorra with the highroad to Seo de Urgel and

Tarruga. There is a scheme for extending a branch of the

projected Noguera-Pallaresa railway to Seo de Urgel, close

to Andorra. The climate is cold in general, and bitterly so

in winter. There are some sheltered spots on the southern

side of the Pyrenean chain, called Solanas, where the

climate is milder, and there the soil is better cultivated,

producing some fruit and agricultural products for a small

export trade. Mi\k, butter, hams, skins, and wool are

sent to France. The French viguier is taken from the

French department of Ari^ge and appointed for life, but the

mguier of the bishop must be an Andorran, holding office

for three years and re-eligible. There are notaries and

clerks, auditors for each parish elected by the heads of

tamilies, police agents and bailiffs, chosen and sworn in, like

all the above officers, by the council general. The archives

are mostly kept in the “ house of the valley ” in the capital,

Andorra ViciUa, a struggling village of 600 inhabitants.

This Government house has no merit beyond the fact that

in it the council general meets and has a chapel, and in it

the aldermen, viguiers, and judge of appeal administer

justice and assemble for all purposes of administration.

Two magistrates, styled rahanadores, are appointed by
the council general to see that viguiers and judges preserve

the customs and privileges of Andorra. The parishes have
a permanent patrol of six armed men, besides the militia.

Spain and the bishop of Urgel are very jealous of French
encroachments, and claim to have a better right to annex
the little state some day. In the meanwhile it continues

to pay each of the “ coprincipes ” £40 a year, levied by a
tax on pastures.

Beethet. Leval d'Andorre, Paris, 1879.

—

Moras. CoutuTnes
dupays d’Andcfrre. 1882.

—

Battdon de Mouy, Origines historiques

de la question d'Andorre. 1885.

—

^Vttillter. Le 'oal d^Andorre*
The Valley ofAndorre, Kiverside Press, Cambridge, with good map.

« (a. E. H.)

Andover, a municipal borough and railway station,

in the Andover parliamentary division of Hampshire,
England, on the Anton, 12 miles N.W. by K. of Win-
chester. In 1889 a recreation ground was opened. In
1891 the waterworks were acquired by the corporation.

Area of borough (a parish), 8662 acres
; population

(1881), 5653; (1891), 5852; (1901), 6000.

Andover, a town of Essex county in north-eastern
Massachusetts, U.S.A., having an area of 33 square miles.

It is situated on the south bank of the Merrimac, where
the surface of the country is broken by small Glacial hills.

The Theological Seminaryhere had in 1898 eight instructors
and 41 students, and Phillips Academy had a faculty of
twenty professors and was attended by over 400 students.
Population (1880), 5169; (1890), 6142; (1900), 6813.

AndOVOrantO. See Madagascar.

Andrassy, Julius, Count (1823-1890), Hun-
garian statesman, was born at Zemplin in the north-east of
Hungary, 18th March 1823. His father. Count Charles (the
representative of a family which had been settled in Hun-
gary about 250 years), was a man of considerable literary
and scientific attainments, and was therefore (as were all
who car^d for the prosperity of the country) a member of
the national and Liberal opposition to the deadening
government of the Austrian bureaucracy. Julius and his
elder brother Emmanuel were therefore, from their earliest
years, brought up to believe in the excellence of political I
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liberty, and they were enabled by travelling to become
acquainted with countries which enjoyed the free exercise

of those institutions which the government of Metternich
refused to Hungary. His political master was Count
Szechenyi, who has been called the greatest of the

Hungarians. The two brothers were elected in 1847
members of the Hungarian Diet ; they joined the Opposi-
tion, which was led by Louis Batthyany, Deak, and
Kossuth. Andrassy soon distinguished himself by his

speeches
;
he was one of those who first claimed to use

Magyar. He had a charm of manner and gallantry which
would have made him a favourite anywhere, and com-
pletely won the hearts of the susceptible Hungarians.
As the differences between the aristocratic party and
Kossuth became serious, Andrassy was on the side of

Kossuth
;
he supported him through all the stormy events

of 1848, and he accepted the post of prefect of the

county of Zemplin in order to carry out the internal

reforms which the democratic party desired
; he paid

special attention to the organization of the militia. In
the civil war of 1848 against the Croatians he took part

at the head of the corps he had organized, and was present

at the battle of Schweehat, when the Hungarians crossed

the frontier and attacked the imperial troops on Austrian

soil. He continued his association with the Government
of national independence, and in 1849, when the

interference of Russia became imminent, he went on a
mission to Constantinople to ask for the aid of the Turks.

In this he failed, but the sultan promised to protect

Hungarian refugees, a promise which was honourably kept,

and which the Hungarians have not forgotten. Andrassy
escaped the fate of many of his colleagues by flying from
the country, but he was condemned to death under martial

law and hanged in effigy. He spent the next years of

exile in France and England, and acquired a very thorough
knowledge of the customs and institutions of these coun-

tries
;
like so many of his countrymen he was an excellent

linguist. He was pardoned by the emperor in 1856

;

on his return to Hungary he joined the party of Deak,
who claimed the independence of the country, but hoped
to attain it by reconciliation with the house of Hapsburg,
a policy which was bitterly opposed by Kossuth and his

followers. He sat in the Diet of 1861, but refused to

recognize it as a substitute for an independent parlia-

ment, and during the following years he was very active

in gaming support to the principles of the Moderates.

His opportunity came in 1866. He took a leading part

in the negotiations which lead to the establishment of the

“Ausgleich”; he was greatly instrumental in winning
the confidence of the emperor and empress, and is said to

have suggested the peculiar form taken by the Common
Parliament or “Delegations.'^ Deak was offered the

post of minister-president of Hungary under the new
constitution, but refused to take office ;

he suggested the

name of Andrassy, who, he said, had been “ sent by Pro-

vidence.” There was no one who could rival Andrassy's

claims to be the first national Hungarian minister. As
an old revolutionary he could command the adhesion of

his former companions in exile
;
his birth and his early

connexions won for him the support of the Liberal

aristocracy, and he had the confidence of the emperor.

He held this office for over four years, and quickly made
political liberty and constitutional Government a reality,

introducing full freedom of the press and of public meet-

ings, granting political freedom to the Jews, and establish-

ing the national miUtia or Honved, in which he took great

personal interest. He exercised considerable influence on
the foreign policy of the empire, and helped to keep in

check the anti-German influences at Vienna. In 1870 he
threw his weight decisively on the side of a public



ANDREWS—ANGIOSPERMS
declaration of neutrality. In 1871 lie was called to
Vienna to use liis influence in order to prevent the
emperor accepting the federalistic scheme of Hohenwart.
Andrassy represented that it would destroy the organi-
zation of the dual monarchy, and offered his resignation
if it was carried out. The result of the crisis was that
Hohenwart was dismissed, and Andrassy received the
portfolio for foreign affairs for Austria-Hungary after the
fall of Beust. The most important achievement of his
policy in the new post was the establishment of a close

understanding with Germany. The beginnings of this

had been laid by the friendly relations which Bismarck
had already established with the Hungarians. This led
also to a better understanding with Eussia, and Andrassy
was much attacked in Hungary for his Eussophile policy.

He succeeded, however, in averting a war with Eussia,
which might easily have arisen out of the Balkan compli-
cations; by the “Andrassy Hote” of 1876 he attempted
to settle these by agreement with Eussia. The summon-
ing of a European congress to discuss the terms of peace
imposed on Turkey by Eussia was to a great extent owing
to his initiative, and he brought it about that the adminis-
tration of Bosnia and Herzegovina should be offered to

Austria-Hungary. His policy in this was strongly attacked
at home, both by the Hungarians and Germans, and the

discontent was increased by the difficulties with which
the occupation of the provinces was attended; he had
failed to anticipate the opposition with which the Austrian
troops were met. It was partly this discontent which
led him in the summer of 1879 to offer his resignation, a
step which has also been attributed to private reasons

;

he was, moreover, dissatisfied that he was unable to have
some internal reforms carried in Hungary. It is probable

that he did not expect his resignation to be accepted
;
or if

it was, he undoubtedly hoped soon to return to office. His
position as the first of living statesmen in the dual

monarchy was so assured that he might well believe he
was indispensable. His resignation was, however, accepted.

Before he left office, he completed the work he had already

begun by arranging with Bismarck a formal alliance of

Germany and Austria-Hungary for mutual defence against

Eussia. By this he had placed the European position of

his country on a secure basis. The best proof of the

wisdom of his policy is that it has been continued by all

his successors.

Andrassy lived till 1890; he was never again offered

office
;
he could have forced his way back to power had he

chosen to use his great popularity for this purpose
;
but,

with a magnanimity which is not too common, when he

spoke in the parliament it was to help and support his suc-

cessors
;
his criticisms he reserved for private intercourse.

He died 18th February 1890. Andrassy is undoubtedly

one of the most interesting figures of recent history. It has

often been said of him that he cared more for the appear-

ance than the reahty
;
he thought too much of outward

effect. He had little patience for the details and routine

of departmental work, and was intolerant of slowness and

stupidity. He had, however, a quick power of seizing

the essential factors in a situation
;
his mind was emi-

nently sober and practical
;
he saved his country from the

dangers into which it would have fallen had full freedom

been given to the ideals of Kossuth and his followers, or

to the an£i-Eussian passions which were so strong. He
is identified with two great political achievements, the

system of dualism and the alliance with Germany
;
both

have justified themselves by the test of experience. More

than this, it is largely due to his personal influence that

from the beginning it was made apparent that in the

partnership between Austria and Hungary the latter was

the stronger member; and so long as he was foreign
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minister he secured for the dual monarchy a position in

European affairs which it had not had for many years.

(j. Av. He)

Andrews, Thomas (1813-1885), Irish chemist
and physicist, was born on 19th December 1813 at Belfast,

where his father Avas a linen merchant. After attending

the Belfast Academy and also the Academical Institution,

he went to Glasgow to study chemistry under Professor

Thomas Thomson, and thence migrated to Trinity College,

Dublin, where he gained distinction in classics as well as

in science. He next spent some time in Paris, in the

laboratory of the famous chemist Dumas, and finally,

having graduated as M.D. at Edinburgh in 1835, settled

down to a successful medical practice in his native place.

Ten years later he w^as appointed vice-president of the

newly-established Queen’s College, Belfast, and professor

of chemistry, and these two offices he held till 1879, when
failing health compelled his retirement. He died 26th
November 1885. Andrews first became known as a
scientific investigator by his work on the heat developed

in chemical actions, the Eoyal Society awarding him a

Eoyal medal in 1844. Another important research was
devoted to proving that ozone is a definite body, an allo-

tropic form of oxygen, containing three atoms in the

molecule instead of two, as is the case with the ordinary

gas. But the work on which his reputation mainly rests

and which best displayed his skill and resoui’cefulness in,

experiment was concerned with the liquefaction of gases.

He carried out a very complete inquiry into the laws

expressing the relations of pressure, temperature, and
volume in carbonic acid gas, in particular establishing the

conceptions of critical temperature and critical pressure,

and showing that the gas passes from the gaseous to the

liquid state without any breach of continuity.

Angers, chief town of department Maine-et-Loire,

France, and an important centre for several railway lines,

188 miles S.W. of Paris. There is a Hotel-Dieu, now a

civil and military hospital
;
but it is the H6pital-Ste-Marie,

a large modern building with 1500 beds, that takes the place

of the ancient Hotel-Dieu or Hospice St Jean, said to have
been founded by Henry II., which is now occupied by the

archaeological museum. The public library, contained in

a fine edifice dating from the 15th century, has been much
enlarged. Palaeontological and antiquarian museums are

also housed in ancient buildings of considerable interest.

A 12th-century clock tower is part of the ancient abbey

of St Aubin. The Palais de Justice is a modern build-

ing in the Champ de Mars. Amongst educational insti-

tutions may be noted a national school of arts and
handicrafts, a free school of design, and a school of phar-

macy. Manufactures of umbrellas, boots and shoes, iron

goods, cables, and copper ware, have become important. In

the vicinity are many nursery gardens. Large stock fairs

are held, and there is considerable trade in hemp, flax,

and other agricultural produce. Electric tramways connect

with the suburbs. Population (1881), 58,571 ; (1891),

62,391; (1896), 69,484, (comm.) 71,119 ; (1901), 83,966.

Angriosperms.—^The term “Angiosperm^^ (ay-

y€tov, receptacle, and awipfiay seed) was coined in the form

Angiospermae by Paul Hermann in 1690, as the name of

that one of his primary divisions of the Plant Kingdom
which included flowering plants possessing seeds enclosed

in capsules, in contradistinction to his Gymnospermae or

flowering plants with achenial or schizocarpic fruits—the

whole fruit or each of its pieces being here regarded as a

seed and naked. The term and its antonym were main-

tained by Linnaeus with the same sense, but with

restricted application, in the names of the orders of his
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class Didynaraia. Its use witli any approach to its

modern scope only became possible after Hobert Brown

had established, in 1825, the existence of truly naked

seeds in the Cycadese and Coniferse entitling them to

be correctly called Gymnosperms. From that time

onwards, so long as these Gymnosperms were, as was

usual, reckoned as dicotyledonous flowering plants, the

term Angiosperm was used antithetically by botanical

writers, but with varying limitation, as a group-name for

other dicotyledonous plants. The advent in 1851 of

Hofmeister^s brilliant discovery of the changes pro-

ceeding in the embryo-sac of flowering plants, and his

determination of the correct relationships of these with

the Cryptogamia, fixed the true position of Gymnosperms
as a class distinct from Dicotyledones, and the term

Angiosperm then gradually came to be accepted as the

suitable designation for the whole of the fiowering plants

other than Gymnosperms, and as including therefore the

classes of Dicotyledones and Monocotyledones. This is

the sense in which the term is nowadays received and in

which it is used here.

The Angiosperms and the Gymnosperms together

compose the group of Spermophytes— also named
Phanerogams—Seed Plants or Flowering Plants. The
expressions seed plant and flowering plant convey the

essential character of the group. The seed is the product

of the flower—^the conception of the flower implies that of

the seed. In no other group of plants is there a seed or

a flower, although the terms are sometimes loosely used
with reference to plants of lower organization. The trend

of the evolution of the plant kingdom has been in the

direction of the establishment of a vegetation of fixed

habit and adapted to the vicissitudes of a life on land,

and the Angiosperms are the highest expression of this

evolution and constitute the dominant vegetation of

the earth’s surface at the present epoch. There is no
land-area from the poles to the equator, where plant-

life is possible, upon which Angiosperms may not be
found. They occur also abundantly in the shallows of

rivers and fresh-water lakes, and in less number in salt

lakes and in the sea
;
such aquatic Angiosperms are not,

however, primitive forms, but are derived from immediate
land-ancestors. The varying climatic or environmental

conditions to which Angiosperms may be
coogy. ^ distribution, including

those of the soil, edaphic, those of the atmosphere,

epedaphicj and those of water, aquatic, find their

response, within the limits of phylogeny, in the external

form and internal structure exhibited by the plants.

Angiosperms of a tropical forest, for example, are mani-
festly of different form from those of an alpine region, or

again Angiosperms growing submerged in a lake have
features readily separating them from plants of a desert

plain; the differences are not confined to points of their out-

ward form, but obtain throughout their internal structure.

The study of the relationships of Angiosperms, as well as
of other plants, to their environment has in recent years
become a fascinating and productive fi.eld of botanical
work to which has been given the designation “ QScology ”

(sometimes written “ Ecology ”). From the standpoint of
their relation to environment Angiosperms fall into the
three main categories of Oeopkytes, Aerophytes, Hydro-
phytes, Geophytes are plants adapted to a land-life with
fixation in the soil, and therefore they are subject to the
influence of both edaphic and epedaphic factors of en-
vironment. Aerophytes are adapted to a land-life with
fixation upon another plant, and are therefore subject to
the influence of epedaphic factors of environment only.
Hydrophytes, being adapted to life in water, whether free
or fixed, are subject to the influence of the aquatic environ-

ment alone. These categories are not altogether sharply

distinguishable, and many plants have the capacity of dual
adaptation; e.g,, Batrachian Eanunculi may be either hydro-

philous or geophilous
;
Mcus bengalensis as a juvenile is

aerophilous, but geophilous when adult.

I. Geophytes ,—Geophytes overwhelmingly predominate

in the world, and from them we derive our concept of

the typical imgiosperm, which for the perfor-

mance of its life-work has two series of vege-

tative organs severally adapted to the media

—

soil and atmosphere—in which they are exposed.

They are the root or descending system and the shoot or

ascending system composed of stem and leaf. To the

root belongs the special work of fixing the plant in the

soil and of absorbing material for food in a liquid state.

To the shoot is assigned the special task of taking in

material for food in a gaseous form from the atmosphere
and of absorbing the radiant energy of the sun.

The primary root formed at the base of the embryo pierces the
soil ab a main radially-constructed orthotropous root, Irom which
lateial endogenetic plagiotropous rootlets branching like the
mother proceed. Roots elongate by means of an intercalary

luricellular growing point covered by a protecting root-cap, and
ear over a short distance close behind the point a covering of

short-lived active hairs, the agents alike of fixing and absorbing.

The depth to which the root -system of Angiosperms
penetrates the soil is apparently conditioned by the needs

of respiration, and even in plants with highest shoot-

development in temperate regions is not over 4 feet,

save in exceptional conditions. The growth in length of

the main root is therefore soon arrested. The horizontal

extension of the lateral roots is practically indefinite.

The elongation and persistence of the primary root is

a characteristic feature of dicotyledonous Angiosperms,
and is in marked contrast with what is commonly
found in Monocotyledones and in Pteridophytes, and is

evidently correlated -with their more elaborate develop-

ment of shoot. Where the primary root elongates in

Monocotyledones it rarely persibt>s for any time, even in

cases where there is a considerable bulk in the shoot-

system ; the root-system is then provided by adventitious

roots from the stem.

The primary shoot-axis has two portions—the hypocotyl with
its cotyledon or cotyledons, the portion first formed in the embryo,
and the epicotyl, which in the embryo exists as the plumular bud.
The latter elongates as a radial orthotropous axis, with a terminal
pluricellular growing point of indefinite growth covered more or
less by incipient leaves, both scale-leaves and foliage-leaves, to
form a leaf-bud, and these arise from nodal points as exogenetic

outgrowths, commonly dorsiventral and of limited intercalary

basipetal growth. Branches like the parents, bnt plagiotropons
and often dorsiventral, arise exogenetically in the axils of the
leaves. The leaves (as also their axillary branch) have a definite

position—spiral or cyclic—upon the stem.

The degree to which the shoot is developed and its

duration above ground have given origin to the popular

designations herb, shrub, tree, and these terms,

although not capable of scientific definition, for

the forms they indicate pass one into the other,

are nevertheless landmarks in outward form development—growth-forms—in relation to climatic factors, and are

therefore of oecological value. To them may be added
liane, as the designation of a subsidiary form of wide-

spread occurrence. A herb being a plant—^annual or

perennial—^which loses and renews its shoot-growth from
year to year, and often also loses and renews its root-

system, does not rise to any great height above the soil.

It is therefore not greatly exposed to air-currents, and it

may for a considerable portion of the year be subterranean

and consequently under more equable conditions than

when above ground
;

it dwells in a moist stratum of the
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atmosphere and may readily be overshadowed by other
plants. Herbaceous growth makes a carpet of vegetation
upon all areas of the earth^s surface, but is essentially a
feature of temperate regions. Trees, on the other hand,
have a persistent aerial trunk with copious shoots, and they
are therefore woody and may be evergreen or have decidu-
ous leaves. Their growth brings them into atmospheric
strata drier than those near the soil, where they are
more exposed during the whole year to air currents and
to every change of temperature, and where they are not
liable to be overshadowed except by their fellows. Tree-
growth then may be said to affect moist sheltered areas

;

cold dry wind-swept regions, for instance the polar and
alpine, are treeless. As the intermediate form between
herbs and trees the shrub merges into both, and is found
along with or replacing them in all areas. The liane may
partake of the character of each of the preceding forms,
but its special feature is that rooting in the soil it makes
use of the support of other plants to secure an extension
and exposure in the atmosphere, and in this way may
attain a length of many yards. To this end it may adopt
the habit of a twining stem, or it may climb by means of

modifications of its organs such as prickles, hooks, leaf-

tendrils of various degrees of conversion, and stem-tendrils

of kinds, Liane-growth is found in aU areas of vegeta-

tion, except, and for obvious reasons, in polar and alpine

regions, but it reaches its maximum development in the
tropics where woody twining stems and stem-tendrils are

specially developed.

A fundamental character of Angiosperms, as indeed
it is of all plants excepting the unicellular Protophytes,

but one which is too often lost sight of in the
Colonial

^
Study of their economy, is their colonial organiza-

tion!‘ The living plurinucleated protoplasm of

the plant-body is spread over the skeletal sup-

port furnished by the cells of the root and shoot, and in

the more highly differentiated forms occupies but a small

area of the whole body of the plant. Each living cell

encloses an energid (a portion of the protoplasm dominated
by a nucleus) which is connected by protoplasmic threads

piercing the cell-membrane with the adjacent energids, and
thus the protoplasmic body forms one continuous whole in

the plant. (See Cytology.) According to their position in

the organism, the primary cells become devoted to the

formation of special tissues building up the organs required

for the discharge of the several life-functions of the plant,

but nevertheless each living cell must be regarded as a
potential protophyte, whilst its actual destiny is determined

by its relations to the other cells. This colonial organiza-

tion of the Angiosperm enables it to have growth pro-

longed in one direction whilst this is arrested in another,

to throw off effete and old parts of its body without mutila-

tion, and to renew or replace them as required 3
all tissues

which pass out of the sphere of active life are not, however,

thrown off, for it is a marked feature of Angiosperms that

such tissues, and many excreta also, may be enclosed by the

living ones and remain unchanged so long as they are unex-

posed to the putrefactive influences of the atmo-

sphere. The fixed organism as a whole is endowed
with what we may term potential immortality

—

o.

character in sharp contrast with the relatively short period

of life of the motile individuals of the higher members of

the kingdom. We have but little accurate infor-

mation bearing upon the actual longevity of Angiosperms

by which to judge whether their theoretical expectation

of life may come to realization. Perennating herbs and
under shrubs probably approach most nearly to its fulffl-

ment. Shrubs and trees expose themselves by their aerial

growth to many accidents which militate a^inst great

length of life ; nevertheless there are authentic instances

of trees, for instance Fims religiosa^ whose years must be
counted by thousands. On the other hand many Angio-
sperms are pronouncedly short-lived, passing through
birth, vegetation, reproduction, and death within a few
months.

For an account of the internal organization of Angiosperms, see
Anatomy of Plants. The primary disposition of the j permanent
tissues in an Angiosperm is determined by the necessity of pro-
viding an ample mechanism for carrying water from the absoih-
ing ends of the roots to the other scat of absorption of food-
material in the leaves, and to aU. growing points for the mainten-
ance of turgidity ; the carrying system therefore dominates the
anatomy, its position and form in each organ having relation to
the strain to which the organ is liable. In Dicotyledones the
monostelic system admits of an indefinite extension of the area of
the carrying system to keep pace with the growth and extension
of the often ample perennating shoot-system, and this has con-
tributed largely to the establishment ofthe group as the dominant
vegetation of our day. The polystelic condition so common in
Pteridophytes is occasionally tound, but only in forms which are
not progressive. The absence of this capacity of increase of the
carr3dng system in Monocotyledones is probably one of the factors

which have led to their insignificant development as tree-forms as

compared with Dicotyledones.

Thougb the geophyte responds in some degree in the

configuration of its vegetative organs to all the physical

and chemical conditions of its environment, we j^nviron-
have as yet but little certain knowledge of the ment and
effect to be ascribed to some of these or of the conf!gura~

manner of their operation. Hor are we able as yet,

even in the case of those factors of which we know most, to

determine clearly in every instance how far their influence

is controlled by intrinsic causes, expressed for instance in

correlation, or is modified J!n combined action with other

factors. We know that the direction and disposition of

the parts of the root and shoot are directly influenced by the

stimulus of gravity, and also that radial and dorsiventral

constructions are often conditioned by light which also

may induce anisophylly and the flattening of organs; light

also may be a direct cause in provoking a difference in

form between the juvenile and adult foliage, with the result

that the organs concerned in carbon-dioxide-assimilation

and in the absorption of energy are exposed in the most
favourable manner to illumination. The direct influence

of light in formation of chlorophyll is well known. Con-

figuration appears to be but httle directly influenced by
temperature excepting perhaps by extreme cold, and we
can seldom say by consideration of its outside whether a

plant inhabits a warm or a cold climate, notwithstanding

the paramount influence temperature exerts in the distri-

bution of specific forms. The most influential environ-

mental factor in relation to form and structure is un-

questionably water. Water-carriage within the plant

determines its anatomy, and the safeguarding of the

water-supply alike at its intake in the root-system and at

its outgo by transpiration and by transudation in the

shoot, is a prime concern of the vegetative organization

of geophytes, and is modified in relation to the amount
of water available for the functional purposes of the

plant. This does not always correspond with the actual

amount of water in the physical environment, and a plant

may be in a condition of physiological drought in the

midst of an abundance of water. When there is a risk of

physiological drought—as in areas where the

absorption of water from the soil is hindered,
^ ^ •

by a scant amount of water, by too much dissolved

salt, by humus, or by low temperature, as well as where

transpiration and transudation are facilitated, by the

dryness or high temperature of the atmosphere, by low

barometric pressure, and by intense light— the
^

plant

responds and means are developed to promote the intake

and check the outgo. Eor the former there may be an

increase of the whole root -system and of the ateorbing
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hairSj as well as of the carrying vasa ;

for the latter there

is great variety of method in relation to other oecological

factors. There may be a reduction in the amount of the

transpiration-surface by the shortening and thickening of

the stem and the foliage-leaves, or even by the suppression

of the latter {aphylly) leading to stem-assimilation, the

development of cladodes^ and the production of non-

transpiring thorns^ while by the formation of vertical

leaves and phyllodes the effect of insolation is restricted.

Obstacles to transpiration are created by increase in

thickness and in cutin - content of the outer wall of the

epidermal cells, by the sinking of the stoma^ta, by the

development of a covering of hairs, or in compound leaves

by collapsing movements. In many cases water-storage of

kinds is provided, from which loss may be supplied and

succulence of stem {chylocauly) or of leaf {chylophylly) is

developed. An increase in the sclerenchyma- tissue of

stem (sclerocauly) or of leaf (sderophylly) and an elonga-

tion of the palisade-cells of the leaf are also accompani-

ments of this adaptation. Such adaptations are termed

xeropJiilouB^ and plants exhibiting them are Xerophytes,

The conditions which induce the xerophilous structure are

conspicuously and most typically found in desert areas,

but they also, in varying degree, surround plants growing
on the surface of rocks {Lithophytes\ in rock- fissures

{ChasTmpkytes), on sandy porous ground {Psammophyte$\

on the shore [Ralophytes), on peat-moors {Ericophytes\

and elsewhere. In marked contrast with xerophilous

configuration and structure are the hygrophilous features

which characterize Hygrophytes or plants
Hygrop y*

^]]Lich are not, or Only rarely and temporarily,

liable to any danger from deficiency of water-supply.

Here the presence of a feeble absorptive root-system and
an extended surface of the shoot for transpiration and
transudation are the outstanding points. The latter is

exhibited in the elongated stems which do not bear thorns,

although prickles are not uncommon, the large surface and
the thinness of the leaves which frequently have “ dropper
tips” or other arrangements for quickly throwing off water,

the large air canals, abundant and exposed stomata, and
many hydathodes. The risk to hygrophytes lies in their

exposure to strong insolation or to prolonged air currents,

and these may cause flagging of the organs
]
but loss from

such causes is soon recovered, and may be provided against

by water-storage in or near the epidermis. Hygrophytes
occur in moist areas, and are particularly abundant in the
tropics. The degree to which xerophilous or hygrophilous
construction is developed varies, and some plants exhibit

a seasonal alternation of these characters, and
* have been therefore termed Tropophytes, In

the wet or warm season they are hygrophilous, in the dry
or cold season they are xerophilous. The feature dis-

tinguishing them is the casting of the greater portion of

their transpiration-surface at the beginning of the period
when there is a risk of physiological drought, by the
dying down of the annual shoots of herbs, and by leaf-fall

and branch-fah of shrubs and trees. That this is a pre-

paration for physiological drought every gardener may
see when he transplants such an evergreen as a holly. De-
ciduous-leaved trees and shrubs of temperate regions have
hygrophilous foliage, but the stems are xerophilous, being
protected by cork, and the buds are enveloped in scales,

resin, and so forth. Evergreens of temperate regions have
xerophilous leaves, their young leaves alone showing hygro-
philous characters. Any one of the growth-forms—^herb,

shrub, tree, liane—may exhibit features of xerophily,
hygropluly, or tropophily, and their adaptations upon
these lines determine the physiognomy of vegetation
within the thermal zones of the globe.

Angiosperms (like Gymnosperms) are heterosporous, as

are some of the Pteridophytes, but unlike these they do
not spread by the scattering of the megaspores.

On the contrary the megasporangium remains genetic

persistently closed and attached to the spori- reptoduc-

ferous plant, whilst the megaspore which it

contains (for there is commonly but one) germinates

within it and produces the structures which are the homo-
logues of the female gametophyte of the Pteridophytes

with its female gametes. Nor does this intrasporal

development cease here. Conjugation of the male and
female gametes takes place within the spore, as does also

the subsequent segmentation of the resulting zygote, and
its further development through the stage of pro-embryo
to the formation of the perfect embryo of a sporophyte.

There is thus produced in the position of the original mega-
sporangium a body consisting, in its simplest form, of a

coat to the outside composed of the wall of the mega-
sporangium and of the wall of the megaspore, both of them
much altered, and within of an embryo sporophyte. This

body is the Beed, For a longer or shorter time it remains
attached to the sporiferous plant, and its ultimate separa-

tion provides for the spread of the angiospermous plant.

It is this character—of a closed megasporangium and the

development of seed—which separates sharply the Angio-
sperms and the Gymnosperms from all other classes in the

plant kingdom, and which makes so apt their designation

in one group—the Spermophytes. The exigencies of their

adaptation as a land-vegetation have made the develoi>

ment of sexual cells in them not a first charge upon an
independent or nearly independent organism arising from
a spore, as is the case in the Pteridophytes, but these

appear as late products on a vast vegetative structure

through which the outcome of their coalescence, the

embryo, can be nourished for a time, and from which it is

subsequently shed, well protected in the seed-coat to

withstand climatic vicissitudes yet ready to take its

position as a new plant whenever environmental conditions

permit. The risk of failure of sexual reproduction through
non-propinquity of the essential energids overhangs the

higher Pteridophytes at two stages of their life history,

and frequent actual failure may have hastened their retro-

gression as a dominant vegetative type
]
there is first of all

that of non-association on the same nidus of the fortuitously

distributed microspores and megaspores, and second that

of a missing of coalescence of the male and female

gametes, inasmuch as the act involves a sufficiency of

moisture for germination, and through which the male
gamete must actively move to its goal. In the Angiosperms
this risk is, to their advantage, reduced to a single one,

that of a mishap in pollination, for the avoidance of which
have been developed the elaborate contrivances which make
up the flower of to-day.

The part of the Angiosperm through which the forma-

tion of seed takes place is the flower. This is a shoot,

bearing sporangia which contain spores, both
sporangia and spores being concerned in the pro-

duction of the seed. Function as well as structure

is therefore involved in the conception of flower. Sporan-

giferous shoots resembling those of some Angiosperms are

found outside the Spermophytes in, for example, Selagi-

mlla^ and they have the structural features of flower, but
they do not form seed, and are therefore not flower.

Nowhere, except in the Gymnosperms and Angiosperms,

do we find such sporangiferous shoots implicated in the

physiological processes which result in the seed. The
microsporcrngicb (pollenrsacs) containing microspores (poll&nr

grains) and the megasporam^ia (ovules) containing megor
spores (embryo-sacs) are enclosed in leaves, respectively,

the microsporcphylls (stamens) and the megasporophylls

(ca/rpels) attached to the aonis (torus) of the flower.
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These leaves may he together on the same torus

{herrmphrodite flower), or on separate ones {unisexual
flower). The stamen has typically a petiolar portion
{filament), and a laminar portion {anther), and within the
latter the pollen-sacs, of which there are commonly four,
each containing many pollen-grains, are embedded. The
carpel is a leaf folded upon itself to form an ovary investing
the ovules. These arise, each with its embryo-sac, from the
tissue of the placenta placed either upon the carpel {foliar)
or upon the torus {axial) which projects into the cavity of
the ovary ; in epigynous flowers the torus shares more or
less in the formation of the wall of the cavity. The apex
of the carpel is more or less prolonged as the style upon
which a special papillar or hairy secreting germinating
surface of varying extent, the stigma, is developed. Upon
this stigmatic surface the pollen-grains which are carried
to it (pollination) from their mother pollen-sacs, continue
their germination, and then through the pollen-tube the
male gametes they produce are conveyed to the female
gamete enclosed in the megaspore. The anther -wall
enclosing the pollen-sacs is conamonly no more than an
epidermis in the greater part of its extent, and usually
contains parasolar colouring substances which protect the
developing pollen-grains. It forms with the walls of the
pollen-sacs a hygroscopic mechanism, through which it

is ruptured in definite areas for the escape of the
pollen-grains at the period when these are mature. The
ovarian wall is green, or possesses at least some chloro-

phyll and frequently meristem, and thereby is fitted

for the subsequent developments through which it

becomes the fruit, enclosing for a longer or shorter
period the seeds into which the ovules develop. The
number, form, size, colour, cohesion, adhesion, branching of
the sporophylls give manifold varietyof flower-structure, but
the features in the sporophylls which are of significance

from the phyletic standpoint, and by which the Angio-
sperms as a whole are distinguished from the Gymnosperms
are—(1) the greater protection afforded to the ovules by
their enclosure within the ovary of the carpel, and (in the
higher forms) within the torus itself, and to the pollen-

sacs by their investment in the anther; and (2) the
provision of a carpellary germinating surface in the
stigma for the pollen-grains, with the correlated special-

ization of the stamen into filament and anther. The
flower may be constituted by the sporangiferous

m^iopes. alone, and the sporophylls are sometimes
spoken of as its essential organs. But the parts

which give conspicuousness to most flowers, and which are

indeed in the popular and gardening sense of the term
‘^flower” the important ones, are the flower-envelopes

—

calyx of sepals and corolla oi petals. One of these only may
be present. Their presence is a mark of angiospermous

structure, the flower in Gymnosperms having only obscure

homologues. Sepals are typically green, and share therefore

in the assinulation-work of the plant, no doubt aiding in

meeting the very great demands made upon the plant-

energy by spore-formation in the flower and its conse-

quences. They are frequently persistent and active in this

way during the whole period of maturation of the seed.

Whilst in the earlier stages of the flower - development

they serve as protecting structures to the parts within,

they also when persistent provide a protection, or it may
be an aid in dissemination, to the fruit or seed. The
brilliant colours of the flower are most frequently located

in the petals, although the sepals and sporophylls and
adjacent parts are also often coloured. With the calyx the

corolla serves as a protection to the young sporophylls,

especially from wet. Once expanded the petals may
remain so until they are shed, as they usually are after

pollination has been effected, or they may with the calyx

close over the sporophylls and open again, more than once,
in^ response to various external stimuli. Their colours,

primarily parasolar, appear to be attractive to birds and
insects, and these by their visits aid in the pollination of
the flower, and have been agents in the intensification of
the colours through selection. The leaves of the flower-

envelopes vary in every way more than do the sporo-
phylls, and show frequently extreme specialization in their

forms, which in many cases appear to be correlated
with the visits of birds and insects. Another accessory
feature present in many flowers, and especially

in those with colour, is the secretion of honey,
with the associated odour, from nectaries. These nectaries,

often termed nuptial, to distinguish them from similar

ones which occur upon parts of the plant away from the
flower {extranuptial), may arise upon the torus independ-
ently of the flower-leaves, or may be produced by any one
of these leaves. The secretion is usually discharged from
the nectaries, but in some cases is retained, and can only
be secured by puncture. Odour appears to be the most
potent attraction to birds and insects possessed by flowers.

The flow er has primarily a radial construction with a spiral or
cyclic (or these combined) disposition of the flower-leaves ; the
terminal flower of an inflorescence is always radial. Lateial
flowers may be radial, but are frequently dorsiventral, a con-
struction which, primarily an adaptation to physical needs, has
been intensified by insect-agency. The relative number and
positions of the difterent kinds of flo\\ er-leaves are characteristic
features, and in lateial flowers have a definite relationship to the
mother-axis of the flower, as well as to the prophylls—the common
trimery of Monocotyledones showing typically an anterior sepal
in relation to the one posterior prophyll, whilst in the pentamery
and dimery of Dicotyledones there is usually a posterior sepal
with a pair of lateral prophylls. All these relationships (and
they are of great variety) of the flower-leaves are of considerable
value in the estimation of the genetic relationships of the families

of Angiosperms. The formation of flower concludes the growth in
length of the axis to which it belongs. If this be the primary, or
relatively primary axis the plant is monaxial; the majority of
plants are, however, yluriaxial, the flowers belonging to axes of
higher de^ee. In both cases there is a tendency to aggregation of
the flowers in inflorescences, whereby small flowers becomemore con-
spicuous and the function of the flower is promoted. The position
of the sporophylls at the end of their axis gives them prominence,
and the whole arrangement of flower, whether solitary or in in-

florescences, at the extremity of shoots, and its projection, as

is common, beyond the vegetative organs is of obvious advantage.
In contrast with the usual relation, cauUflorous trees are not
uncommon in the tropics. In them the flowers which have often
somewhat fleshy flower-envelopes, and are always odorous, appear
singly or in groups upon small short-lived twigs, which develop
from persistent axilla^ buds, or are found issuing from “latent
eyes ” in the bark. Their position close to the seat of reserve-

food is evidently an economical one, and may have a relation to

pollination, and their occurrence in tropical trees and absence
from those of temperate regions may be made possible by the
thinner bark developed upon trees in the tropics. The antagon-
ism observable between vegetative and reproductive functions is

well known, and environmental conditions such as physiological

drought and low temperature, which are unfavourable to vegetative

activity, are not so unfavourable to, and even favour, repoduction.
Periodicity iu flowering is most marked where there is seasonal

growth, and flowering commonly concludes a vegetative period

in which takes place an accumulation of energy sufficient to

supply the demands made in the seed-formation, the exhausting

nature of which is shown by the long intervals for recuperation,

often a dozen years, between successive full crops in such trees as

beech, ^^en flower is produced before seasonal vegetative activity

begins, a store of reserve-food from a preceding year is avail-

able for its formation. Where seasonal growrth is not sharply

marked, as in parts of the tropics, there may be continuance of

flower during the whole year, but not from the same shoots.

The action of light in intensifying the colour and odour of alpine

flowers is well known.

The sporogenous tissue is formed within each of the

four sporangia, two of which are in each lobe of the anther,

though there may be two only, or there may be

more. Each sporangium has the usual tapetum

and wall-layers, and these are eventually more

or less absorbed, as are also certain of the tissues of the

S. 1.-55
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anther itselfbetwixt adjacent sporangia, so that their cavities

unite. In the ripe anther, therefore, the traces of the

original sporangia are somewhat obliterated. The spores

are produced in tetrads, each within a sporocyte, by two

successive bipartitions of its energid. In monocoty-

ledonous plants each partition is completed by formation

of a cell-membrane around the daughter-energids, whilst

in dicotyledonous plants the partition of the mother-

energids into four daughter-energids is effected before these

are invested by cell-membrane— hastening of develop-

ment observable also elsewhere. The spores when mature

commonly become separated one from the other, but may
remain united in tetrads, which may themselves remain

coherent. Even when isolated the spores do not always

form a dry powder, but may be entangled by connecting

threads of the debris of the sporangial and antherine tissue.

Of various shapes, the mature spores have the usual wall

of two layers, here called the exine and intine. The
ezine, more or less cuticularized, may be smooth, blit more
frequently exhibits a pattern through local thickenings,

and there are usually small areas where it is thin and less

cuticularized, the so-called germrpores, through which the

intine, which is a delicate cellulosic membrane, will pro-

trude in the later germination of the spore. All these con-

ditions of shape, pattern, freedom, coherence of the spores,

are of infinite variety j
in this respect they markedly con-

trast with the spore-features in the Pteridophytes, and
find their explanation in the work of pollination. Whilst

still within the pollen-sac the spore reaches a stage of

development at which its germination can begin. Its

energid divides, but the daughter-energids are not of equal

dimensions, and neither of them in Dicotyledones becomes
invested by cell-membrane

;
in Monocotyledones this may

be formed. One, the larger, has a purely nutritive destiny,

and is termed therefore the vegetative energid; the other,

smaller, is the mother of the male gametes, and is termed
the generative energid. In many dicotyledonous plants

this generative energid divides in the spore to form two
daughter-energids, each of which is a functional male
gamete, and the spore therefore within the pollen-sac

contains three energids. In monocotyledonous plants this

further division of the generative energid may be postponed

to a later phase of germination. These changes within the

pollen-grain present us with the reduced homologues of

the male gametophyte and its products in the Pteridophytes,

and the reduction is much greater than in Gymnosperms.
The pollen-grain in this condition is ready for pollination,

and unless this occurs no further change normally takes

place in it, although if the pollen-grains within the anther
be wetted, say by rain, one or more futile pollen-tubes may
be sent out. It is to guard against this that so many
protective arrangements to the pollen are provided in the
fiower.

The destiny of the ovule as the nursery of the embryo in
Spermophytes imposes the necessity of a more elaborate

construction than is found in megasporangia
unconnected with seed -formation, and this

finds expression in its envelopes and the water-
carrying system and food-store they provide. The ovule
arises as a cellular papilla upon the placenta, and as
it gradually acquires its matoe form, from atropous to
anatropous, and with or without a conspicuous fimicle^ its

nucellus becomes invested by one or two envelopes, the
integuTnents^ which, growing out from beneath its base,

form, by their upward extension, a miaropyle at its apex.
The vascular bundle-system of the placenta is prolonged
into the base of the nucellus, but future nucellar develop-
ment precludes its further extension therein

; it is there-
fore arrested expanding to a varying degree, or it

spreads with often intricate ramifications in the integu-

ment—usually in the outer if there be two. These in-

teguments are then ovular (sporangial) outgrowths which
primarily construct the normal channel of entrance of the

pollen-tube, and permit of tbe elaboration of the water-

carrying system of the ovule, but, retaining more or less

their meristematic character, they subsequently, when shar-

ing in the formation of the seed-coat, alter their structure

and may form arih of kinds. In holoparasites which form
ovules the integument is often absent. In most gamopet-
alous Dicotyledones there is only one, but in Monocotyle-

dones and most polypetalous Dicotyledones there are two.

The significance of this is not apparent. That the integu-

ments are structures of slight phyletic import is shown not

only by their somewhat varied structure and points of

origin, but by the fact that in some families, for instance,

the Eanunculaceae and the Eosacese, genera are uniteg-

minous, whilst others are bitegminous. As the nucellus

develops, spore-formation proceeds within it. The sporo-

genous tissue is usually a short sub -apical hypodermal
axile row of cells, one of which becomes the megaspore or

embryo-sac. There are in some cases several embryo-sacs

which may develop, up to a certain point, when one takes

the lead and the others are absorbed by it. The embryo-
sac begins to enlarge at a very early period of the growth
of the nucellus and elongates in the axis of this and towards
its base, absorbing the nucellar tissue. It also enlarges

laterally by tbe same method. As its enlargement proceeds,

so do changes in its energid, which divides in the trans-

verse plane of the sac. The daughter-energids recede to

the respective poles of the elongated sac, and there each

divides by two successive bipartitions to form a group of

four. Of the basal polar group three invest themselves

with cell-membrane and constitute the omtipodal cells of the

mature embryo-sac, the fourth moves upwards towards the

equator of the sac. Of the apical polar group three remain
at the apex, but do not invest themselves with cell-

membrane, and constitute the so-called egg-apparatus^ one
of them larger than the others being the female gamete or

egg^ the others the synergidce or help-cells; the fourth,

w|iich is the sister of the egg, moves downwards towards
the equator of the sac, and meets the detached fourth

member of the basal polar group, with which it sooner or

later coalesces to form the definite energid of the embryo-

sac, Viewing the embryo-sac as a megaspore, an obvious

interpretation of these changes within it is that they ^re

the consequence of its germination, and are therefore the

homologues of the endospermic prothallus of Gymnosperms
and of the female gametophyte in the Pteridophytes ; this

explanation has received very general acceptance. The
antipodal cells would be cells of a reduced prothallus

;
of

the three energids of the egg-apparatus, one alone is

normally functional as the egg, but the synergidse may, it

has been said, function as eggs. The crux is, however,

the interpretation of the definite energid, and its forma-

tion has been explained as a case of reinvigoration of a
decadent vegetative organ by coalescence similar to what
is frequently observed elsewhere in the plant kingdom,
notably amongst the Fungi. It would be then au element

of the prothallus. Other interpretations have traced a
sexual act, and a conjugation of male and female gametes

I

in the formation of the definite energid, or a concrescence of

I

two female gametes. It is, however, unnecessary to discuss

j

these, because recent researches have brought to notice

altogether new facts in the history of the changes in the

I

embryo-sac in fertilization, and to them reference will

presently be made ;
these, though they do not clear up

the difficulties of interpretation of the formation of the

definite energid, must be taken as a starting-point in any
explanation that may be advanced. The embryo-sac in

most ovules has arrived at the stage of development above
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described when pollination is ejBfected. But this is not
always the case. The embryo-sac may not be formed, the
ovule itself may hardly be visible when the pollen-grain
reaches the style, and in these cases it is through the
stimulus of the growth of the pollen-grain that the changes
in the embryo-sac are initiated.

The pollen-grains escape from the anther by its rupture
through differences in drying between its epidermal layer

Po/z/na-
the fibrous wall of the pollen - sacs within.

tion. ^ pollen-grains are simply exposed
by this rupture, but in other cases the relations

of the stamens and the flower-envelopes give rise to an
explosive mechanism, brought into action either from
the inside by the natural expansion of the flower, or
by mechanical disturbance from without, by which the
pollen-grains, which in such a case are always dry and
powdery, are shot out to some distance from the flower.

The destination of the pollen -grains is the stigmatic

surface of the carpel, to which they cohere partly through
the viscid secretion exuded from it, partly through
entanglement amongst the stigmatic papillse, and to this

outgrowths of the exine may contribute. The proximity
of the stamens and carpels in a hermaphrodite flower, and
the fact of their ripening, as is common, at the same
time, render possible the direct application of the pollen

to the stigma either by contact of anther and stigma, by
its falling from anther upon stigma, or in other ways,
within the one flower. This is self~pollmation and it

takes place undoubtedly with frequency in nature, and
may be said to be the raison d^etre of the hermaphrodite
flower. It is often called self-fertilization or autogamy^
but in using these terms and other terms of similar form,

and they are common, it must be remembered that polli-

nation is only a spore-distribution, and a step on the way
towards the accomplishment of the sexual act which
is fertilization^ and which indeed may not result

after pollination. When the flowers are unisexual,

whether on the same plant {pionoecisTn) or on separate

ones {dioecism), such facile pollination is precluded, and
it must be effected by the conveyance of pollen from the

stamens of one flower to the stigma of another. This

is cross -pollination^ often termed cross -fertilization or

allogamy. Experiment has, however, shown that even

in hermaphrodite flowers cross - pollination may be the

m^re effective process in its ultimate result after fertiliza-

tion has been effected, and that the progeny of a cross-

pollinated hermaphrodite flower is often better than that

of one self-pollinated. Cross-pollination is also frequently

preferred even when the flower is hermaphrodite and self-

pollination might be possible, for there are arrangements

of different kinds which may either altogether prevent

self-pollination or at least promote cross-pollination in the

first instance. Thus the relative position of anthers and

stigma and the form of the pollen may be such as to

place a barrier to self-pollination {hercogamy\ or the

periods of rupture of anthers and of maturation of stigma

may be different {dichogamy^ either protandrous or pro-

togyncms). At the same time, in many hermaphrodite

flowers which are normally cross-pollinated, self-pollination

becomes possible before withering, and may take place

should cross-pollination have failed. On the other hand,

there are flowers which are so constructed as entirely to

exclude the chance of cross-pollination, inasmuch as they

do not open, and self-pollination is therefore a necessity

{cleistogamy). The agencies by which cross-pollination is

effected in Geophytes are wind and animals, and their flowers

have been classed as cmemophilcms and zooidiophilons^ in

conformity with their adaptation to pollination by one or

other of these agencies.

Anemophilous flowers are characterized by the prodigal pro-

duction of powdery pollen, much of which never reaches its proper
destination, and the pollen-grains themselves are mm ^
smooth and light. The anthers as the distributing
organs are freely exposed, and the outgo of the
pollen-grains in suitable weather is facilitated by such
means as the assemblage of the flowers in catkins,

their hanging from slender pedicels, long slender filaments to
the anther, explosive mechanisms in the flower, and similar
arrangements. The reception of the pollen is aided by a free

and extensive entangling stigmatic surface, produced by copious
branching of the style. Bright colours, nectar -glands giving
honey, odour, and generally conspicuousness, are more or less

absent. Many flowers, however, which are anemophilous may
be also zooidiophilous. There is no doubt that the fertilization

of many flowers is effected by animals in their transit over the
areas upon which the plants are growing. Such pollinations are,

however, entirely fortuitous. On the other hand, the majority of
flowers are regularly visited by insects of many kinds, and these
insects effect pollination. Such flowers are entomophilous, and
are the chief zooidiophilous ones. Here conspicuousness of
some kind is a primary requirement for the securing of insect-

visits, and this may be effected in various ways, for example, by
size and form of individual flower, by aggregation of flowers in
inflorescences, by coloured and glistening surfaces in the flower
or in the neighbouring parts. Doubtless the most potent lure is

odour, and alike in connexion with it and with colour it is pro-

bable our senses do not appreciate scents and colours which are

recognizable by insects. The gain to the insect by its visit is

the honey, which is often protected in elaborate fashion, so that
only insects of special form can secure it, and the pollen itself. In
seeking for the honey the insect becomes dusted with pollen-grains

from the anthers—which are found in positions in relation to the
whole form of the flower such that this dusting of the body of a
suitable insect is readily effected, the pollen-grains themselves
having commonly more or less tiiberculated surfaces, and being
somewhat sticky—and it carries them to the stigma of flowers

subsequently visited. Birds sometimes effect pollination of
flowers {omitJioph%lous)j snails are also sometimes the agents
{•malacophiloMS^ and other animals—in all of these cases the attrac-
tion of food brings the animal to the flowei. The relationships of
flowers to animals, especially insects, are infinite in variety, and
are the subject of a copious literature. Pollination by insects is

a prevalent method of cross-pollination at the present epoch, and
stands in correlation with the evolution of the angiospennous
flower. It is manifestly a more certain and more economical one
than pollination by wind. Its hazard is the absence of the proper
insect, especially in cases where the form -development is such
that but few species of insects can effect it. Pollination by wind
is a more primitive method. Pollination in the ways described
must often result in the application of pollen-grains of one species

upon the stigma of another. Such foreign pollen is frequently

sterile upon the stigma, and no result follow's. There is also a
prepotency in its own pollen belonging to every species, and the
application of one grain of it wdll render futile the germination
of any foreign pollen upon its stigma. If such pollination by
foreign pollen is followed by the completion of the sexual act,

and an embryo is formed, the offspring will be a hyhr'id. In
nature such hybrids between allied forms are common, and they
are readily produced in cultivation. They may in time be the
starting-point of specific forms. Generic hybrids are not so

common in nature, but in certain families of Angiosperms quite a
number have been produced in horticultural practice.

Pollination having been effected, the pollen-grain

moistened by the viscid secretion upon the stigma

resumes active growth. The intine investing

the vegetative energid is protruded through germina^
one of the germ-pores as the pollen-tube, and tionof

apparently under chemiotactic influence grows
downwards through the style, dissolving its

tissue by the aid of an enzyme. The vegetative energid is

found at the tip of the tube, and in dicotyledonous plants

is followed out of the spore by the male gametes, in

monocotyledonous plants by the generative energid which
then divides in the tube and forms a pair of gametes.

The pollen-tube reaches the cavity of the ovary and
commonly passes along the placenta, guided by projections

or hairs, to the micropyle of the ovule ; this it enters, and
dissolving its way through any cells of the nucellus inter-

vening between it and the apex of the embryo -sac, it

pierces the latter. This piercing, however, is not always

necessary, for the egg-apparatus may have developed so as

to rui)ture the embryo -sac, and even the apex of the
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nucellus, so that it projects into or beyond themicropyle. By
this time the two male gametes have passed the degenei’ated

vegetative energid and are at the apex of the tube, and

this now being softened they escape into the plasm of the
j

embryo-sac. The gametes, as observed in recent investi-

gations, have vermiform nuclei somewhat thickened at the

end, and exhibit a finely porose structure; they are not

unlike the spermatozoids of some Pteridophytes, and they

are sometimes so named, but their independent movement,

without or by means of cilia, has not been observed. One
of the male gametes thus discharged, reaches the egg and

impregnates it. The fate of the other was until

i^ecently not traced, and it was supposed to dis-
j

integrate in the plasm of the embryo -sac, or
!

occasionally to coalesce with synergidae. We now know,
however, that in several plants it passes downwards,

perhaps passively transported by the streaming of the

protoplasm in the embryo-sac, to the two polar ener^ds '

which have not yet coalesced, and it unites with the apical

polar one, or it may await their coalescence, and then

unite with their combination—^the definite energid of the

embryo -sac. The fusion of the second male gamete
apparently precedes the impregnation of the egg by the

first male gamete. This remarkable double fertilization

as it has been called, although only recently discovered,

has been proved to take place in widely separated families,

and both in Monocotyledones and Dicotyledones, and there

is every probability that, perhaps with variations, it is the
normal process in Angiosperms. It gives a history of the
second male gamete. T^ilst the pollen -tube normally
reaches the apex of the embryo-sac through the micropyle
{acrogamy or porogamy\ it may pierce the embryo-sac at

the chalazal end or at the side (hasigamy or chalazogamy)
by entering the base of the nucellus and making its

way upwards, using as passages, it may be, the cavities

of aborting embryo-sacs. After impregnation the fertil-

ized egg segments to form the embryo, the synergid^
having long before disintegrated, and the impregnated
definite energid also enters sooner or later upon division
which results in the formation of endosperm; the anti-

podal cells often disintegrate at the same time, though
they may undergo multiplication first. It has long been
known, that after fertilization of the egg has taken place
the formation of endosperm begins from the definite
energid, and this had come to be regarded as the recom-
mencement of the development of prothaUus after a pause
following the reinvigorating union of the polar energids.
This view is still maintained by those who differentiate
the two fertilizations within the embryo-sac, and regard
that of the egg by the first male gamete, as the true or
generative fertilization, and that of the polar energids by
the second male gamete as a vegetative fertilization which
gives a stimulus to development in correlation with the
other. If, on the other hand, the endosperm is the product
of an act of fertilization as definite as that giving rise to
the embryo itself, we have to recognize that twin plants
are produced within the emhryo-sac—one, the embryo,
which becomes the angiospermous plant, the other, the
endosperm, a short-lived undifferentiated nurse to assist in
the nutrition of the former, even as the subsidiary embryos
in a pluriembryonic Gymnosperm may facilitate the nutri-
tion of the dominant one. If this is so, and the endo-
sperm like the embryo is normally the product of a
sexual act, hybridization will give a hybrid endosperm as
it does a hybrid embryo, and herein (it is suggested) we
may have the explanation of the phenomenon of xenia
observed in the mixed endosperms of hybrid races of
maize and other plants regarding which it has only been
possible hitherto to assert that they were indications of
the extension of the influence of the pollen beyond the

egg and its product. This would not, however, explain

the formation of fruits intermediate in size and colour

between those of crossed parents. The signification of

the coalescence of the polar energids is not explained by
these new facts, but it is noteworthy that the second male

gamete is said to unite sometimes with the apical polar

energid, the sister of the egg, before the union of this

with the basal polar one. The idea of the endosperm as

a second subsidiary plant is no new one
;

it was suggested

long ago in explanation of the coalescence of the polar

energids, but it was then based on the assumption that

these energids were male and female gametes, for which
there was no evidence, and which was inherently improb-

able. The proof of a coalescence of the second male
gamete with the definite energid gives the conception

a more stable basis.

By the segmentation of the fertilized egg, now invested

by cell-membrane, the embryo-plant arises. A varying

number of transverse segment-walls transform it

into a pro-embryo—a cellular row of which the

micropylar cell becomes attached to the apex of

the embryo-sac, and thus fixes the position of the develop-

ing embryo, and the terminal cell is projected into its

cavity. In Dicotyledones the shoot of the embryo is

wholly derived from the terminal cell of the pro-embryo,

from the next cell the root arises, and the remaining ones
form the suspensor. In many Alonocotyledones the ter-

minal cell appears to form the cotyledonary portion alone

of the shoot of the embryo, its axial part and the root

being derived from the adjacent cell
;
the cotyledon would

thus be a terminal structure and the apex of the primary
stem a lateral one—a condition in marked contrast with
that of the Dicotyledones. It is known, however, that

in many Monocotyledones the cotyledon is not really

terminal. The primary root of the embryo in all Angio-
sperms points towards the micropyle. The developing

embryo at the end of the suspensor grows out to a vary-

ing extent into the forming endosperm, from which by
surface absorption it derives plastic material for growth

;

at the same time the suspensor probably plays a direct

part as a carrier of nutrition and may even develop,

where perhaps no endosperm is formed, special absorptive
“ suspensor roots which invest the developing embryo or
pass out into the body and coats of the ovule, or even
into the placenta. In some cases the embryo or the embryo-
sac sends out haustoria into the nucellus and ovular in-

tegument. As the embryo develops it may absorb all

the plastic material available, and store either in its

cotyledons or in its hypocotyl what is not immediately
required for growth as reserve-food for use in germination,

and by so doing it increases in size until it may fill

entirely the embryo-sac; or its absorptive power at this

stage may be limited to what is necessary for growth and
it remains of relatively small size, occupying but a small

area of the embryo-sac which is otherwise filled with
endosperm in which the reserve-food is stored. There are

also intermediate states. The position of the embryo in

relation to the endosperm varies, sometimes it is internal,

sometimes external, but the significance of this has not
yet been established. Apogamy sometimes occurs in

Angiosperms. As a rule the embryonic shoots are

developed from the nucellar wall, or from the synergidse,

or from the antipodal cells, and polyembryony is the
result. La Erythroniwm^ however, polyembryony is the

result of a process recalling features of Gymnosperms, for

the embryos arise from the segmentation of the terminal
cell of the suspensor—^that which normally produces the
one embryo. True parthenogenetic apogamy is said to

occur in Antennaria alpi/na.

The formation of endosperm starts, as has been stated.
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from the definite energid of the embryo-sac, and the
process of double fertilization above described gives

Endos erm
interest to its development. The segmen-

^
tation of the fertilized definite energid always

begins before that of the egg, and thus there is timely
preparation for the nursing of the young embryo. If in
its extension to contain the new formations within it the
embryo-sac remain narrow, endosperm formation proceeds
upon the lines of a cell-division, but in wide embryo-sacs
the endosperm is first of all formed as a colony of energids
(coenobium), and only gradually acquires a pluricellular

character, the change starting from the sides or ends of
the embryo-sac. The fimction of the endosperm is

primarily that of nourishing the embryo, and its basal
position in the embryo-sac places it favourably for the
absorption of plastic material entering the ovule. Its

duration varies with the precocity of the embryo. It may
be wholly absorbed by the progressive growth of the
embryo within the embryo-sac, or it may persist as a
definite and more or less conspicuous constituent of the
seed. When it persists as a massive element of the seed

its nutritive function is usually apparent, for there is

accumulated within its cells reserve-food, and according

to the dominant substance it may be starchy, oily,

ceUulosic, aleuronic, and so forth. In cases where the

embryo has stored reserve-food within itself and thus
provided for seK-nutrition, such endosperm as remains
in the seed may take on other functions, for instance

that of water-absorption.

As the development of embryo and endosperm proceeds

within the embryo -sac, its wall enlarges and commonly
absorbs the substance of the nucellus (which is

s^d
likewise enlarging) to near its outer limit, and
combines with it and the integument to form the

seedrcoat

;

or the whole nucellus and even the integument
may be absorbed. In some plants the nuceUus is not thus

absorbed, but itself becomes a seat of deposit of reserve-

food constituting the perisjperm which may coexist with
endosperm, or may alone form a food-reserve for the

embryo. Endospermic food -reserve has evident advan-

tages over perispermic, and the latter is comparatively

rarely found and only in non-progressive series. Seeds in

which endosperm or perisperm or both are said to exist

are commonly called albuminous, those in which neither

is‘found are termed exalhuminous. These terms, exten-

sively used by systematists, only refer, however, to the

grosser features of the seed, and indicate the more or less

evident occurrence of a food - reserve
; many so-called

exalbuminous seeds show to microscopic examination a
distinct endosperm which may have other than a nutritive

function. The character of the seed-coat bears a definite

relation to that of the fruit which is derived from the

ovary, and it may be from accessory parts as well. Their

functi<p is the twofold one of protecting the embryo and
of aiding in dissemination; they may also directly pro-

mote germination. If the fruit is a dehiscent one and the

seed is therefore soon exposed, the seed-coat has to provide

for the protection of the embryo and may also have to

secure dissemination. On the other hand indehiscent

fruits discharge these functions for the embryo, and the

seed- coat is only slightly developed. Dissemination is

effected by the agency of water, of air, of

animals—and fruits and seeds are therefore

grouped in respect of this as hydrophilous,

anemophilous, and zooidiopMlous. The needs for these

are obvious—^buoyancy in water and resistance to wetting

for the first, some form of parachute for the second, and

some attaching mechanism or attractive structure for the

third. The methods in which these are provided are of

infinite variety, and any and every part of the flower and

of the inflorescence may be called into requisition to
supply the adaptation. Special outgrowths, arils, of the
seed-coat are of frequent occurrence. In the feature of

fruit and seed by which the distribution of Angiosperms
is effected we have a distinctive character of the class. In
Gymnosperms we have seeds, and the carpels may become
modified and close around these, as in JPinus, during the

process of ripening to form an imitation of a box-like fruit

which subsequently opening allows the seeds to escape;

but there is never in them the closed ovary investing from
the outset the ovules, and ultimately forming the ground-
work of the fruit.

Their fortuitous dissemination does not always bring

seeds upon a suitable nidus for germination, the primary
essential of which is a sufficiency of moisture,

and the duration of vitality of the embryo is a Germina.m

point of interest. Some seeds retain vitality

for a period of many years, though there is no
warrant for the popular notion that genuine "‘mummy
wheat ” will germinate

;
on the other hand some seeds

lose vitality in little more than a year. Further, the older

the seed the more slow as a general rule will germination

be in starting, but there are notable exceptions. This

pause, often of so long duration, in the growth of the

embryo between the time of its perfect development
within the seed and the moment of germination, is one of

the remarkable and distinctive features of the life of

Spermophytes. The aim of germination is the fixing of

the embryo in the soil, effected usually by means of the

root, w’-hich is the first part of the embryo to appear, in

preparation for the elongation of the epicotyledonary

portion of the shoot, and there is infinite variety in the

details of the process. In albuminous Dicotyledones the

cotyledons act as the absorbents of the reserve-food of the

seed and are commonly brought above ground (epigeous),

either withdrawn from the seed-coat or carrying it upon
them, and then they serve as the first green organs of the

plant. The hypocotyl commonly plays the greater part

in bringing this about. Exalbuminous Dicotyledones

usually store reserve-food in their cotyledons, which may
in germination remain below ground (hypogeous). In
albuminous Monocotyledones the cotyledon itself, prob-

ably in consequence of its terminal position, is commonly
the agent by which the embryo is thrust out of the seed,

and it may function solely as a feeder, its extremity de-

veloping as a sucker through which the endosperm is

absorbed, or it may become the first green organ, the ter-

minal sucker dropping off with the seed-coat when the

endosperm is exhausted. Exalbuminous Monocotyledones

are either hydrophytes or strongly hygrophilous plants

and have often pecidiar features in germination.

It has been possible here only to depict what appear to

be general features of sexual reproduction in Angiosperms,

and these after all rest upon observation within only a

limited circle of forms. A new chapter in the history of

our knowledge of the changes in the embryo-sac is opened

by the discovery of double fertilization, and the whole

subject requires reinvestigation.

Distribution by seed appears to satisfy so well the

requirements of geophilous Angiosperms that distribution

by vegetative buds is only an occasional process.

At the same time every bud on a shoot has the genetic

capacity to form a new plant if placed in suit-

able conditions, as the horticultural practice of
^

propagation by cuttings shows
;
in nature we see plants

spreaffing by the rooting of their shoots, and buds we
Imow may be freely formed not only on stems but on
leaves and on roots. Where detachable buds are pro-

duced, which can be transported through the air to a

distance, each of them is an incipient shoot which may
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have a root;, and there is always reserve-food stored in

some part of it. In essentials such a bud resembles a

seed. A relation between such vegetative distribution

buds and production of flower is usually marked. Where
there is free formation of buds there is little flower and

commonly no seed, and the converse is also the case.

Viviparous plants are an illustration of substitution of

vegetative buds for flower.

II. AerophT/tes,—The oecological category of Aerophytes

is a much smaller one than that of Geophytes, and, un-

like the latter, they are not affected by edaphic environ-

ment. An aerophyte is an autotrophic plant growing upon

another, to which it is commonly fixed by its roots. The
term epiphyte^ commonly given to them, is so frequently

used to designate the position of saprophytes and parasites

upon host-plants, that it is better avoided as the name of

the oecological category we are dealing with. Aerophytes

are found amongst both Dicotyledones and Monocotyle-

dones and in many families. They may be herbs, shrubs,

or trees. They are derived from geoph5!i;es, and their mode
of life, while it enables them to reach better conditions

of light, makes them dependent wholly upon epedaphic

environment, and their distribution over the world is

markedly contingent upon a supply of atmospheric mois-

ture. Their home is the damp woods of the tropics and
of the warm temperate regions. The conditions of life of

an aerophyte make its supply of water somewhat pre-

carious
;

it has therefore to provide for the protection of

what it secures, and for the rapid absorption of any coming
within reach. For the former of these purposes it most
commonly has some form of water-storage which gives it

succulence in leaf or stem
;
the cuticle is thick and the

stomata are sunk, and a coating of hairs is found occasion-

ally though rarely. For the latter purpose the roots,

which are frequently copious, often have a velamen
;
ex-

posed to light they form chlorophyll and become accessory

organs of carbon-dioxide-assimilation, or they may take on
the whole duty of this, the leaves being then suppressed.

Sometimes in rootless forms absorptive hairs enable the
plant to take water by its whole surface. The seed of an
aerophyte usually germinates upon the supporting plant,

and it is rare for a geophyte subsequently to become an
aerophyte; on the other hand several cases are known
of a juvenile aerophyte becoming a geophyte when older,

and smothering its nurse as it descends to the soil. These
plants are therefore only Jiemiaerophytes, In some aero-

philous Bromeliads the rosette of leaves forms a cup in
which water collects; into this debris both organic and
inorganic falls, and produces a nutrient solution in which
hydrophytes like Utricularia may live. The Bromeliad
absorbs this fluid by special hairs, and is therefore a
partial saprophyte; its roots are only anchoring organs.
Such plants are called Tank Aerophytes. A somewhat
similar condition, differing only in soil being collected
instead of water, is seen in ITest Aerophytes. Here some
roots or leaves form, with the stem of the supporting plant,
a receptacle in which debris accumulates and makes a soil

into which feeding roots from the aerophyte pass; in
this case there is an approach to the geophytes. Many
aerophytes have brilliant flowers highly specialized for
entomophilous pollination. The seeds are small and light,

or have flight arils or a succulent fruit-envelope, and
can readily enter a crack of tree-bark. Dissemination is

anemophilous or zooidiophilous, sometimes also the rain
may be the agent. Vegetative propagation hardly exists,
but portions of the shoot of !rill(indsici usifieoides are said
to be carried by wind and birds.

HI. Plants of the oecological category of
Hydrophytes dwell in a more uniform environment tbf>.Ti

is the lot of Geophjrbes or Aerophytes, and hydrophilous

features are found in many cycles of ajB&nity amongst

Dicotyledones and Monocotyledones. Typical hydrophytes

live submerged in water. Their general physiognomy is

that of delicate flexible herbs which rapidly shrivel on

exposure to the air. In their environment their water-

supply is not a first charge upon the organization, because

diffusion can take place at every point, but the gaseous

supply, owing to the slow diffusion of air in water, and

the supply of radiant energy, owing to the feeble penetra-

tion of light, are matters of first moment. Further, the

density of the medium reduces the need of intrinsic

support. To those conditions hydrophytes are adapted

first of all by an extension of the shoot-surface, secured

by elongation of the leaves into a riband form in moving
water, or by their division into filiform segments in still

water; at the same time the system of air -canals is

greatly developed. Then the chlorophyll apparatus lies in

the peripheral layers of the organism, palisade-tissue being

absent, and the strengthening tissue is always reduced in

amount, and so forth. In the absence of transpiration there

is a reduction or, it may be, a suppression of the root-

system, and it is often only developed as an anchoring

organ. No stomata are formed upon the shoot, and the

cuticle is everywhere only feebly formed. The carrying

system too is greatly simplified, both by reduction of the

number of vasa and of their area, and it is concentrated

as a central strand in the axis, just as it is in ordinary

roots, and thus is favourably placed in relation to the

pulling strains to which the shoot is subjected under the

currents of water. The growing points are frequently in-

vested by mucilage, which acts as a protection to them.

Many of these features of hydrophytes are observable in

hygrophilous geophytes, and there are all stages of tran-

sition between the two types. Thus when in hydrophytes
the flowers are brought above the surface of the water, one
or more flat floating leaves may be developed to support

the plant at the surface, or the floating leaves may pre-

dominate. Floating plants also occur in which the leaves

are variously modified to act as floats. In all cases where
parts of the shoot reach the air they develop more or less

geophytic features* Amongst the most remarkable of

hydrophytes are the Podostemacese— tropical dicotyle-

donous plants of cascades and rapidly flowing water.

They have the habit of Bryophytes. The root forms a

branched dorsiventral chlorophyllous thallus-like structure,

attached by hairs and special branches {haptera) to rocks,

and it is the chief structure for the assimilation of carbon

dioxide. The shoots, which are also commonly dorsiven-

tral, arise as outgrowths from it and bear small, usually

divided, leaves. Marine hydrophytes which are subject to

exposure between tides have often some of the xerophLlous

features of halophytes. In their flower- structure typical

hydrophytes show great simplification where the flowers

are persistently submerged. They are frequently uni-

sexual and the flower-envelopes are reduced. For sub-

aqueous pollination the pollen is often vermiform of about
the same specific gravity as the water, whilst the styles

are long and filiform so as to increase the chances of the

act being accomplished. Sometimes pollination takes

place on the surface of the water, and then in various ways
the pollen is brought to the surface, where it comes in

contact with the stigmas. Often the flowers are raised in

the air above the water, and then they exhibit the features

of anemophily or zooidiophily. Many hydrophytes have
fembryos of peculiar form and remarkable germination.

Amongst Monocotyledones most hydrophytes are exalbu-

minous and the embryos are macropodous through storage

of food-material. Vegetative propagation by the detach-

ment of portions of the shoots or of definite buds is not

uncommon amongst hydrophytes, and these, readily
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caxried by water-currents, serve as a means of distribution.
To this circumstance is probably due the wide area of dis-
tribution of many hydrophytes,

A t37pieal Angiosperm is an autotrophic (prototrophic)
plant. By this we mean that it is able to build up its

Autotro~ organic food-material within itself from inorganic

pbisman^ substances taken by it from without. In the
heterotro- early juvenile phases of their life, however,
pbism, many such autotrophic Angiosperms are hetero-
trophic^ that is to say, they take in their organic food-
material from without, inasmuch as they feed in
germination upon reserve-food stored up within the seed,
frequently by means of a special sucker produced by the
cotyledon. This is after all only a case of prolongation
of the nursing process common to all embryos, and of the
drawing of food from one set of cells to another which is

characteristic of the higher plants in consequence of their

colonial organization. On the other hand some Angio-
sperms are persistently heterotrophic, either as saprophytes
(metatrophic) or as parasites (paratrophic), and this

manner of life involves some kind of symbiosis. Between
truly autotrophic Angiosperms and truly heterotrophic
ones there are all degrees, and such intermediate forms
have been designated mixotrophic,

A typical saprophyte is a plant which derives its food-
material from dead organic matter. This method of feeding

is associated with the presence of the mycelium of a

p^^sm. attached to the absorbing system and form-
ing a mycorhiz^at and there is a reciprocal symbiosis

between the Angiosperm and the fungus which is eiidophyty^,
only rarely ectophytic. Reduction of the vegetative system of
the Angiosperm accompanies this. The subterranean portion
of the plant is small and the roots may be absent. In the
shoot chlorophyll is suppiessed, and commonly a brown pigment,
the use of which is unknown, is present ; there are only scale

-

leaves, and the carrying system is rudimentary. Such typical
saprophytes are holosaprophytes, 'Where chlorophyll is present
in small amount the plant is able to manufacture some at
least of its carbonaceous food and is then a hemisayrophyte,
Angiospermous holosaprophytes are not common. They are
known amongst Gentianeae and Monotropeae only of Dicotyle-
dones, and most of them are Monocotyledones of the Orcliideae,

Burmanniaceae, and Triuridese, They are derived from auto-
tiophic forms and do not appear to be associated with any special

climatic conditions, but, as their structure would suggest, are

most of them plants of shade and moisture. A large number of
Angiosperms which appear to be independent autotrophic forms
are now known to engage in a form of symbiosis, the exact
relations in which are not yet deteimined. More or fewer of
their rootlets have their extremities invested by a weft of hyphal
mycelium as an ectophytic wycorhiza. This is not constant in
one species, nor do all rootlets of one plant show it. Its frequency,
however, indicates some reciprocal relation between the Angio-
sperm and the fungus. The occurrence of mycodomatia upon
the roots of plants of Leguminosse as well as of other families is a
result of a sj^biosis, and is of supreme importance in agriculture

on account of the accumulation of nitrogenous material that takes
place within them. The fact known to gardeners that, as the
wood of tubs in which large plants are grown gradually decays,

the roots of the occupant spread into it and there develop
mycorhiza, usually endophytic, points in the direction of the

facultative sapropnytism of all Angiosperms, The habit possessed

by a few plants of different cycles of affinity of capturing insects

in traps of various kinds, enables them to obtain an accession to

their supply of nitrogen. In some of them a proteolytic enzyme
brings about the digestion of the insect for the benefit of the

plant (Droseracese, Nepenthacese), in other cases there appears

to be no enzyme, and the plant absorbs soluble nitrogenous sub-

stances formed in normal putrefaction (Sarraoeniaceae). Some
carnivorous plants are hydrophytes (TJtricularia). The flower-

structure of typical saprophytes has no feature of special interest,

but it is much to be wished that we had full knowledge of the

changes in the embryo-sac and of the phases of embryogeny.

A parasite takes all or a portion of its food-material from a

living host into which it penetrates. The degree of connexion

between the two and the dependence of the parasite
Parasitism*

the host vary between the completeness of that

of holoparasitic Rhizanths, in which little more than the flower of

the parasite is visible upon the outside of the stem of the host

and the parasitism is absolute, and the limitation of that of the

hemiparasitic Rhinantheas, in which to all appearance theie is an
independent autotrophic geophyte, for it possesses chlorophyll
and its union with the host is confined to isolated points below'
ground. The seat of attachment of the parasite may be either
the root or the stem of the host

;
sometimes, in the case of twining

i>arasites, the leaf may also be made use of. In the simplest
cases the parasite develops a sucker (haustorium)j from the
centre of which piercing connexions of kinds proceed, and it then
maintains its individual shoot development, which may be that
of a herb (annual or perennial), shrub, tree, or liane, outside the
host. But in the more advanced conditions of parasitism the
leduction of the vegetative system of the parasite is so great that
its individuality outside the host is lost, and it appears as a web
of threads running within and blending wuth the tissues of the
host, in the manner of a mycelium, or forming with the tissue of
the host a tuberous conjoint stock from which the reproductive
system shoots. All angiospermous parasites are derived from
autotrophic foims, but the modification in the form and structure
of their organs—both vegetative and reproductive—induced by
the parasitism, makes the relation of holoparasitic groups some-
what obscure. Parasitism is unknown amongst Monocotyledones,
but has appeared more than once amongst Dicotyledones.
Cytineae, Balanophoreae, Orobanchaeese, Lennoacese, are families
of differing position which are characteristically holoparasitic.

Loranthace® and Santalace® are chiefly hemiparasitic, as are
most of the parasitic Scrophularine®. Parasitism is not
associated with any special epedaphic conditions, and there are
no hydrophilous parasites. It occurs in all regions of the world,
and in the varying environment of dark damp tropical woods,
arid plains ofwarm regions, tropophil woods of temperate regions,

and alpine slopes. Accordingly both xerophilous and hygro-
philous features appear. The host in some cases seems to have no
particular attraction to the parasite, and any species of plant
may be used by the same specific parasite, even its own body
being acceptable

;
on the other hand, there are parasitic species

which are only known upon one kind of host. Of the factors

which co-operate in bringing about tlie attachment of a parasite

to its host we know nothing beyond the fact that chemiotactic and
contact stimuli are, as in all cases of infection, concerned in xt.

The life of the host may or may not be affected by the parasite.

Species of Cuscuta^ if they do not kill, may so arrest the growth
of their host- plant as to bring about results disastrous in
agriculture, and by the penetration of loranthaceous plants
deformities of stem and branches are produced in trees, which
then become useless for timber. It has been claimed that in the
case of chlorophyllaceous parasites, the symbiosis may not be
antagonistic but reciprocal, but even if this be so to some extent,

the amount of aid rendered to the host does not compensate for

the drain upon its resources made by the parasite. So con-

spicuous is this that legislation restricting the cultivation of

mistletoe, on account of the damage caused by it in orchards, has
been deemed necessary in some districts in Europe. In the more
recently derived parasites, those of bicarpellate gamopetalous
Dicotyledones, most of which are hemiparasitic and epirhizal,

the flower-structure and seed-formation retain in the main their

immediate ancestral features, but in the families of the
Loranthales, to which all evidence concurs in ascribing a far back
origin, many modifications in the way of reduction are found.

The inflorescence may be endogenetic, the ovule may consist of

nueellus alone, and frequently there is no ovule—the emhryo-sacs,

of which there are many, being then developed in the torus or

in the ovarian wall. The formation of endosperm offers many
features of interest, one of the most remarkable being that
seen in Balanophora, where the apical polar energid alone of the
energids within the embryo-sac survives disintegration, and then,

in the absence of fertilization, segments to form a pluricellular

endosperm upon which an embryo apogamously buds. The
history of few forms is well known, and these require re-study in

the light of the recently - acquired knowledge of fertilization.

There is no more promising field for investigation than that of

the embryogeny of parasites.

Intimate relations between Angiosperms and the animal
kingdom have been shown to exist in the work of pollination,

of dissemination, and of the feeding of carni-

vorous plants. Another relation of which the ^

facts are clear enough, but of which the evolution is doubtful, is

that known as Mynnecophily, Species of ants make their home
on tropical plants, living in hollows of stem, petiole, or stipule,

which are commonly enlarged and may form tuberous cushions.

They feed upon either the secretion of extra-floral nectaries, or

upon the richly nitrogenous contents of modified glands {MulUr‘s

corpuscles), which are borne upon some part of the leaves, and
which are continuously renewed during the life of the leaf.

These ants act as a bodyguard to their home against the inroad

of leaf-cutting ants collecting material for their fungus-gardens.

These remarkable relationships have naturally led to tlie assump-
tion that there is causal connexion between the ants and the
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plant-structures, a view for which there is, however, no sufficient

evidence.

The position of Angiosperms as the highest plant-groui)

is unassailable, but of the point or points of their origin

from the general stem of the plant kingdom,

and of the path or paths of their evolution, we

toonomy. can as yet say little. Until well on in the

Mesozoic period geological history tells us

nothing about Angiosperms, and then only by their

vegetative organs. We readily recognize in them now-

a-days the natural classes of Dicotyledones and Mono-

cotyledones distinguished alike in vegetative and in

reproductive construction, yet showing remarkable

parallel sequences in development ;
and we see that the

Dicotyledones are the more advanced and show the greater

capacity for further progressive evolution. But there is

no sound basis for the assumption that the Dicotyledones

are derived from Monocotyledones
;
indeed, the palaeonto-

logical evidence seems to point to the Dicotyledones being

the older. This, however, does not entitle us to assume

the origin of Monocotyledones from Dicotyledones, although

there is manifestly a temptation to connect helobic forms

of the former with ranal ones of the latter. There is no

doubt that the phylum of Angiosperms has not sprung

from that of Gymnospernis.

Within each class the flower -characters as the essential

feature of Angiosperms supply the clue to phylogeny, but the

uncertainty regarding the construction of the primitive anglo-

spermous flower gives a fundamental point of divergence
_
in

attempts to construct progressive sequences of the families.

Simplicity of flower-structure has appeared to some to be always
rimitive, whilst by others it has been taken to be always

erived. There is, however, abundant evidence that it may have
the one or the other character in different cases. Apart from
this, botanists are generally agreed that the concrescence of parts

of the flower-whorls—in the gynseceum as the seed-covering, and
in the corolla as the seat of attraction, more than in the

andrcecium and the calyx—is an indication of advance, as is also

the concrescence that gives the condition of epigyny. Dorsi-

ventrality is also clearly derived from radial construction, and
anatropy of the ovule has followed atropy. We should expect

the albuminous state of the seed to be an antecedent one to the

exalbuminous condition, and the recent discoveries in fertiliza-

tion tend to confirm this view. Amongst Dicotyledones the
gamopetalous forms are admitted to be the highest develop-
ment and a dominant one of our epoch. Advance has been along
two lines, markedly in relation to insect-pollination, one of

which has culminated in the hypogynous epipetalous bicar-

pellate forms with dorsiventral often large and loosely arranged
flowers, and the other in the epigynous bicarpellate small-

flowered families of the Aggregate. In the polypetalous forms
progression from hypogyny to epigyny is generally recognized,

and where dorsiventralxty with xnsect - pollination has been
established, a dominant group has been developed as in the Legu-
minosae. The starting-point of the class, however, and the position
within it of apetalous families with frequently unisexual flowers
have provoked endless discussion, and there is no uniformity in
opinion upon these matters. In Monocotyledones a similar advance
from hypogyny to epigyny is observed both in a geo-aerophilous
and in a hydrophilous series, but the class does not appear to be
now progressive. In this connexion it is noteworthy that so

many of the higher forms are adapted as bulbous geophytes, or
as aerophytes to special xerophilous conditions. The Gramineae
offer a prominent example of a dominant self-pollinated or wind-
pollinated family, and this may find explanation in a multiplicity
of factors.

From an early period in the century systematists have been
endeavouring to group the families of the two classes of Angio-
sperms in larger associations under such designations as Alliance,
Cohort, Series, and such endeavours were in the direction of
discovering real phyla—although in the pre-Darwinian period
the idea was not always present. The relationship of some
families is so clear that there has never been any doubt about
their forming phyletic groups, but on the other hand there are
many, either isolated or of reduced type, the position of which
has been and in very many cases is still open to discussion, and
consequently the limits of these phyla—like the limits of families,

f
enera, and species—have been variously assigned by different

otanists according to their particular views and to the knowledge
of their time. The arrangement by botanists of these phyla in

larger groups has given us different systems which, if they all

lay claim to associating in some measure natural groups, \aiy

in the degree to which convenience or genetic relation—real or

imagined—has influenced them. In Great Britain the system
adopted by Bentliam and Hooker—itself framed upon that of

De Candolle, which in turn owed its origin to Jussieu—holds

sway, with some modification, fortified as it is by the detailed

description in their magnificent work—the Genera Flantanm—
of all genera known at the time of writing. It is

Dicotyledones.

r Thalamijiorce.

POLYPETALiE^ DhSClflorCd.

yCalyciflotw,

( Inferce.

GAMOPETALiB^ Eeteromero*.

\BiQaT^ellat(z,

Monochlamydeas.
GYMNOSPEEMiE.

Monocotyledones.

The inclusion of Gymnospernis amongst Dicotyledones was
more a conforming with conventional practice than the expression

of an opinion of genetic relationships which were recognized as

cryptogamic. Apart from this, the grouping in the Polypetal^e

and Gamopetalce indicates in the main the lines of progression

of Angiosperms; the juxtaposition of Infer^e and Calyciflorje

being adoi)ted to bring into prominence the similarities of facies

between the flower-features of the highest Polypetal.ft and the
aggregate Gamopetalse. The Monocnlamydeee, on the other
hand, was retained as a convenient group for apetalous and often

unisexual families, the relationships of many of which were and
are doubtful, although the connexion of some of them with
polypetalous families was clearly pointed out. In Germany
there has recently been completed I)ie Naturlichen PJlanzen-

familien— a book made possible by Bentflam’s and Hooker’s
labours— the combined work of many botanists under the

editorial guidance of Engler and Prantl. It gives brief diagnoses

of all known genera. Tne system adopted in it is ;

—

Dicotyledones.

Archichlamyeb® {Ohorijyetalco and Apetalm),

Metachlamyde-e (Sympetalce),

Monocotyledones.

In this system the Apetalae disappear as a group, and the

families are assigned their positions in the several phyla or

series, as they are termed, to which in the views of the writers

they belong. The series are arranged in genetic sequence, so

far as a linear arrangement permits of this, beginning with
Casuarineae and Piperacese which are regarded as the most
primitive forms extant. As an attempt at a i>hylogenetic

arrangement this system is now preferred by many botanists,

particularly in America. More recently a startling novelty in

the way of system has been produced by Van Tieghem, as

follows :

—

Monocotyledones.
LiorhizaJ Dicotyledones.

Dicotyledones.

Insemixee.
Seminee.

TJnitegminece.

Bitegminecc,

The most remarkable feature here is the class of Liorhizal

Dicotyledones, w’hich includes only the families of Hymph8eace<Te
and Graminese. It is based upon the fact that the histological

differentiation of the epidermis of their root is monocotyledonous,
whilst they have two cotyledons—the old view of the epiblast

as a second cotyledon in Graminese being adopted. But recent in-

vestigation shows that the embryo of Nymphaeacese is monocotyle-
donous, and the adult root-character is only confirmation of this,

and whatever the epiblast be it is not a constant feature of
grass -embryos. Ovular characters determine the grouping in

the Dicotyledones, Yan Tieghem supporting the view that the

integument, the outer if there be two, is the lamina of a leaf of
which the funicle is the petiole, whilst the nucellus is an out-

growth of this leaf, and the inner integument, if present, an
mdusium. The Inseminese include forms in which the nucellus

is not developed, and therefore there can be no seed. The plants

included are, however, mainly well-established parasites, and the

absence of nucellus is only one of those characters of reduction
to which parasites are liable. Even if we admit Yan Tieghem’s
interpretation of the integuments to be correct, the diagnostic

mark of his unitegminous and bitegminous groups is simply that
of the absence or presence of an indusium, not a character of
great value elsewhere, and, as we know, the number of the

I

ovular coats is inconstant within the same family. At the same
' time the groups based upon the integuments are of much the
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same extent as the Polypetal® and Gamopetalae of other systems.
We do not yet know the significance of this correlation between
number of integuments and union of petals.

The reader will find in the following works details of the sub-
ject and references to the literature :—De Bary. CoTnparative
ATiatomy of Fhanerogaim a%d Ferns. English ed. Oxford,
1884:.—Bentham and Hooker. Genera Flantarum. London,
1862-83. — Eichler. Bluthendiagramme. Leipzig, 1875-78.—^Engler and Prantl. Die naturlichen PfiancienfaTnilien.
Leipzig, 1887-99.—Goebel. Organography of Plants. English
ed. Oxford, 1900 (Part 1.).^

—

Habeelandt. Physiologische
Pflanzeariatomie. Aufl. u. Leipzig, 1896.—Knuth. Sa'iMuch
der Blilten'biologie. Leipzig, 1898, 1899.—^Kawaschin. “Ueber
die Befruchtungsvorgange bei einigen Dicotyledonen,” Ber. d.
deutsch. hotan. Oesellsch., June 1900.—Penzig. PJlanzen- Tera-
tologic. Genua, 1890 - 94. — Pfeffer. Physiology of Plants.
English ed. Oxford, 1900.—Sachs. Lectures on the Physiology
of Plants. English ed. Oxford, 1887. — History of Botany.
English ed- Oxford, 1890.— Sargant. Recent Work on the
Results of Pertilization in Angiosperms,” Ann. of Bot. 1900.—
ScHiMPER, Pjtamzen-Geographie auf physiologischer Grundlage.
Jena, 1898.—Seward. Notes on the Geological History of
Monocotyledons,” Ann. of Bot. 1896.— Solereder. Syste-
matische Anatomic der Dicotyledonen. Stuttgart, 1899.—Van
Tieghbm. BUments dc Botaniquc. Paris, 1898.—Warming.
Plantesamfund. Kjobenhavn, 1895. German ed.

,
Lehrhuch der

Ockologischen Pfianzcngeographie. Berlin, 1896.— Zeiller.
iUments de Paloeobotanique. Paris, 1900. (l, b. B.)

Ang^kor, Wat See Siemeat and Cambodia.

Ang^iesea or Angfleseyi an Instdar county of

North Wales, separated from Carnarvon by the narrow
channel known as the Menai Strait.

Area aTidPopulation.—The areaoftheancientand administrative
county is 175,836 acres or 275 square miles, with a population in
1881 of 51,416, and in 1901 of 50,590, the number of persons per
square mile being 184, and of acres to a person 3 *48. The area of
the registration county is 120,199 acres with a population in
1891 of 34,219. Within this area the increase of population
between 1891 and 1901 was 1*0 per cent. The excess of births
over deaths between 1881 and 1891 was 2892, and the decrease in
the resident population was 908. The following table gives the
number of marriages, births, and deaths, with the number and
percentage of illegitimate births for 1880, 1890, and 1899 :

—

Year. Marriages. Births. Deaths.

niegitimate Births.

No.
Per-

centage.

1880 217 1023 1 1023 74 7*3

1890 199 800 729 73 9T
1899 241 894

i

592 58 6*6

In 1891 there were in the county 129 natives of Scotland, 409
natives of Ireland, and 71 foreigners, while 2509 could speak
English, 23,200 Welsh, and 7281 English and Welsh.

Constitution and QoDernnunt.—^Anglesea returns one member
to parliament, and it has now no parhamentary borough. There
is one municipal borough, Beaumaris (2310). The following are

urban districts : Holyhead (10,072), Llangefni (1751), and Menai
Bridge (1600). It is in the North Wales circuit, assizes being
held at Beaumaris. There are forty-four ecclesiastical districts

or parishes, all in the diocese of Bangor.

Bducation.—The number of elementary schools on 31st August
1899 was 64, of which 39 were board and 25 voluntary schools,

the latter including 22 Church of England schools, 1 Roman
Catholic, and 2 British and other.” The average attendance at

board schools was 4060, and at voluntary schools &30. The total

school board receipts for the year ending 29th September 1899
were over £14,242. The income under the Agricultural Rates Act
was £825.

Agriculture.—^About six-sevenths of the total area of the county

is under cultivation, and of this, more than half is in permanent

Year.
Area under
Cultivation.

Com
Crops.

Green
Crops.

Clover.
Fermaneut
Pasture.

FaUo'v?.

1880
1886
1890
1896
1900

147,011
148,006
149,451
162,004
162,478

26,389
26,639
26,188
24,798
21,712

9,468

10,004
10,062
9,306

9,095
1

26,431

27,203
31,724

28,219
44,721

84,889

83,976
81,421

89,592
76,810

333
185
60
76

107

pasture. Less than 8000 acres are hiU pasture, and only a little

more than 2000 acres are under woods. Almost the whole acreage
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under corn crops is occupied by oats

; more than half the green
crop acreage is under turnips, and considerably more than a fourth
under potatoes. A few acres of flax are usually grown. The
preceding table gives the larger main divisions ot the cultivated
area at intervals of five years from 1880.

^

The following table gives particulars regarding the principal
live stock for the same years :

—

Year.
Total

Horses.
Total
Cattle.

Cows and
Heifers in Milk

or in Calf.

Sheep. Pigs.

1880 7108 43,740 15,047 46,735 13,986
1885 7040 47,299 16,299 47;268 15,579
1890 6947 47,753 15,951 64,382 20,028
1896 7604 49,249 16,884 59,315 18,560
1900 8367 56,653 17,264 82,145 15,438

Industries and Trade.—According to the report for 1898 of the
chief inspector of factories (1900), the total number of persons
employed in 1897 in textile and non-textile factories and work-
shops was 997, the number in 1896 being 929 ; 751 of the 997 were
engaged in non-textile factories. The mining industries have been
gradually declining, and in 1899 only employed 549 persons.
Copper has almost ceased to be worked, but some zinc is still

obtained. In 1899 there were raised 61,657 tons of limestone and
23,711 of sandstone.

Fish are plentiful round the whole coast. The fish landed at
Holyhead in 1899 amounted to 17,708 cwt., valued at £3288 ; and
the total value, including shell-fish, was £3562.

See Rowland, Mona Antique Bestaurata. Dublin, 1723 :

2nd edition, London, 1726- History of Anglesey (serving as
supplement to Rowland*s work). London, 1775. See also the
various guide-books to North Wales.

AngrleUf*, a town of Belgium, 3 miles by rail S.E.

of Liege on the river Vesdre. It is the headquarters of the
mining association known as the Tieille Montague^ which
has zinc foundries here. Population (commun^) (1866),
2554; (1880), 4357; (1890), 5902; (1897), 8001.

Angllean Communion.— The Anglican
communion consists of the churches of England and
Ireland, the Scottish Episcopal Church, and the daughter
churches which have sprung from them and are in full

communion with them
;
chief amongst these latter being,

of course, the Protestant Episcopal Church of the United
States of North America. Until the 19th century these

latter were so few in number and so insignificant in

size that such a phrase might well have seemed need-

less : to-day the churches of the Anglican Communion are

a power throughout the world. Together they constitute

one of the three great historical divisions of Christendom

;

the others, of course, being the churches of the Roman
obedience and those of the Orthodox east. The Church
of England was already, in the 8th century, a “mother
of churches” on the mainland of Europe, through the

work of Willibrord, Boniface, and their followers : after

this, however, it suffered from the general stagnation, so

far as aggressive work was concerned, which overtook

most of western Christendom. Nor did it readily

emulate the example of missionary activity shown in

the 16th century by the Jesuits. Some care was taken

to provide for the immediate spiritual needs of English

colonists in America, and many isolated efforts were made
to convert the Indians. But the predominant Calvinistic

theology was not conducive to missionary work, whilst

supposed legal difficulties, and the current theory of

Church and State, long prevented the consecration of

bishops for the Colonies. Archbishop Laud attempted to

obtain a bishop for Virginia. A nomination was actually

made by Charles U., and other efforts were put forth in

the early part of the 18th century ; hut they all came to

nothing. In spite of increasingly urgent petitions, the

Colonies still remained unprovided for. Meanwhile they

were theoretically under the care of the bishops of London,

who from time to time sent commissaries to America, and
ordained young men who were sent to England for the

S. L — 56
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purpose. At length came the War of Indej)endence ;

and

as soon as peace was declared, the church people of

Connecticut sent Dr Samuel Seabury to England with a

petition to the archbishop of Canterbury for his conse-

cration. But as there were, not unnaturally, political

obstacles, Archbishop Moore refused; and they were

compelled to turn to the Scottish bishops, by three of

whom Dr Seabury was consecrated bishop of Connecti-

cut on 14th November 1784. Soon afterwards, at the

initiative of the archbishop, the supposed legal difficulties

were removed (26 Geo. III. c. 84) ;
and on being satisfied

as to the doctrines of the church, and as to the liturgical

changes which were then under discussion in a convention

at Philadelphia, the two English archbishops proceeded to

consecrate William White and Samuel Prevoost to the

sees of Pennsylvania and New York on 14th February

1787. Thus the Protestant Episcopal Church in the

United States was properly equipped; and since then

its progress has been constant. At the time of Seabury’s

consecration there were barely 100 Anglican clergymen

in the United States : to-day there are in all 91 American

bishops and over 5000 clergymen, working either at home
or abroad. The American church has never proceeded to

the organization of provinces. The presiding bishop is

the senior by consecration, and the House of Bishops

elects its own chairman.

On 12th August 1787 Dr Charles Inglis was conse-

crated bishop of Nova Scotia, with jurisdiction over all

the British possessions in North America. In

Cburcb 1793 the see of Quebec was founded
;
Jamaica

in the and Barbadoes followed in 1824, and Toronto
Colonies. Newfoundland in 1839. Meanwhile the

needs of India had been tardily met, on the urgent

representations in Parliament of William Wilberforce and
others, by the consecration of Dr T. F. Middleton as

bishop of Calcutta, with three archdeacons to assist him
in his labours. In 1817 Ceylon was added to his charge

;

in 1823 all British subjects in the East Indies and the

islands of the Indian Ocean; and in 1824 “New South
Wales and its dependencies ”

! Some five years later,

on the nomination of the Duke of Wellington, William
Broughton was sent out to work in this enormous juris-

diction as archdeacon of Australia. Soon afterwards, in

1835 and 1837, the sees of Madras and Bombay were
founded; whilst in 1836 Broughton himself was conse-

crated as first bishop of Australia. Thus down to 1840
there were but ten colonial bishops

;
and of these several

were so hampered by civil regulations that they were
little more than government chaplains in episcopal orders.

In April of that year, however, Bishop Blomfield of London
published his famous letter to the archbishop of Canter-
bury, declaring that “ an episcopal church without a bishop
is a contradiction in terms,” and strenuously advocating a
great effort for the extension of the episcopate. It was not
in vain. At a meeting held at Willis’s Booms in London,
early in 1841, the plan was taken up with enthusiasm,
and large subscriptions were promised; and on WMtsun
Tuesday of that year the bishops of the United Kingdom
met and issued a declaration which inaugurated the Colonial
Bishoprics Council. Subsequent declarations, in 1872
and 1891, have served both to record progress and to
stimulate to new effort

;
and since 1841 a sum of about

£800,000 has been raised and applied to this object. The
diocese of New Zealand was founded in 1841, being en-
dowed by the Church Missionary Society through the
Council, and George Augustus Selwyn was chosen as
the firsf bishop. Since then the increase has gone on,
as the result both of home effort and of the action of
the local churches. Thus St John’s Kaffraria was founded
by the Scottish Episcopal Church; the foundation of a
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see in Japan by the Canadian church is in contemplation;

and the colonial churches have all done their share.

Moreover, the fuller realization of the nature and value of

the episcopal office has led to the sending out of bishops

to inaugurate new missions, instead of waiting until there

is already a large body of clergy and lay people : this

procedure has been followed in the cases, amongst others,

of the Universities’ Mission to Central Africa, Lebombo,
Corea, and New Guinea

;
and the missionary jurisdictions

so founded develop in time into dioceses. And thus,

instead of the ten colonial jurisdictions of 1841, there

are now about a hundred foreign and colonial jurisdic-

tions, in addition to those of the church of the United
States. The see of Carpentaria in Australia was founded
in 1900, and scarcely a year passes without the addition

of one or more to the list. It was only very gradually

that these dioceses acquired legislative independence and
a determinate organization. At first, sees were created

and bishops were nominated by the Crown by means of

letters patent
;
and in some cases an income was assigned

"

out of public funds. In fact, such was the theory of the

crown officers as to its inherent rights as the “ fount of

honour” that Bishop Selwyn only managed by great

exertions to prevent the insertion of a clause in his own
letters patent reserving the appointment of his arch-

deacons to the Crown! Moreover, for many years all

bishojis alike were consecrated in England, took the

customary “ oath of due obedience ” to the archbishop of

Canterbury, and w^ere regarded as a species of extra-

territorial suffragans of his. But by degrees changes have
been made on all these points.

(1) Local conditions soon rendered necessary some-

I

thing of the nature of a provincial organization, and
it was gradually introduced. The bishop of

Calcutta received letters patent as metropolitan P^oyincut

of India when the sees of Madras and Bombay
were founded

;
and fresh patents w’ere issued to

Bishop Broughton in 1847 and Bishop Gray in 1853, as

metropolitans of Australia and South Africa respectively.

Similar action was taken in 1858, when Bishop Selw^-m

became metropolitan of New Zealand
;
and again in I860,,

when, on the petition of the Canadian bishops to the

Crown and the colonial legislature for permission to

elect a metropolitan, letters patent were issued appointing

Bishop Fulford of Montreal to that office. Since then

metropolitans have been chosen and provinces formed by
regular synodical action. The process has been greatly

encouraged by the resolutions of the Lambeth confer-

ences on the subject; and in 1901 the formation of

a province of Queensland was in contemplation, with

Brisbane as its metropolitan see. The constitution of

these provinces is not uniform. In some cases, as South
Africa, New South Wales, and Queensland, the metro-

politan see is fixed: a practice which is not only in

accordance with most ancient precedents, but which

secures the inestimable benefit of an unbroken history.

Elsewhere, as in Canada and New Zealand, where no-

single city can claim pre-eminence, the metropolitan is

either elected or else is the senior bishop by consecration,

whatever his see may be. Two further developments must
be mentioned, (a) The creation of diocesan and provincial

synods, the first diocesan synod to meet being that of

New Zealand in 1844, whilst the formation of a pro-

vincial synod was foreshadowed by a conference of

Australasian bishops at Sydney in 1850, {h) In recent

years the title of archhisJwp has been given to the

metropolitans of several provinces. It was first assumed
by the metropolitans of Canada and Eupert Land, at the

desire of the Canadian General Synod, in 1893 ;
and

subsequently, in accordance vsdth a resolution of the
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Lambeth Conference of 1897, it was given to the metro-
politans of

^

New South Wales and South Africa by their
synods. Civil obstacles have hitherto delayed its adoption
by the metropolitan of India.

(2) By degrees, also, the colonial churches have been
freed from their rather burdensome relations with the

state. The church of the West Indies was
Freedom disestablished and disendowed in 1868 (Estab-

coj^roh
^ lishment). In 1857 it was decided, in Regina

V. Eton College^ that the Crown could not claim
the presentation to a living when it had appointed the
former incumbent to a colonial bishopric, as it does in the
case of an English bishopric. In 1861, after some protest
from the Crown lawyers, two missionary bishops were
consecrated without letters patent for regions outside

British territory : C. F. Mackenzie for the Zambezi region
and J. C. Patteson for Melanesia, by the metropolitans
of Cape Town and New Zealand respectively. In 1863
the Privy Council declared, in Long v. The Bishop of Cape
Town, that '‘the Church of England, in places where
there is no church established by law, is in the same
situation with any other religious body.” In 1865 it

adjudged Bishop Gray^s letters patent, as metropolitan of

Cape Town, to be powerless to enable him “ to exercise

any coercive jurisdiction, or hold any court or tribunal for

that purpose,” since the colony of South Africa already

possessed legislative institutions when they were issued; and
since there was no formal compact of obedience between
them, his deposition of Bishop Colenso was declared to

be “null and void in law.” This apparent disaster, as

Bishop S. Wilberforce at once foresaw, proved to be “ the

charter of freedom of the colonial church.” The South
African bishops forthwith surrendered their patents, and
formally accepted Bishop Gray as their metropolitan, an
example followed in 1865 in the province of New Zealand.

In 1862, when the diocese of Ontario was formed, the

bishop was elected in Canada, and consecrated under a
royal mandate, letters patent being by this time entirely

discredited. And when, in 1867, a coadjutor was chosen

for the bishop of Toronto, an application for a royal

mandate produced the reply from the Colonial Secretary

that “ it was not the part of the Crovm to interfere in the

creation of a new bishop or bishopric, and not consistent

with the dignity of the Crown that he should advise Her
Majesty to issue a mandate which would not be worth the

paper on which it was written, and which, having been

sent out to Canada, might be disregarded in the most
complete manner.” And at the present day the colonial

churches are entirely free in this matter. This, however,

is not the case with the church in India. Here the

bishops of sees founded down to 1879 receive a stipend

from the revenue (with the exception of the bishop of

Ceylon, who no longer does so). They are not only

nominated by the Crown and consecrated imder letters

patent, but the appointment is expressly subjected “to

such power of revocation and recall as is by law vested ”

in the Crown ;
and when additional oversight was

necessary for the church in Tinnevelly, it could only be

secured by the consecration of two assistant bishops, who
worked under a commission from the archbishop of

Canterbury which was to expire on the death of the

bishop of Madras. Since then, however, new sees have

been founded which are under no such restrictions ; by the

creation of dioceses either in native states (Travancore and

Cochin), or out of the existing dioceses (Chota Nagpur,

Lucknow, &c.). In the latter case there is no legal sub-

division of the older diocese, the new bishop administering

such districts as belonged to it under commission from its

bishop, provision being made, however, that in aU matters

ecclesiastical there shall be no appeal but to the metro-

politan of India, But this is an obvious anomaly, and it

is likely that matters will be simplified in the future.

(3) By degrees, also, the relations of colonial churches
to the archbishop of Canterbury have changed. It was
at first assumed, as has been said, that a colonial

bishop was an extra-territorial suffragan of the

archbishop. Until 1855 no colonial bishop was
consecrated outside the British Isles, the first instance

being Dr MacDougall of Labuan, consecrated in India

under a commission from the archbishop of Canterbury

;

and until 1874 it was held to be unlawful for a bishop to

be consecrated in England vdthout taking the suffragan’s

oath of due obedience. This necessity was removed by
the Colonial Clergy Act of 1874 (37 and 38 Viet. c. 77,

sec. 12), which permits the archbishop at his discretion to

dispense with the oath. This, however, has not been done
in all cases; and as late as 1890 it was taken by the

metropolitan of Sydney at his consecration. But natural

as it is that the oath should be taken by a colonial bishop

holding mission from the archbishop of Canterbury, that

it should be taken by the suffragan of another province, or

still more by a metropolitan, is an obvious anomaly, and
one which >^1 doubtless be modified in course of time.

Thus the constituent parts of the Anglican communion
gradually acquire autonomy : missionary jurisdictions

develop into organized dioceses, and dioceses are grouped
into provinces with canons of their own. But the most
complete autonomy does not involve isolation. The
churches are in full communion with one another, and
act together in many ways

;
missionary jurisdictions and

dioceses are mapped out by common arrangement, and
even transferred if it seems advisable : e.g,, the diocese

Honolulu (Hawaii), hitherto under the jurisdiction of the

archbishop of Canterbury, was transferred in 1900 to

the church of the United States on account of political

changes. There is a strong affection for and deference

to the see of Canterbury, which shows itself by frequent

consultation and interchange of greetings; there is also

a strong common life which has been emphasized in

recent years by common action (Lambeth Conferences),

and seems likely to be even more significant in the future

The Anglican Communion consists of the following: (1) The
Chuich of England, 2 pi evinces, Canterbury and Yoik, with 23 and
10 dioceses respectively. (2) The Chmch of Ireland, 2 provinces,

Aimagh and Dublin, with 7 and 6 dioceses respectively. (3) The
Scottish Episcopal Church, with 7 dioceses. (4) The Piotestant

Episcopal Church of the United States, with 81 dioceses and
missionary jurisdictions, including North Tokyo, Kyoto, Shanghai,

Cape Palmas, and the independent dioceses of Hayti and Biazil.

(5) The Canadian Church, consisting of (a) the province ot Canada,

with 10 dioceses ; (&) the province of Rupert Land, with 8
dioceses, of which 2, Saskatchewan and Calgary, are at present

united. (6) The Church in India and Ceylon,^ 1 province of 11
dioceses. (7) The Church of the West Indies, 1 province of

8 dioceses, of w^hich Barbadoes and the Windward Islands are

at present united. (8) The Austialian Church, 1 province of

6 dioceses and 9 (at present) unorganized dioceses, which, how-
ever, are united under the General Synod of Australia. (9) The
Church of New Zealand, 1 province of 6 dioceses, together

with the missionary juiisdiction of Melanesia. (10) The South

African Church, 1 province of 10 dioceses, with the 2 mission-

ary jurisdictions of Mashonaland and Lebomho. (11) Nearly 30

isolated dioceses and missionary jurisdictions holding mission from

the see of Canterbury.

Authorities—Official Year-look of the Church of E^nglaiid.—^

Phillimore. McclesfiaMical vol. ii. London, 1895.

—

Digest

of S.P,C, Records, London, 1893.—E. Stock. History of the

Church Missionary Society, 3 vols, London, 1899.— H. W.
Tucker. The English Church in Other Lands, London, 1886.

—

A. T. WiRGMAN. The Church and the Civil Power, London, 1893.

(w. E. Co.)

Anglicarll Orders.—^The attacks which Eoman
Catholic controversy has made upon the orders of the

English Church have varied greatly in character, and

shifted their ground from time to time ;
but all may be
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reduced to two classes
:

(i.) historical objections, and (li.)

ecclesiastical objections.

(i.) TLe difficulty began with the repudiation of papal

supremacy by Henry VIII., when, according to Homan
theory, the English Church became schismatical and

its orders marred by the taint of schism. A further

alienation took place when the Edwardine English

ordinal of 1550 and 1552 superseded the old Latin ponti-

fical, and orders were thereupon conferred by a newly-

reformed rite. At Mary’s accession the pontifical was

restored, and eventually Cardinal Pole reconciled the

English Church with the Holy See. The exact effect of

his action is a matter of controversy* There is no question

that he reconciled the schism to the Pope’s satisfaction,

and therefore that objection to the Henricianand Edward-

ine orders came to an end
;
but it is a disputed question

both how he was authorized by his papal faculties to deal

with the orders conferred by the Prayer Book rite and,

also, how in fact he did deal with them. Historical inquiry

shows that for a short period before Pole’s advent a small

number of reordinations took place, but subsequently they

almost entirely ceased ;
and it is contended that in other

cases the orders were tacitly allowed, possibly after some

slight supplemental ceremony, and that Pole’s instructions

were designedly vague. The contention is supported by
the fact that, while a vast number of parochial clergy

were deprived in 1553-54, no case is known of a depriva-

tion on the ground of Edwardine orders. In answer to

this Anglican contention an attempt is made to extract

from Pole’s instructions a definite condemnation of the

Edwardine orders, and to maintain that all such clergy

as were allowed to minister in Mary’s reign must have

been reordained. When the Prayer Book was restored

under Elizabeth the question returned again, and there is

no doubt that since the latter half of the 16th century

the Koman Catholics have continually treated Anglican

orders as null and void. Still there was no adverse

decision. The orders were vaguely attacked, and after

1570 reordinations took place abroad, and in 1608 at

Eome; but there was little definite justification offered

for this till the Nag’s Head fable was invented in 1604,

and it was seriously maintained that Archbishop Parker

—

the main channel of Elizabethan orders—had had no
better consecration than a mock ceremony in a tavern.

This fable has had great influence on the controversy. In
1616 doubts were cast on the consecration of Barlow,
Parker’s chief consecrator. There was more justification

for this, but both these historical objections have broken
down. They were not, as it now appears, seriously enter-

tained at the first official inquiries into the question at

Rome in 1685 and 1704 ;
and though they survived until

recently as large factors in popular controversy, they bid
fair now to disappear, and the battle is shifted to other
ground.

(ii.) The theological or ecclesiastical objections fall into
three classes. Eirst and earliest came the objection to

the orders on the g;round of the repudiation by the English
Church of the theory of papal supremacy. This has figured

largely in the earlier and the less scientific phases of the
controversy ; but, accurately speaking, it is no objection
to the validity but only to the regularity of the orders,

and it merely forms part of the general subject of the
relation of the English Church to the Papacy, and affects

Anglican orders on the same ground as the orders of the
Orthodox Church. The other two points touch the
question of the ordinal in English, which in 1560 tpok
^e place of the old English pontificals in Latin, and with
slight modifications remains the ordinal of the Anglican
communion today. Objection is raised to this on the
ground :

(a) that it is, in form^” deficient in the essentials

required for a valid ordination
;
and (y8) that the inten-

tion,” which lies behind it, and with which the Church
uses it, is also deficient, (a) The criticism of the “ form ”

of the ordinal has taken many shapes, and several charges

have been made, only to be withdrawn as inadmissible.

It has been maintained that the mere giving up of the

Latin pontifical was in itself a final departure from the
“ form of the Church ”

: but the Church Catholic has no
one single form for holy order; it has used, and still

uses, many forms. The absence of any “porrection of

instruments” after 1552 has been made a grave objection,

because Eugenius IV. defined this (1439) to be the essen-

tial matter of ordination. But his definition was never

universally accepted, and since the work of Pfere Morin

(1686) has been recognized to be erroneous. Other and
more subtle objections to the Anglican form have been
raised ever since the question was first officially examined
at Rome in 1685, and again for the Gordon Case in

1704. The documents of these two inquiries have
been only recently and incompletely published, and the

precise nature of the objections raised is not clear. But
they were probably the same as those raised in the bull

ApostoliccB Guroe in 1896, viz., that the words accompanying
the imposition of hands are an insufficient form to define

the action which is going on. Attention is called to the

fact that the words were made more explicit (both for

priests and bishops) at the revision of the Prayer Book
in 1661. To this it is replied: that the alteration was
made to refute a Presbyterian construction of the forms

;

that the defining is at least as clear as in the Roman
rite, where no words at all necessarily accompany the

imposition of hands; that the whole service defines be-

yond any doubt what the action is, and what the order

is that is being conferred
;
and that the mere imperative

formula of 1550 do in fact define the order in Biblical

terms, and are more explicit than some of the early

ordination prayers, which do not define at all. All these

objections as to ‘‘form” are comparatively modern, for

the English ordinal was used in Edward’s time by some
of the Marian bishops

;
and even according to the most

modern papal interpretation of Pole’s instructions it would
seem that orders conferred by them using this form were to

he held valid, the form was in itself not insufficient. The
Roman attack is thus inconsistent with itself, as well as

with the Roman rite and the history of Roman ordinations.

(/3) The question of intention is raised partly as a general

objection, and partly with reference to the actual ordinal

and the Anglican doctrine of orders. To the general

objection that unsoundness of views invalidates the ordi-

nations, it is replied—first, that this is not true of individual

views, but that the intention to be taken into account is

the intention of the Church
;
and, secondly, that the general

intention of the English Church with regard to orders is

expressed in the preface to the ordinal as an intention to

continue in valid sequence the orders that have been in the

Church since apostolic times, and is therefore unexception-

able. Further, the special objection is raised that the

English Church fails to express the intention in the case

of the priesthood, because it makes no special mention at

the ordination of the power of offering sacrifice- To this

it is replied that—^first, such mention is only a mediaeval

addition to the Latin pontifical, and therefore is xm-

essential
; and, secondly, the ordinal mentions the whole

work of the priesthood, and not only one side of it, and
thus expresses a more comprehensive and fuller intention

than the Latin pontifical.

The controversy is thus still undecided. The Roman
decision has not met with •fuU approval from learned men
in that eommunion, and has been repudiated not only by
Anglican but by Orthodox writers.
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The older phases of the controversy have heeu superseded by

recent action at Kome and m England. The older books which
still are valuable are two :—On theRoman side—Efai court, Questim
of Angl'kctn OrdiTiationSj 1893 ;

on the English side—

D

jeknt and
Lacby, De Swrarcbjui Anglicanay 1895, and Buyplem&nty 1896.
The latest phase begins with the publication of the bull Apostolicx
CurcBy Rome, 1896, The principal pamphlets and books aie On
the Roman side

—

A Vindication of the Bull, by the Roman Catholic
bishops, 1898

;
Brandi, Boma e Canterbury, Rome, 1897 ; on the

English side

—

The Answer of the Archbishops of England, 1897 ; A
Trecdise on the Bull, 1896 ; and Priesthood in the English Chu/rch,

1898; A. Bulgakofp, Questwn of Anglican Orders, 1899. These
three are tracts xix,, xli,, and liv. of the Church Historical
Society, Also, A. Lowndes, Viiidication of Anglican Orders,

2 vols, New York, 1897, is a useful general summaiy.

(w. H. F.)

Ang'ling'.—Strictly speaking, angling should mean
the capture of fish with the hook, as distinguished from
netting, spearing, or trapping; for “angle” is an old English

word applied to the hook, which in very ancient times

appears to have been made in angular form. Such angular

hooks are still used by the natives in tropical seas. In
modern times, however, angling is the term used to denote

the various forms of fishing, recognized as sportsmanlike,

with rod, line, and hook.

The principal British fishes which are sought after

by the sportsman naturally divide themselves into two
classes. In the first class are the members of the salmon

family which yield sport to the fly-fisher; namely the

salmon itself, the sea-trout, the brown trout,

the grayling. To these may perhaps be

added the char; but this very delicate and
highly esteemed fish, in English waters at any rate, rises

badly, and is not often caught except on spinning baits

fished at a considerable depth. In Scandinavia, on the

other hand, it rises exceedingly weU in many lakes, and
grows to a large size. The smelt is also a member of the

salmon family, and ascends rivers to spawn, but it can

hardly be reckoned among the sportsman's fish. The
second class are commonly spoken of as “ coarse fish,” and

include those species which are found in most

of our rivers, lakes, and ponds. They are the

pike, barbel, bream, perch, carp, tench, chub,

roach, rudd, dace, and gudgeon. Of these, chub, dace,

and rudd yield sport to the fly-fisher, and, in certain

waters, roach and even perch take a fly freely in

the summer time. Instances are recorded from time to

time of other coarse fish taking flies, but, generally

speaking, they are fished for with natural baits of various

kinds. Perch, while not despising such baits as worms,

feed more particularly on the young of other fish
;
widle

the fish of the carp family, which includes the roach,

rudd, dace, chub, barbel, bream, tench, and gudgeon, feed

mainly on vegetable growths, worms, water insects, and

sundry pastes when proffered by the angler, and are

usually captured on float or leger tackle, by the process

known as bottom-fishing. Pike, on the other hand, are

fished for with natural or artificial baits kept in movement

a few feet from the bottom if dead, while live baits are

usually suspended by a float, or used by means of the pater-

noster or leger methods, which will be described later.

Betnrning now to the game fish
;
the salmon first of

all claims out attention by reason of its size,
^

sporting

qualities, and excellence as food. This fish is

Salmon,
disappearing from the rivers of England

and Wales, and has seriously diminished in numbers in

most of the rivers of Scotland and Ireland. The primary

cause of the decrease of salmon is undoubtedly the

increase of the population in the British Isles generally,

which demands such an increased fiish supply that the

salmon, which fetches high prices, is eagerly sought

after by professional fishermen and others for the
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market. The demand is, in consequence, largely in

excess of the natural supply; and the natural supply
itseK is diminished in many cases by pollution which
destroys the eggs of the salmon, by manufactm^ers'

turbines, water-wheels, and other apparatus which
destroy the young of the salmon and hinder the travels

of the spawning fish up stream
;
and by the capture by

poachers of the large salmon themselves when on the

spawning beds. In the sea, in the estuaries of rivers,

and even in the narrow freshwater rivers themselves,

salmon are ruthlessly netted for market purposes. It

is a striking peculiarity of the salmon that while it must,

in view of its rapid growth, feed largely in the sea, it

is rarely caught in salt water by the angler. In rivers,

on the other hand, where it rises to the angler's fly and
takes his prawn, worm, gudgeon, or other bait, it lapidly

gets out of condition and is Believed to feed but httle.

In most salmon rivers there is, as a matter of fact, little

food to sustain such large fish. The most sportsmanlike

method of catching salmon is undoubtedly with the fly,

though, generally speaking, the combination of feathers,

tinsel and wools which go to make up this lure, does

not represent any insect known to entomologists. What
are termed fancy flies are possibly taken by the fish for

the young of some marine creature, or simply for some
unknown thing struggling to escape. To the present day
trout are fished for in Norway with a piece of red rag

trailed behind a boat, and it can hardly be suggested

that the fish regard this as any known item of food, or

that it is absolutely necessary that artificial flies or baits

should represent existing insect or animal life. Grilse,

which is the name given to salmon on their first return

to the river before spawning, will rise to such flies as

the March brown; and even a full-grown salmon will

occasionally take quite a small fly. Salmon rise most
readily when first leaving the sea and entering the river.

After being in fresh water a little time they apparently

settle down to a period of inactivity and feed badly,

though a rise of water will generally set them moving
upwards, and on reaching a new pool they may often be

induced to rise. It should be mentioned here that in

some rivers salmon are running up from the sea aE the

year round ; and it is one of the problems connected with

this remarkable fish to explain why, in the Tay, for

instance, it should enter the river in January, seeing that

the principal purpose for which it comes into fresh

water, namely spawning, is not carried out until the

following autumn at the earliest. These January fish,

moreover, have apparently not spawned during the

months preceding their entry into the river, and unless

it is assumed that they are all barren fish, which is

unlikely, it would appear that the salmon or some
members of the species do not spawn every year. In
the majority of salmon rivers there is a spring run of

salmon; in July and August shoals of grilse enter the

river; while in September there is the autumn run of

big fish, which have evidently come up for spawning and
no other purpose. About the beginning of September,

netting, as a rule ceases, the dates varying in different

rivers; but angling with rod and line is stiH allowed

for a few weeks, as otherwise the proprietors of the

upper reaches of the river, who protect the salmon on
the spawning beds, would obtain no sport at alL In
November angling entirely ceases, and the salmon soon

go on the gravelly shallows, where the female deposits

her eggs^ a few of them only being vivified by milt from
the male. The fish cover their eggs by sweeping gravel

over them. In the course of a few weeks the eggs hatch,

and the resulting fry remain in the river about two years,

very much resembling the small trout in appearance.
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They then begin to grow silvery, descend to the sea

herring- size, and return weighing from 3 ih to as much

as 14 tt). The salmon on its first return to the river

is termed grilse, as we have said
j

but in Ireland the

corresponding name is peal, which should be distinguished

from the same word used in the west country, where it

is always applied to sea-trout. The capture of the

smolts is illegal, but a good many are killed in mistake

for trout.

There is an endless variety of flies used for salmon

fishing, but the angler need not supply himself with a

very great variety, so long as he is provided
piy-fisb- flies of various sizes, as size is regarded,

s^mon. experienced salmon fishermen, as being even

moie important than colour. Speaking gener-

ally, the flies used in early spring are large, and they

diminish in size as the season grows older. In autumn
quite small flies are used for the fish which have been

some time in the river, and, as a general lule, the lower

the water, the smaller should be the fly used, and the

deeper should it be fished. For very bright weather and
clear water, lightly dressed flies, which are mainly light

yellow in colour, are standard favourites, such as the

Sun-fly and the Mystery. But undoubtedly the most
generally favoured of all the salmon flies, and one which
can be reasonably relied upon to kill, if dressed of the

right size, and if the salmon are in taking humour, is

the Jock Scott. It perhaps owes its reputation largely

to the fact that it is a particularly suitable fly for use

when the rivers are clearing after a spate
;
and as this

is quite the best time for salmon fishing with the fly,

the Jock Scott, as a result, kills perhaps more fish than
any other fly known to anglers. The tackle of the

salmon fly-fisher is simple, but somewhat expensive, as

the fish are so strong, and of such value when captured,

that to use weak or indifferent tackle is properly re-

garded as a foolish proceeding. The rod itself may vary
in length from 12 feet to 18 feet, according to the strength

and height of the user, and is usually made of either

split cane, with or without a steel centre, or of green-

heart. It should have plenty of wood in the top joint,

to give it liftmg power. It should bend right away
down to the butt when the cast is made, but must on
no account be weak in the middle, for the salmon fisher

sometimes has to refuse the fish even an inch of line,

which places an enormous strain upon the rod. The
line is usually of plaited silk, and waterproofed, with an
oil dressing. It should be what is termed solid, that is,

not plaited round a core, nor with a centre left hollow.
At the end of the line comes the 3 yards of strong salmon
gut, the upper part of which may be twisted or plaited,

and then the fly. In big, fast-running rivers, treble or
double gut is sometimes required right down to the fly.

Salmon flies are now very commonly tied on eyed hooks,
but many salmon fishers believe that they swim better
if there is simply a small gut loop whipped on at the
end of the shank. To the eye or the loop is tied a
short length of gut which, in its turn, is looped on to the
cast. There are many kinds of excellent salmon reels

made in England, the mechanism of which varies. The
angler should see that there is a good strong check, and
that the reel itself is strongly made and durable.

In working the salmon fly, the angler fishes either
from a boat or from the bank, according to the river,

and casts over pools and other places which are known
by experience to be frequented by salmon. As a rule,

only one fly is used, and the cast is made across and a
little down stream, the current bringing the fly round,
when the fly is drawn up stream a little and a fresh cast
is made. "When grilse are in the river two flies are often

LING
used, particularly if the fish run small; and in some
pools the flies are cast up stream and drawn quickly
down or across, the dropper fly being worked along the
surface. There are many rules which are firmly believed

in by old salmon fishers, but the salmon are constantly
breaking them

;
as, for instance, by taking a fly floating

on the surface, and by rising in pools where, accoiding
to local tradition, salmon aie never caught. The height
of the water has a very great deal to do with success in
salmon fishing, and while, at a certain level, certain pools
will hold rising fish, if the water falls or rises a little

these pools may become useless, and other pools come
into ply. In big rivers the salmon fly is often harled,
that is to say, allowed to trail out behind a boat which
is rowed backwards and forwards across the stream,
being dropped a few yards at each crossing. By this

means the fish sees the fly before being alarmed by the
boat passing over it. In lakes salmon are usually fished

for with two flies, the dropper being worked along tho
surface. Both in lakes and rivers, the angler who fishes

the hardest, other things being equal, generally succeeds
the best ; and it must not be supposed that the fish will

not rise because the pool has been fished over two or
three times. Sooner or later the psychological moment
arrives and the salmon rises. When a salmon misses the
fly it is good policy to rest him for two or three minutes
and then fish for him again, starting a little above him
and gradually working down. If he again misses the
fly, a smaller size of the same pattern may be tried, and
a still smaller one if he rises and misses this. Then
other patterns may be tried if necessary. In playing
the salmon the rod should be kept well up, with the
butt resting against the hip and the left hand grasping
the rod a little above the reel. The line should not be
touched by the left hand. The right hand should be
kept on the handle of the reel, and the line should he
wound up at every opportunity, if only a few inches, and
allowed to run off the reel if the salmon makes rushes or
heavy plunges. The angler should follow the fish,

running or walking, as far as the bank will allow, and
never give an inch more line than he is obliged to, of
course having due regard to the strength of the tackle.

If it can be done without bringing the fish into a
dangerous position, the salmon should be worked down
stream. Thus the angler when playing a salmon
maintains a position on the bank a little below the fish

if he can. It is an almost impossible thing to draw a
very heavy fish up stream against a strong current. A very
sulky fish may be handplayed. Salmon are also fished for
with various baits, such as the prawn, worm, minnow, stone
loach, gudgeon, and artificial spinning baits of which the
phantom and spoon are the best. The spinning baits are
usually harled in large rivers. The prawn is, as a rule, cast
out and allowed to float down stream at about mid-water,
but sometimes it is harled. It is a deadly bait in clear

water. A bunch of worms is used in thick water, while a
single worm on two-hook tackle may be cast up stream in
low clear water.

Trout, which most modern authorities consider spring
from a common ancestor, vary remarkably in size and
appearance. In a Devonshire brook they may
average a fifth of a pound, while in lakes they
grow to over 20 Tb, The Thames grows the largest in
England. One was caught in Loch Stennes which
weighed 29 B6. A cast of this remarkable fish is preserved
in the smoking-room of the Fly-fishers’ Club, London.
Trout may be divided broadly into two kinds: those
which live permanently in river or lake, and those which
pass the greater portion of their lives in the sea, visiting

the rivers in summer and autumn, and while there pro-



ANGLING
,

447

pagating their species in much the same manner as the

salmon. Sea-trout (Salnio trutta), sometimes called salmon-

trout, and known in Ireland as white trout, of which
the bull-trout is a variety, afford sport of the highest class

to the fly-fisher. They are found in many salmon rivers

and smaller streams, and exhibit a partiality for lakes

connected with the sea. They are caught both in the

tidal portions of the rivers, and in the upper reaches.

Fly-fishing for them is carried on in almost identically the

same manner as what is termed w^et-fly fishing for brown
trout

;
except where the fish run, large and small salmon

flies are used, in which case the flies are cast and worked
much as they w’ould be for salmon. Sea-trout are

Sea-trout
short risers, and both for these and

' for sahnon which have been some time in the

river and rise warily, a long-shanked double hook, small

in the bendy is now largely used. It is known as the

Bickerdyke “ Salmo irritans ” hook, Salmo irntans being

a name humorously conferred upon the fish which just

touch the fly without being hooked. Sea-trout are found
in the pools of rivers, in small eddies, and generally in

many of the places favoured by brown trout
;

but they

show a great partiality for a long rippling run of a few
feet in depth, while in the tidal portions of a river a shoal

will frequently be found collected round a sandy spit in

only a foot or rwo of water. They are generally fished

for with rather gaudy flies with a mixed wing, the body
composed of mixed seals fur (such as olive with a little

crimson and blue), with a ribbing of flat silver tinsel and a
short red tuft at the tail like the Zulu. They will at

times take all the ordinary brown trout and loch flies such

as are used both on river and lake, and in tidal pools

there are few better flies than a silver-doctor tied exceed-

ingly small, while small Alexandras are also killing. The
angler should be guided as to the size of his fly by the

nature of the water, in a heavy stream a larger fly being

used than in a quiet one
;
while in the pools, if there is a

good ripple, a slightly larger fly should be used than if the

ripple is trifling. In lakes, sea-trout are found scattered

over all the shallower portions, but favourite spots will be

round the edges of weeds and at the inlet and outlet of

a stream. Sea-trout will take small spinning baits and
worms, and are often fished for with a worm used on
spinning tackle. A favourite artificial bait on the east

coast rivers of Scotland is a very small tube of india-rubber

threaded on a hook, and cast by means of the fly rod.

So far as fly-fishing is concerned, the non-migratory
trout are angled for by two very distinct and characteristic

methods. On most of the English south-country
Non- rivers, and in not a few of those in the Midlands

farther north, the various flies of the

Ephemeridae family are very abundant, and as

they come floating down the river the trout rise to

the surface, take up a position, and seize fly after fly.

To capture the trout in such circumstances the dry-fly

method of fishing has been invented. The flies resemble

tie natural insect, are tied with cocks’ hackles which are

somewhat stiff, and are frequently moistened with paraffin

to make them float. A single fly is used
;
the line, a heavy

and tapered one, is greased; and the rod is usually a

short but powerful weapon of about 10 feet in length. A
feeding fish having been marked down, the angler stalks

him very carefully, keeping well below him, and casting

the fly with great precision about a yard above him so

that it floats down over his nose, when the trout may or

may n*ot take it. Dry-fly fishing has become exceedingly

popular of late years and has many enthusiastic professors.

Though imitations of the Ephemeridae are most generally

used, sedges, alders, palmers, and other flies find places in

the dry-fly fisher’s book ; and when the spring fishing is

over most of the trout are caught in the evening by means
of sedges of various kinds. In wet-fly fishing

the angler regards wind as a necessity on the fating,
more quiet pools, but in dry-fly fishing the trout

are caught in absolutely calm water. The secrets of

success lie, firstly, in being able to mark down feeding

fish
;

in selecting those wffiich are under the bank rather

than out in the middle
;
in keeping within casting distance

of the fish without being observed; in choosing the right fly,

and casting with precision. The difficulties of capturing

fish depend very largely on the amount of fishing done in

any particular river. If, for instance, it is a club water

which is heavily fished, and large numbers of small trout

are constantly being returned, the fish become exceedingly

shy and difficult of capture
;
and it is quite possible that

a certain proportion of them, finding surface feeding a
dangerous amusement, turn their attention to the vast

wealth of crustacean and other natural food which is found
among the weeds of the chalk streams. Among the flies

which are general favourites with dry-fly fishers are the

blue dun, red or claret quill, medium olive quill, iron blue,

dark olive dun, gold-ribbed hare’s ear, silver sedge, orange

sedge, cinnamon quill, little marryat, pale olive quill,

detached badger, alder, Wickham’s fancy, pink Wickham,
and the May-fly.

Wet -fly fishing is more particularly appropriate to

streams where there is no considerable amount of surface

food, where the water is shallow and of a

broken character. Here the trout are ever on ^^Jag,
the look-out for passing particles of food, and
the angler walks up stream casting one, two, or three

flies ahead of him, allowing them to drift back with the

current and striking if he perceives the least check of the

line. On some big rivers, where the water is coloured, it

is a common practice to fish down stream with a long line,

but the up stream method is generally the most successful.

Even in low water, on hot, bright, sunny days, a basket

of fish may be made by wading up stream, using a single

fly, casting it in little runs behind rocks and stones

and in every nook and cranny likely to hold trout
;
and

it is astonishing to find what very small places will hold
trout of a very respectable size. In such circumstances

down stream fishing would be absolutely useless. For the

trout of the smaller English, Irish, and Welsh rivers, and
the Scottish burns, very fine tackle should be used, and,

within reasonable limits, the lighter the rod the better, for

it allows of more delicate manipulation. The trout run
small, rarely exceeding half a pound, but the fishing,

when there are several miles of breezy moorlands to be
walked, is of a very delightful character, and the charm
of the surroundings and the healthiness of the exercise

win fully compensate for the lack of weight on the part of

the quarry. There are some streams which possess the

characteristics of both wet-fly and dry-fly waters
; such,

for instance, is the Dove. Here there are many quiet

reaches of no great depth where there is an abundance of

surface food, and the dry-fly fisher can pass many happy
and profitable hours ;

wbiile between them there are long

rippling shallows, swirling eddies, and miniature falls,

where the wet-fly fisher has every opportunity of killing

fish with his own particular method. To fish such a river

it is desirable that the angler should be acquainted with

both methods, using each in its appropriate place. In
fact, an angler can hardly be said to be a finished fly-fisher

until he is as expert with the dry fly as he is with the

wet fly. It is impossible here to give a complete

list, of the flies used by trout fishermen, but among the

general favourites are the red and black palmers, coch-y-

bondhu, black gnats, the governor, the coachman, duns of

various colours, Greenwell’s glory, l^rch brown, redspinner.
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alder, &c. For wet-fly fishing the fly should, as a rule, be

sparsely dressed, and the hackles should be soft. For low,

bright water, where the fish are at aU educated, some of

the very best flies are those used on Yorkshire streams.

But now and again one happens upon a river where the

•trout show a decided preference for big heavily-dressed

flies. In common language, they appear to like a big

mouthful.

Fishing with the May-fly is a thing of itself. On some

rivers these large species of the Ephemerid^ rise in

extraordinary quantities, and the trout take

them very freely
;

in fact, in rivers containing

coarse fish the trout generally run large, and, as

a general rule, refuse the fly at any other time. The big

rise of May-fly, however, tempts them to the surface, and a

goodly number are captured during the first week or two of

June. Like the duns, the May-fiy is fished either wet or

dry, but more often dry than wet. It sometimes happens,

however, that the wet fly will kill better than the dry.

As the fly goes through its various changes the artificial

should be altered to correspond to it. First we have the

greendrake; then this sheds its skin and becomes the

greydrake
]
and, lastly, the greydrake dies and floats down

with wings expanded on the water, when it is known as

the spent gnat. The fly-fishing on a river is usually

rather poor for a week before the May-fly appears and for

a week or two after it has disappeared, and by some

anglers the presence of the fly is on this account objected

to. On the other hand, the May-fly has a splendid

feeding effect on the trout, putting them into finest

posssible condition.

Lake trout, except where there is an abundance of

coarse fish or bottom-feeding, generally rise much better

L ket at
trout, and are usually

a e
when there is a breeze to ripple the

water, and the day is not too bright. The fish lie round
islands, off rocky points, by the sides of weeds, and over

shallow ground generally, but are not much fished for

with the fly in the deeper portions unless there is a rise of

May-fly or other insects to bring them to the surface.

The common practice is to row the boat to windward of

some likely spot, then drift over it. The anglers, if there

are two, sit at each end of the boat and take alternate

casts. Short casts are better than long ones, for the trout

wih rise close to the boat, and it is, generally speaking,

important to let at least one of the flies drag along the

surface of the water. When a fish rises at the fly and
misses it, he should be cast over again instantly, and may
often be caught. Indeed, the writer has on more than
one occasion known a fish to rise in front of the boat,

miss the fly, the boat go over the fish, and the angler to

take a cast behind the boat and secure the trout. Some
lakes are not suited for drifting, and it is better for the
attendant to row the boat, putting it near likely spots for

fish. One great point in successful loch-fishing is to let

the wind work the flies as much as possible. This can
only be accomplished with rather a long rod, 12 feet or

13 feet being a good length. The line is cast out side-

ways, and the wind, bearing out the hne, drags the flies

in the same direction as the boat is drifting. By this

means the flies are given the natural motion of drifting

with the wind. When they are drawn against the wind
the motion is unnatural, and a large fish will often refuse

to take them. The flies used in lake fishing are mostly of

a fancy character, lake trout showing considerable taste in

the matter of colour, to which, in Ireland particularly,

great importance is attached. There pigs’ wools and silks,

furs of various hues, including olives, russets, reds, browns,
<fec., are used, either alone or mixed. The usual wing is cut

from the breast feather of a maUard, and the hackle, red or

LING
black. A fly tied with red body and teal wing is a standing

favourite. Large lake trout often show a preference

for a claret-bodied fly with a dark mallard wing and black

hackle. The size of fly used should vary according to the

wave or ripple, and whether the day is bright or other-

wise. The rougher and darker the day, the larger and
darker the fly. On a bright day, with a small ripple,

small brightly-coloured flies should be used. Different

lakes, however, have their own peculiarities, and if there

is a rise of any particular fly on a lake, that fly should of

course be imitated. The moorlands have peculiar flies of

their own, and on lakes situated among them, imitations

of those flies should, if possible, be used. On several of

the big Irish lakes there is a considerable rise of May-fly,

when the fish will take the artificial, but are more readily

caught with the natural insect, one or two of which are

impaled on a No. 6 or No. 7 hook and allowed to drift

along the surface, the tackle being simply 2 feet of fine

gut, above which is about 10 yards of floss silk, and then

a fine running line. With a fair breeze the floss silk can
be dispensed with, and an ordinary twisted silk, undressed

line used. The most expert lake dappers prefer a short line

to a long one. In a very faint air trout may sometimes be
caught in this way by tying a goose’s breast feather into

the floss silk line about 4 feet above the hook. By this

means, if the rod is a long one, the May-flies can be got out

sufficiently far to secure an occasional rise.

In addition to the fly, the two other most common
methods of catching trout are with a natural or artificial

spinning bait, and with the worm. The most
sportsmanlike of these, in the sense that it

^
requires most skill, is what is termed dear-water troatf

^
fishing with the worm. On three small hooks,

placed at short intervals at the end of the cast, and
commonly known as Stewart tackle, is impaled a well-

scoured red worm, and this, when the water is low and
bright, the angler casts, wading up stream and fishing

every hole and corner in much the same manner as is

already recommended for the single fly, used under similar

conditions. Grilse and sea-trout are also caught in this

way, and occasionally a salmon. The difficulty, of

course, is to cast or swing out the bait without causing it

to break away from the hooks. The worming, which is

done when the river is in flood, is of a very different

character. Here a piece of lead is fixed on the line above

a good-sized hook, and a big worm is let down in eddies

close to the bank, where sooner or later a fish takes it.

Miimows, which may be either imitations such as the

phantom or Devon, or the natural minnow fresh from the

stream, or one which has been preserved in formalin or

other preservative, are cast across the stream, the line

being drawn rapidly in towards the angler. About

3 yards of gut is desirable above the bait, and at least

2 yards from the minnow should be placed a very small

lead, immediately below which is a double swivel. It is

important t)hat the lead should hang a little below the

level of the line to prevent it from twisting. This ensures

all the spinning taking place below the lead and the swivels

doing their duty. A considerably stiffer rod is required

for this method than for fly-fishing, as much more pressure

is required to get the triangles which are used into the

trout than the single hook on which the fly is mounted.

In the Thames bleak and small dace are used for

spinning, and it is a common practice to use live bait for the

larger trout which in that river approximate in

size to sahnon. The Thames live-bait tackle is trying.
extremely simple. Jt consists merely of a very

small*cork, nothing being better than that taken from a

chemist’s vial, with a ^t down it in which the line is

placed. A yard and a half below this are three or four
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No. 1 shot, and a yard and a half below the shot a hp
hook and a small triangle. It will be seen that the bait
plays near the surface, for near the surface are the trout
when feeding. Success largely depends on knowing the
whereabouts of the fish. Many trout take up their

position after early spring in the more quiet reaches of the
river, but most of the fishing is done in the weir-pools and
on the shallows below them.

In lakes, spinning is usually termed trolling, and is

commonly carried on by trailing the bait some distance
behind the boat. In this case, as there is no casting to
be done, the lead should be placed as far as possible from
the bait; one of the best tackles for the purpose is a
small Chapman spinner. Large trout which are never
caught with the fly, except in the May-fly season, may be
caught by trolling. They are, as a rule, on the shallows
in March and April

; about June they begin to move into

deeper water and remain there until September, when
they are found round the mouths of tributary rivers and
streams up which they will by and by run for spawning.
The deep waters of lakes are not sufficiently fished, perhaps
because the labour of working them properly is consider-

able. As much as a pound of lead may be required to

get down to the depths where the big fish lurk, and so

that this lead may not alarm the wary old trout it has to

be placed not less than 12 feet from the bait. Among the

best baits used are small trout, minnows, gudgeon, bleak,

and stone loach (called collochs in Ireland). A fish

fiimly believed in by many Scottish loch-fishers is Salmo
Jerox^ which is caught usually by trolling. It is, as a rule, a
big-headed, ugly, dark old fish, and modern ichthyologists

are of opinion that it is simply a lake trout of con-

siderable age and usually a male. Trout vary so much
in appearance, according to their age, sex, food, and the

nature of the soil over which they swim, and other local

conditions, that many alleged species have from time to

time been discovered, which, in the end, turned out

to be simply local varieties of the ordinary brown trout.

Eainbow trout (Salmo irideus) have now been so largely

introduced into England, that they certainly claim atten-

Rainb w regards their beauty, sport-giving and

troat.^^ edible qualities, they rival the sea-trout, while

they grow with astonishing rapidity when well

furnished with food. They are easily reared, and are

certainly a great acquisition. They have not yet had time
to become acquainted with the methods of English fly-

fishers, and rise freely at any fly and take all the ordinary

trout baits. They succeed particularly well in lochs and
other enclosed sheets of water. They appear to have
migratory tendencies, but it has not yet been definitely

ascertained whether this migration is simply in search of

food from streams and rivers where they fiind themselves

starved, or whether it is an instinct, A quantity which
were placed in the Dove have, to the knowledge of the

writer, remained there three years. They have disappeared

from many streams.

The grayling (Salmo thymallus\ which is found in

many of the trout streams, is, like the trout, a mem-
ber of the salmon family. It spawns in the

ray ng.
gprii^g^ gets rapidly into condition, but is more

oommonly fished for in autumn than in summer. On
the whole, it frequents somewhat quieter waters than

the trout. In the chalk streams it is taken by the

ordinary dry-fly methods, and elsewhere with both the

wet and dry fly. It is less easily alarmed than the trout,

and will rise again and again from the bottom, a

peculiarity of the fish. Two of the best grayling flies

are a very small apple-green dun and the red tag
;
but a

good imitation of any fly on the water will usually take

this fish. Many grayling are caught in the north of

England by means of light worm tackle woiked with an
exceedingly small float and a single shot. This is cast

out here and there in rippling streams, the angler striking

at the slightest bite. A method which is gradually dying
out is the so-called grasshopper, a good-sized hook
weighted with lead and the shank bound round with
green silk, a straw placed on each side of the bend of the

hook, and the point covered with gentles. This arrange-

ment is worked with a sink-and-draw motion, and can
hardly be termed a sportsmanlike method, for the grayling

is a very sport-giving fish.

Pike, or jack (Esox ludm) are usually fished for with a
dead or live bait, according to the season of the year and
the condition of the water. When the weeds

• fiiJkc
are down, or at any time in such places as weir-

pools, a live bait on float tackle is a deadly method, pro-

vided the bait can be made to travel, and be brought
under the observation of a number of fish. For very

small baits a single hook is used, placed through the lip

of the bait. For those of medium size, two triangles,

placed within about an inch and a half of each other, are

preferred. The hook of the upper of these is caught in the

back fin of the bait, while the hook of the lower triangle,

usually made small for the purpose, and sometimes
reversed, is affixed to the bait near the shoulder. This

is commonly known as the Jardine tackle. For larger

baits the Bickerdyke tackle is one of the best made.
This is saddle-back in character, arming both sides of the

bait. A single hook is stuck through the back fin and
whipped on to the two links of gimp bearing the side

hooks, where they join. One of these side triangles

hangs down loosely under the back fin, while the other,

which is on a longer piece of gimp, is brought up to the

shoulder of the bait and held there by means of a reversed

hook. Thus, when a pike is struck the tackle is usually

pulled away from the bait into the fish’s mouth. Live

baiting with gorge tackle is quite out of date, snap tackles

of the kind described having proved far more effective.

Paternostering is another method of pike fishing with

live bait much favoured by modern anglers. The pike

paternoster consists simply of a two-yard length of stout

gut, at the end of which is a half-ounce weight, bullet- or

pear-shaped. About two feet from the weight a loop is

tied in the gut, and to this is looped a short length of

gimp which bears the hook. A long, rather light bamboo
rod should be used for swinging out this tackle. The
angler fishes entirely by feel

;
drops his bait in likely

places, and, on getting a run, should strike without delay.

Spinning is regarded as one of the most sportsmanlike

methods of taking pike, and, particularly in lakes, is one

of the most successful. The best method of mounting the

bait is either on a Bromley-Pennell flight or a Chapman
spinner, and the bait may be a small dace, gudgeon, bleak,

or sprat, while in very fine, low water a big minnow will

sometimes be successful when larger baits fail. Artificial

pike baits are legion, but the spoon and phantom still

hold their place among the best of them. It is extremely

important to have a properly constructed salmon -gut

trace, the lead being hung a little below the level of the

gut, so that no twisting takes place above it. Immediately

below the lead should be a pair of brass swivels, and

absolutely none others are required. Such traces axe not

always kept by tackle dealers, so that the angler frequently

has to make them up for himself. The line should be just

strong enough to hold the biggest pike likely to be caught,

and stouter where many weeds are present than in open

water. The rod should be rather stiff, the rings large,

and the reel of the Nottingham type with an optional

I

check. With this reel the pike spinner can cast in the

I

Nottingham fashion, or, if he prefers it, in the old-

S. L— 57
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fasMoned way wMcli is still practised on the Thames and

many other rivers. The bait should be spun slowly, and

always as near the haunts of the fish as possible, care

being taken to spin it deep enough. In big lakes it is

usually trailed behind a boat, just in the way that big

trout are fished for. Trolling with the dead gorge bait is

prohibited on most waters where pike are preserved, as all

fish, little and big, caught by this cruel method are

destroyed; but a snap-trolling tackle has been devised

which gives very good results. It hooks the fish

immediately it seizes it. A leaded spike is forced into

the bait from head to tail. At the end of the spike is an

eye which projects just beyond the tail, and through this

the gimp of the hook is threaded, and two triangles lie

alongside the bait. The arrangement is shot quickly

down into holes between weeds and worked once or twice

with a rather sharp sink-and-draw motion. Pike flies are

not much used, except in some of the Irish lakes, but pike

take them readily enough on those days when they are

feeding close to the surface. The haunts of pike, it may
be mentioned, are in running water at the beginning of

the season, while as the year advances they get into the

deeps, hiding away among rushes, reeds, and weed-beds,

ever ready to pounce out on any passing fish. In the

winter they lie in quieter waters, particularly in eddies ;

but it maybe taken as a pike-fishing maxim that wherever

small fish abound, there will the pike be found.

Except for the fact that tackle has been much improved,

our knowledge and methods of capturing coarse-fish by

The minor is commonly known as bottom-fishing have
coarse- not much advanced during the past half-century;
fish, if one fact concerning these fish has become
more strongly emphasized than others, it is that to make
a handsome creel of barbel (Barbus vvlgaris), tench (Tinoa

vulgaris\ bream(Ahramis hrama), or carp (Cyprinus coi/rpid)^

it is necessary to ground-bait very heavily in advance of the

day’s sport. The best ground-bait consists of worms, and
the best worms come from Nottingham. There seems
something peculiar about the soil of that locality which
makes the worms specially attractive to the fish. When
fishing a baited hole it is good policy to allow the worm
and the shot of the float-tackle to lie on the bottom, or a
very light leger may be used with or without a float.

Worms nowadays are not usually crowded on to a hook,
but quite a small hook is used which is merely caught in
the tail, head, or middle of the worm. The bait is thus
rendered much more attractive than it would otherwise
be, and the fish care little for the visible hook. Success
very largely depends on keeping quiet, and, so far as
possible, out of sight of the fish. Chub (Lmdscus
ceph/dui) may be fished for in many ways; but the
Nottingham method, by means of which float-tackle is

let down to a swim perhaps 20 yards distant, is one of
the most deadly, and has become a great favourite with
the modern angler. The line used is exceedingly fine, and
the operation a very artistic one. The chub, as is well
known, also rises to a fly, and may be caught by various
baits, such as frogs, slugs, gentles, cockchafers, <kc., cast under
the boughs by means of a powerful fly-rod. In fishing for
TOd,(Ai(Lmcisms therehasbeen practicallynoadvance
in our knowledge of late years. Tackle-makers provide
us with finer gut and better hooks, while the roach bite as
shyly as ever. For dace (Leuciscus vulgaris), however,
and sometimes for roach, it has become quite a common
practice in some of the larger rivers to rake the bottom
behind the punt before commencing to fish. This not
only thickens the water slightly, which usually brings fish

up into the swim, but also dislodges a quantity of minute
fish food which serves as a natural ground-bait. Dace, it

has been found, rise well to the dry fly, when rising at all,

OLA
and may be caught on an absolutely placid surface by this

method when the wet fly is useless. (See also Sea-
fishing.)
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Angola the general name of the Portuguese pos-

sessions on the west coast of Africa lying south of the

equator, and embracing Angola proper, which stretches

from the month of the Congo to the mouth of the

Cunene, and the enclave of Cabinda, immediately north of

the Congo. Its boundaries are :—On the N., French
Congo and the Congo Free State

;
on the E., the latter and

British South Africa
;
on the S., German South-West Africa;

and on the W., the Atlantic. Area, 484,370 square miles

;

population, estimated at 4,200,000. It embraces part or

whole of the basins of the Congo, Kwanza, and Cunene
(flowing west), and of the Kubango and Zambezi (flowing

east). Of these streams the Congo and Kwanza alone

are navigable at their mouths. The coast-line, partly low,

partly broken by rocky promontories, possesses the ports

of Loanda, Lobito, Benguela, Mossamedes, Porto Alexandre,

and Bahia dos Tigres. There are various mountain
chains and tablelands running generally parallel to the

coast, as Tala Mugongo (4400 feet), Chella and Viss^cua

(5250 to 6500 feet). In the region of Bailundo are the

highest points of the province, viz., Lovili (7780 feet), in
12** 5' S. lat., and Mt. Elonga (7550 feet). South of the

Kwanza is the volcanic Mt. Caculo-Cabaza (3300 feet).

With the exception of the district of Mossamedes, the coast

distiicts (the palm country) are imsuited to Euxo]>eans. On the
interior plateau, above 3300 feet, the temperature and rainfall,

together with malaria, decrease southwards as far as the lower
course of the Cunene. The mean annual temperature at Sao
Salvador do Congo is 72° '5 Fahr.

;
at Loanda, 74°

'3 ;
and at

Caconda, 67®‘2. The climate is greatly influenced by the prevailing

winds, which aie west, south-west, and S.S.W. Two seasons

are distinguished—the cool, from June to September ;
and the

rainy, from October to May. The heaviest rainfall occurs in

April, and is accompanied by violent storms. The minerals
comprise copper at Bembe, on the M*Brije and the Cuvo

;
iron, at

Ociras (on the Jmcalla) and in Bailundo
;
petroleum in Dande

and Quinzao
;
gold iu Lombije and Cassinga

;
and mineral salt at

Quissama. Behind a region of intermingled gi’a^sy plains and
palms (especially the Guinea palm, Elc&is guineensis) follows a
region of savannahs proper and low hills with scanty vegetation.

In the bouth this latter region merges into a ban*en sandy desert,

with JVelwitsehia mirabilis and Bauhinia. Amongst the culti-

vated products are the sugar-cane, cotton tree, cofiee, and tobacco ;

and the expoits include coffee, india-rubber, wax, vegetable oils,

cocoa-nuts, brandy, cotton, and ivory. In 1896 the coffee crop
weighed 4907 tons, and was valued at £329,550, as compared with
1142 tons in 1870 ;

and in the same year the india-rubber crop
weighed 2245 tons, valued at £525,560. The yield of wax was
valued at £68,450. Industry is not greatly developed

; but
distilling, and the manufacture of tobacco, bricks, and tiles, and
cottons, and the salting of fish, are carried on. In 1896 the
exports reached a total value of £1,025,100 ;

and to this must be
added £222,250, as the annual average exportation of the Congo
district, or in all £1,247,350. In the same year the imports
totalled £766,700, the principal item being textiles (£368,900, of
which £174,900, or nearly one-half, came from Lisbon). In 1899
the exports reached £1,768, 554, and the imports totalled £1,536,049.
The total commerce ofthe province has nearly quadrupled since 1870,
i.e., it has increased from £827,800 (1870) to £3,304,603 (1899).

In 1897 the ports of the province were entered and cleared by an
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aggregate of 8384 vessels of 1,123,289 tons. There is a railway
from Loanda to Ambaca

; including this line, and others building,
the province possesses 200 miles of railway. There are 670 miles of

.. telegraphs. The native population consists of Bushmen, Jagas
or laccas (Hangala), and Bantus. The province is divided into
five districts—Congo, Loanda, Benguela, Mossamedes, and Lunda.
The province, the capital of which is Loanda (or Luanda), is
administered by a governor-general. It fotms a bishopric of the
eoclesjastical province of Lisbon.

See E DE Vasconcellos. As Colonias Portuauesas. Lisbon.
1896-97. (e. DEV.)

Ang'orai (1) a Turkish vilayet in north-central Asia
Minor, which includes most of the ancient Galatia. It is

an agricultural country, depending for its prosperity on its

grain and the mohair obtained from the Angora goats

—

average annual clip 3,300,000 Tb. The only important
industry is carpet - weaving at Kir-shehr and Kaisarieh.
There are mines of silver, copper, lignite, and salt, and
many hot springs, including some of great repute medi-
cinally, Average annual exports, 1896-98, £920,762 ; im-
ports, £41 1,836. Population, 900,000 (Moslems, 765,000

;

Christians, 135,000). (2) The chief town of the vUdyet,
classical Ancyra, Turkish Bnguri^ situated on the left bank
of the Enguri Su, a tributary of the Sakaria, on the slopes

of a rocky hill which rises 500 feet above the plain, and is

crowned by the ruins of the old citadel.

Christianity was probably introduced at an early date, but there
is no evidence that the Ancyian church was founded by St Paul,
or that he ever visited North Galatia. The town was captured by
the Persians, the Arabs, the Seljfik Turks, and the Crusaders before
it passed to the Osmanli Turks. In 1832 it w'as taken by the
Egyptians. Angora is connected with Constantinople by railway,
and exports mohair, grain, and yellow berries. Mohan cloth is

manufactured, and the town is noted for its honey and fiuit. Fiom
1639 to 1768 there was an agency of the Levant Company at

Angora, and there is now a British consul. Population, 30,000
(Moslems, 18,000 ; Christians, chiefly Eoman Catholic Armenians,
11,600 ; Jews, 600). (c. W. W.)

AngfOStura. See Ciudad Bolivar.

Ang^OUlSmCi chief town of the department of

Charente, France, 277 miles S.S.W. of Paris, on the rail-

way from Paris to Bordeaux. Seven suburbs surround the

town—Honmeau, Saint Ausonne, St Martin, St Cybard, la

Bussatte, les B4ziers, and St Eoch. In addition to other

industries it has manufactures of boots and shoes and
gloves, wire drawing and rolling mills, and copper founding.

Great commerce is carried on in wine, brandy, and paper,

and the “pierres d'Angoul^me” quarried in the neigh-

bourhood. Population (1881), 25,7-50 j (1891), 28,515;

(1896), 30,616; (1901), 37,650.

Anguilla.| or Snake, a small island now included

in the Presidency of St Kitts-Nevis in the British colony

of the Leeward Islands. The destruction of trees by
charcoal-burners has resulted in the almost complete de-

forestation of the island. Nearly all the land is in the

hands of peasant proprietors, who cultivate sweet potatoes,

peas, beans, corn, &c., and rear sheep and goats. Salt is

still exported. The population in 1891 amounted to 3699

(123 white, 757 coloured, 2819 negroes).

Anha,lt, a duchy of Germany, situated on the Elbe

and Saale, and almost surrounded by the Prussian province

of Saxony. Agriculture supports some 71,170 of the

population, t.e., 24 per cent, of the whole. The principal

crops grown are beetroot (for sugar) and potatoes
;
then

come hay, rye, barley, wheat, oats, and tobacco. In 1897
there were in the duchy 18,515 horses, 67,100 cattle,

90,815 pigs, and 91,815 sheep. In 1895, out of a total

of 32,280 farms, no less than 22,192, or 68‘7 per cent.,

were less than 2|- acres in area, 7530 between 2| and 25

acres, 2393 between 25 and 250 acres, and only 165
more than 250 acres. In 1898-99 the sugar refineries

produced 83,718 tons of sugar, the breweries 10,472,000
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gallons of beer, and the distilleries (1897) 763,000
gallons of pure alcohol. In 1897 the mines produced
1,219,704 tons of lignite, valued at £169,500; 208,664
tons of coal, valued at £42,350; and 44,712 tons of
chloride of potassium, valued at £339,100. The popu-
lation was 232,592 in 1880, 271,963 in 1890, and
316,085 in 1900, of whom 155,185 Tvere males and
160,900 females. All the population, except (1895) 8639
Eoman Catholics and 1611 Jews, were members of the
Eeformed church. In the period 1891-98 inclusive, 101
persons on an average emigrated every year. In the year
1900-1901 the revenue and expenditure balanced at

£1,384,823. The public debt amounted in 1899 to

£9375, and the state contribution to the empire in 1900
to £127,710.

Ani, an Armenian city of importance in the Middle
Ages, now in Eussian territory, situated between the Arpa
Chai, HarpamSy and a deep ravine. In the 9th century it

became the capital of the Bagratid kings of Armenia, and
when yielded to the Byzantine emperor, 1046, it was a
populous city. Soon afterwards it was taken by the Seljdk
Turks, and its ruin was completed by the Mongols in the

13th century. Its remains are of great interest, especially

those of its churches, which throw much light on the Church
architecture of Armenia.

Aniches, an industrial town of France, department
of Nord, in the arrondissement of Douai, 12 miles S. by
E. of Lille, on railway from Cambrai to Valenciennes. It

has rich coal mines and is the seat of one of the most
important glass-works in France. Population (1881),
4967; (1891) 6296; (1896) 6437, (comm.) 6924.

Animal Heat. See Puysiology.

Anjer, formerly a seaport town on the strait of

Sunda, Java, 60 miles W. of Batavia. It was destroyed

by the inundation caused by the eruption of Krakatao in

August 1883. The telegraph cable between Java and
Sumatra terminates at Anjer Kidoel, or New Anjer, 3

miles south of the old site.

Anklam, a town of Prussia, province Pomerania,

near the mouth of the river Peene, 53 miles N.W. from
Stettin by the railway to Stralsund. The church of St.

Mary (12th century) has a new tower 335 ft, high. There
is here a military school. The industries consist of iron-

foundries and factories for sugar and soap. Population

(1885), 12,786; (1895), 13,560; (1900), 14,602.

Ankober. See Abyssinia.

Anna.berg^i a town of Germany, Saxony, 6 miles

from the frontier of Bohemia, 18J miles S. by E. of

Chemnitz by rail. It has an industrial female school,

besides schools for lace, agriculture, commerce, and music.

The mining industry has greatly declined. Population

(1890), 14,960
; (1900), 15,957.

Annam. See Tongking, Cochin-China, and
Indo-China.

Annarii a royal and parliamentary burgh (Dumfries

group), and port of Dumfriesshire, Scotland, standing on the

east bank of the river Annan, 93J miles S.S.E. of Glasgow

by rail. A harbour trust was constituted in 1897, and

the harbour accommodation has been improved. The town

hall has been rebuilt. Among the industries are sandstone

quarrying, cotton manufacture, distilling, boat-building,

and nursery gardening. Large marine engineering works

have been established in the vicinity. Population of

town in 1891, 4860; in 1901, 6804.

Annapolis, a city and seaport of Maryland, U.S.A,,
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the capital of the state and of Anne Arundel county. It is

connected by rail with Washington and Baltimore. The

U.S. Kaval Academy buildings were being rebuilt in 1901,

the improvements consisting of cadets’ quarters, armoury,

boat - house, and a new sea - wall, the whole estimated

to cost $8,000,000, the sum authorized by Congress. In

1900 there were 280 cadets at the Academy. Population

(1880), 6642 j (1890), 7604; (1900), 8402.

Ann Arbor, a city of Michigan, U.S.A., the capital

of Washtenaw county. It is situated in the south-eastern

part of the lower peninsula, at an altitude of 771 feet. It

is divided into six wards, and is entered by two railways,

the Ann Arbor and the Michigan Central. It is a

university town, with little in the way of manufactures

or commerce. Population (1880), 8061; (1890), 9431 ;

(1900), 14,509.

Annocy, chief town of the department of Haute

Savoie, France, 401 miles S.E. of Paris, on railway from

Aix-les-Bains to Geneva, situated at the north end of Lake

Annecy, partly on small islands formed by three canals

known as the Thioux, Its library, noteworthy as being

the oldest in Savoie, contains 12,000 volumes, and there

is a fine public garden with a statue of Berthollet, a

native of this place. Its manufactures, less important

than formerly, include paper and felt hats. Population

(1881), 9144; (1896), 9436 (comm,), 10,009; (1901),

13,611.

Annelida, is a term now seldom used in modern
zoology. In 1875, when the article under that name
appeared in the ninth edition of this work^ it represented

a class of organisms of which even at that date our know-
ledge had so far advanced as to make it impracticable to

give a satisfactorily sharp-cut definition of the term. It

then included the following orders :

—

i. PoLYCH-®TA (marine worms).

ii. OligochJJTA (land and fresh-water worms).

iii. Onychophora (Peripatus).

iv. Discophora (leeches),

V, Gephyrea,

These have now been redistributed, and the following

table represents a widely accepted view of their classifica-

tion, and also shows the headings under which reference

will be found in the Emy, Brit, (ninth edition or Supple-
ment) :

—

Classes and Orders. Articles.

i. Ch^etopoda

—

a. Polychseta.

&. Archiannehda. - Worm.
c. Myzostomida.
d. Ohgochseta.

ii. Eohiuroidea=Gephteea \
AEMATA. /

EcHITTfiOIDBA.

iii. Hirui)inea=Discophora. Leech.
iv. SiPUNCULOiDEA 1 Gephyrea I ,

v. Priapuloidea J inermia. /
vi. Onychophora=Protracheata. Peripatus.

The first three of these six classes have heen shown on
anatomical and embryological grounds to have consider-
able affinity to one another, and are generally admitted to
have been derived from a common ancestor of marine
habit and chaetopodan type—chaetopodan in its segmenta-
tion, in the possession of a true excretory coelom and of
setae (chaetae) formed in ectodermal sacs, and in certain
defimte characters of the nervous and circulatory systems.
The second two groups, which are now placed apart from
the Echiuroidea, with which they were formerly united
as Gephyrea, may prove to be less closely allied to one
another

;
the affinities of Sipunculoidea are perhaps

to be sought with Phoronis and the Hemichorda. As
to the position of Peripatus in the animal kingdom, in

spite of most complete studies of the anatomy and embryo-

logy of numerous species, no general agreement can be

said to have been reached by zoologists
;

its affinities seem

to point on the one hand to a chaetopodan origin, on the

other to relationship with Tracheata (see Arthropoba,
Peripatus).

Anniston^ a city of Calhoun county, Alabama,

U.S.A., situated in 33 39' N. lat. and 85“ 50' W. long.,

at an altitude of 693 feet. For a time it grew rapidly as

a centre of iron manufacture, in which it is favoured by
having ore, coal, and limestone in close proximity. It has

several blast furnaces and rolling mills, besides numer-

ous other establishments for the manufacture of iron and
steel. It has two railways, the Southern and the Louis-

ville and Na&hville. Population (1880), 942; (1890),

9998; (1900), 9695.

Annuities, Terminable (British Govern-
ment).—Terminable Annuities were introduced into, and
have been employed in, the system of British public

finance as a means of reducing the National Debt. This

result is attained by substituting for a perpetual annual

charge (or one lasting until the capital which it represents

can be paid off m hloc\ an annual charge of a larger

amount, but lasting for a shorter term. The latter is so

calculated as to pay off, during its existence, the capital

which it replaces, with interest at an assumed or agreed

rate, and under specified conditions. The theoretical bases

of such calculations are explained in the article “Annuities”
in the ninth edition of this work. The practical effect of

the substitution of a terminable annuity for an obligation

of longer currency is to bind the present generation of

citizens to increase its own obligations in the present and
near future in order to diminish those of its successors.

This end might be attained in other ways
;
for instance,

by setting aside out of revenue a fixed annual sum for the

purchase and cancellation of debt (Pitt’s method, in inten-

tion), or by fixing the annual debt charge at a figure

sufficient to provide a margin for reduction of the principal

of the debt beyond the amount required for interest (Sir

Stafford Northcote’s method), or by providing an annual
surplus of revenue over expenditure (the “ old Sinking
Fund”), available for the same purpose. All these

methods have been tried in the course of British financial

history, and the second and third of them are still em-
ployed

;
but on the whole the method of terminable

annuities has been the one preferred by Chancellors of

the Exchequer and by Parliament.

Terminable annuities, as employed by the British

Government, fall under tw^o heads :—(a) Those issued to,

or held by private persons
;

{h) those held by Govern-

ment departments, or by funds under Government control.

The important difference between these two classes is that

an annuity under (a), once created, cannot be modified

except with the holder’s consent, i e. is practically unalter-

able without a breach of public faith ; whereas an annuity

under (6) can, if necessary, be altered by inter-departmental

arrangement under the authority of Parliament. Thus
annuities of class (a) fulfil most perfectly the object of the

system as explained above
;
while those of class (6) have

the advantage that in times of emergency their operation

can be suspended without any inconvenience or breach of

faith, with the result that the resources of Government
can on such occasions be materially increased, apart from
any additional taxation. For this purpose it is only

necessary to retain as a charge on the income of the year

a sum equal to the (smaller) perpetual charge which was
originally replaced by the (larger) terminable charge,

whereupon the difference between the two amounts is

temporarily released, while ultimately the increased charge
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is extended for a period equal to that for which it is

suspended. The terminable annuities of class (&) were
dealt with in this manner in 1885-86 and in 1900-1901.

Annuities of class (a) were first instituted in 1808, but
are at present mainly regulated by an Act of 1829. They
may be granted either for a specified life, or two lives, or
for an arbitrary term of years

,
and the consideration for

them may take the form either of cash or of Government
stock, the latter being cancelled when the annuity is set

up. The total amount of permanent debt cancelled by
these means from 1808 to 31st March 1890 was about
77|- millions: the charge on the Exchequer for such
annuities in the year 1898-99 was £1,284,000; the
amount of stock and cash applied in the same year to
the purchase of fresh annuities was £1,119,000; and the
annuities issued are valued at about ten years’ purchase.
These figures consist almost wholly of annuities for lives.

It may be inferred from the published returns that the
net reduction of debt since 1890 by this channel has
amounted on the average to nearly £900,000 a year, so

that the total reduction of debt by this means, up to

1900, must have been about 86 millions.

Annuities (6) held by Government departments date
from 1863. They have been created in exchange for

permanent debt surrendered for cancellation, the principal

operations having been effected in 1863, 1867, 1870,
1874, 1883, and 1899. The amount so cancelled up to

1883 inclusive was £118,242,000, and as the capital

value of the terminable annuities of this class outstanding

on 31st March 1899 was £22,765,000, it may be con-

cluded that nearly 100 millions of permanent debt will

have been extinguished by this method at the end of the

century. The amount of permanent debt cancelled and
converted into terminable annuities in 1899 was twenty-
eight millions.

Annuities of this class (6) do not affect the public at all,

except of course in their effect on the market for Govern-
ment securities. They are merely financial operations

between the Government, in its capacity as the banker of

savings banks and other funds, and itself, in the capacity

of custodian of the national finances. Savings bank
depositors are not concerned with the manner in which
Government invests their money, their rights being con-

fined to the receipt of interest and the repayment of

deposits upon specified conditions. The case is, however,

different as regards forty millions of consols (included in

the above figures), belonging to suitors in Chancery, which
were cancelled and replaced by a terminable annuity in

1883. As the liability to the suitors in that case was for

a specified amount of stock, special arrangements were

made to ensure the ultimate replacement of the precise

amount of stock cancelled.

Altogether, therefore, it appears that during the 19th

century over two hundred millions of the permanent

national debt of the United Kingdom were cancelled or put

in course of cancellation by means of terminable annuities.

See Report of the Proceedings of the Commissionersfor the Reduc-

tion of the Maiional Debtj 1891, Parliamentary Paper, C. 6539.

(S. B. S.-E.)

Ansbach, a town of Bavaria, Germany, district

Middle Franconia, 27 miles by rail S.W. from Nurem-
berg. There are a new municipal museum and a special

technical school Ansbach possesses monuments to the

native poets Platen and Uz, and to Caspar Hauser, the

“wild boy,” who died here in 1833. Population (1885),

13,935; (1895), 15,883; (1900), 17,555.

Anson ia, a town and city of New Haven county,

Connecticut, U.S.A. It is situated on the Naugatuck,

iust above its junction with the Housatonic, in the

southern part of the state, 12 miles north-west of New
Haven. It is divided into five wards, and its plan is

quite irregular. The New York, New Haven, and Hart-
ford Hailway furnishes communication. Its manufactures,
depending on the river for water-power, are chiefly in

brass and iron. Its clocks have long been well known.
Population (1890), 10,342; (1900), 12,681.

Anstruther, Easter and Wester, a fishing

town and railway station of Fifeshire, Scotland, in the St

Andrews group of parliamentary burghs, 9 miles S.S.E. of

St Andrews. The harbour was completed in 1877 at a
cost of over £80,000. An endowed higher -class school

was opened in 1886. Pojpulation, 2000.

AntalO. See Abyssinia.

Antananarivo, the capital of Madagascar, situ-

ated centrally as regards the length of the island, but
only about 90 miles distant from the eastern coast, in
18“ 55' S. lat. and 47“ 31' E. long. The city occupies a
commanding position, being chiefly built on the summit
and slopes of a long and narrow rocky ridge, which extends
north and south for about two and a half miles, and rises

at its highest point to nearly 700 feet above the extensive

rice-plain to the west, which is itself 4000 feet above sea-

level. For long only the principal village of the Hova
chiefs, Antananarivo advanced in importance as those

chiefs made themselves sovereigns of Madagascar until it

became a town of some 80,000 inhabitants. Until 1869
all buildings within the city proper were of wood or rush,

but even then it possessed several timber palaces of con-

siderable size, the largest being 120 feet high. Since the

introduction of stone and brick for building, the whole
city has been rebuilt, and it now contains numerous
structures of some architectural pretensions, the royal

palaces, the houses of the prime minister and nobles, the
French residency, the Anglican and Roman Catholic

cathedrals, several stone churches (as well as others of

brick), colleges, schools, hospitals, courts of justice and
other Government buildings, and hundreds of good dwell-

ing-houses. Since the French conquest in 1895 good
roads have been constructed throughout the city, and
the central space, called “Andohalo,” has become a
handsome place, with walks and terraces, flower-beds,

and trees. Water is obtained from several springs at the

foot of the hill, but the supply is scanty. The popula-

tion is now about 60,000, but varies somewhat at different

periods. The city is guarded by two forts built on hills

to the east and south-west respectively (j. si *)

Antarctic. See Polar Regions.

Antelope.—Our knowledge of the group of rumi-

nants, commonly known as antelopes, has greatly in-

creased of late years, and a new treatment of the subject

is now necessary. There is some uncertainty as to the

origin of the name, but it is not improbably derived from
Pantholops, the old Coptic term for the unicorn. It

properly denotes the Indian black buck, which alone con-

stitutes the genus Antilope, with the title of A. cervicapra,

but the term has been extended to embrace a very large

group of hoUow-horned ruminants, or Bavidm, which do

not come under the designation of oxen, sheep, or goats

—the prong-buck of America {Antilocapra aTnerimifia)

being, however, excluded, and forming a family by itself.

The group, which scarcely admits of exact definition, is

divided into several subfamilies, the majority of which are

restricted to Africa (or Africa and Arabia), where more

than one hundred different species are known to exist.

The first subfamily {BuhahTUje) includes the hartebeests (JSuhalis

and JDamaliscus) and the gnus or wildebeests {Connochcetes), all of

which are large antelopes confined to Africa, with the exception of
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one Arabian species. The typical liartebeests {Buhalis) are short-

haired animals, with high withers, long faces, and sharply bent

ridged horns, but in the blesbok and its allies {Da/nictlisciLs) the

last three features are less marked. Heavy heads, smooth horns,

long manes, and horse-like tails sufficiently characterize the gnus.

The second subfamily, or CephalophirK^, includes small or medium-

sized species, represented only by the duikers or “ divers " {Cepha-

lophus) of Africa, and the four -horned antelope {Tetraceros) of

India. All have naked muzzles, elongated face-glands or tear-

pits, false hoofs, and four mammse, but there are no hair-tufts at

the knees. The short and upright horns are generally present in

both sexes. A third group, Oreotragince, exclusively African,
^

is

represented by a number of small forms, such as the tiny dik-

diks {Madogua), oribis ifirihia), sunis {Nesotragus\ steinhoks

{R}iaphiceros)y and the active klipspringer \Ortotragns). Of much
larger size are the African water-bucks and kobs {Cohus) and rced-

bucks (p&rvicapra), which constitute the subfamily CemcapriTioR,

and include some of the handsomest of all antelopes, among them
being the black Cohus maria and G. Imcotis of the swamps of the

White Nile. The muzzle is naked and the females are hornless.

The Yaal rhebok (Pelea) likewise belongs to this group. In the

typical subfamily or Antilopinos^ in which the females are also

generally without horns, are included the Indian black buck
{Antilope), the graceful African pala {JEpyceros), the puffy-nosed

saiga {Sa%ga) of Central Asia, the long-horned chiru {Pantholops)

of Tibet, the South African spring-buck {Antidorcas), the numer-

ous and widely-spread group of gazelles {Gazella), and the dibatag

{Ammodorcas), the long-necked gereuuk {lAthocranius), and the

tiny beira {Lorootragus) of Somaliland and East Africa. Widely

different from all the foregoing is the African group of JSippotra-

gince, all the members of which are of large size and have long
hoi ns in both sexes. Among these are the sable and the roan
antelope {Hippotragus), with sabre-like horns, the straight-horned
gemsbok and beisa {Oryx), and the long-haiied and s])iral-horned
addax of the Sahara. The last group of what may be termed true

antelopes is the Tragelaphince, in which the size is mostly large,

and the spirally twisted horns are, excepting in the elands,

restricted to the males. The sole non-African representative of
the group is the Indian nilgai {Bosclaphus), in which the horns
are much shorter than in the rest. The African forms include the
beautiful bush -bucks or harnessed antelopes (Tragelaphus), in

which the females are often more brightly coloured than the males,
the striped kudus (Strepsiceros), and the elands [Taurotragus),

which are the largest of all antelopes. The remaining group
(Rupicaprince), which indicates a transition towaids the goats, is

represented by the chamois {Rvpicapra) of the mountains of

Southern Europe, the goials [Urotragus) and sorows {Nemorheedus)
of Eastern Asia, the takin {Bvdorcas) of the Mishmi Hills and
Tibet, and the so-called Rocky Mountain goat {Oreamnus) of North
America, which is the sole transatlantic representative of the
antelopes, if indeed it he entitled to be called an antelope at

all. (r. l.*)

Antequera.! a city of Spain, province of Malaga,

28 miles N. of Malaga. Since 1890 a thriving industry

has been created by beetroot and cane-sugar factories, em-
ploying several thousand hands. Population, 24,387.

ANTHOZOA.
Although corals have been familiar objects since

|

the days of antiquity, and the variety known as the

precious red coral has been for a long time an article of com-
merce in the Mediterranean, it was only in the 18th century

that their true nature and structure came to be understood.

By the ancients and the earlier naturalists of the Chris-

tian era they were regarded either as petrifactions or as

plants, and many supposed that they occupied a position

midway between minerals and plants. The discovery of

the animal nature of red coral is duo to J. A. de Peyssonel,

a native of Marseilles, who obtained living specimens

from the coral fishers on the coast of Barbary and kept

them alive in aquaria. He was thus able to see that the

so-called “ flowers of coral ’’ were in fact nothing else than
minute polyps resembling sea-anemones. His discovery,

made in 1727, was rejected by the Academy of Sciences

of France, but eventually found acceptance at the hands
of the Royal Society of London, and was published by
that body in 1751. The structure and classification of

polyps, however, were at that time very imperfectly under-

stood, and it was fully a century before the true ana-
tomical characters and systematic position of corals were
placed on a secure basis.

The hard calcareous substance to which the name coral

is applied is the supporting skeleton of certain members
of the Anthozoa, one of the classes of the phylum Coelen-

tera. The most familiar Anthozoan is the common sea-

anemone, Actinia eguina, L., and it will serve, although
it does not form a skeleton or corallwm, as a good example
of * the structure of a typical Anthozoan polyp or zooid.

The individual animal or zooid of Actinia equina has the
form of a column fixed by one extremity, called the base,

to a rock or other object, and bearing at the opposite
extremity a crown of tentacles. The tentacles surround an
area known as the peristome, in the middle of which there
is an elongated mouth-opening surrounded by tumid lips.

The mouth does not open directly into the general cavity
of the body, as is^ the case in a hydrozoan polyp, but into
a short tube called the stom>domm,, which in its turn opens
below into the general body-cavity or coelenteron. In
Actinia and its allies, and most generally, though not
iuTariably, in Anthozoa, the stomodseum is not circular,

but is compressed from side to side so as to be oval or slit-

like in transverse section. At each end of the oval there

is a groove lined by specially long vibratile cilia. These
grooves are known as the sulcus and sulculus, and will be
more* particularly described hereafter. The elongation of

the mouth and stomodseum confer a bilateral symmetry
on the body of the zooid, which is extended to other

organs of the body. In Actinia, as in all Anthozoan
zooids, the coelen-

teron is not a
simple cavity, as in

a Hydroid, but is

divided by a num-
ber of radial folds

or curtains of soft

tissue into a corre-

sponding number
of radial chambers.

These radial folds

are known as me-
senteries, and their

position and rela-

tions may be
understood by re-

fprpni'A Trifrci 1 Fio. 1.—Diagrammatic longitudinal section of an
_ ^

Anthozoan zooid. m, mesentery ; t, tentacles

;

and 2. Lach me- st, stomodseum ; sc, sulcus ;
r, Rotteken’s muscle ;

sentery is attached

by its upper mar-
gin to the peristome, by its outer margin to the body-
wall, and by its lower margin to the basal disc. A certain

number of mesenteries, known as complete mesenteries, are

attached by the upper parts of their internal margins to

the stomodseum, but below this level their edges hang free

in the coelenteron. Other mesenteries, called incomplete,

are not attached to the stomodseum, and their internal

margins are free from the peristome to the basal disc.

The lower part of the free edge of every mesentery,
whether complete or incomplete, is thrown into numerous
puckers or folds, and is furnished with a glandular

thickening known as a mesenterial Jilameoit, The repro-

ductive organs or gonads are borne on the mesenteries,

the germinal cells being derived from the inner layer

or endoderm.

Jn common with all Coelenterate animals, ,the walls of
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the columnar body and also the tentacles and peristome
of Actinia are composed of three layers of tissue. The
external layer, or ectoderm^ is made up of cells, and con-
tains also muscular and nervous elements. The pre-
ponderating elements of the ectodermic layer are elongated
columnar cells, each containing a nucleus, and bearing

1

11 1\
their free

i MMllJiM \

extremities. Packed

1
among these are

M i 0 gland cells^ sense cells^

\ m cnidoblasts. The

I rWfwM ® last-named are speci-

J \|f/\w numerous on the

m \\ 1( ( \ M tentacles and on some

I \i 1 n \
other regions of the

I \ V\ \ I
body, and produce the

^
\ \\ A / well-known ‘thread

^ \ I \ r cells, or neniato-cgsts,

characteristic of

\
Coelentera. The

A I
inner layer or endo-

Ss X derm is also a cellular

and is chiefly

Y \ U made up of columnar

wi \ I W/ c
eo^ch bearing a

W
I I

W ® cilium at its free ex-

1 I ^1 tremity and termin-

ating internally in a
""**

13/
long muscular fibre. ‘

Fio. 2.—1, Portion of epitlielmm from the ten-
Cells^madeup of

tacle of an Actiman, showing three supporting epitneiiai and mUSCU-
colls and one sense ceU (so). 2, A cmdoblast ro-nTnnnpnfQ sirp
with enclosed neraatocyst fiom the same speci-

coinponentb, are
men. 3 and 4, Two forms of gland cell from known as epithelio-
the stomodmum. 5a, 56, Epithelio-muacular
cells from the tentacle in different states of muscuiar ceiiS. in
contraction. 6c, An epitheho -muscular cell ActinianS the eni-
from the endoderm, containing a symbiotic .it ^

zooxanthella. 6, A ganglion cell from the thellO -muSCUlar cells

rXXiI) of the endoderm are

crowded with yellow
spherical bodies, which are unicellular plants or Algae, living

symbioticallyin the tissues of the zooid. The endoderm con-

tains in addition

gland cells and
nervous ele-

ments. The
middle layer or

mesoglcea is not
originally a cel- ilf^nU oi-

lular layer, but
/If

'

a gelatinoid » |if ' asm
structureless /
substance, secre-

In the course of
Iffi /|

development, ^

derm and endo-
derm may mi-
grate into it. Fio. 3.—An expanded Alcyonarian zooid, showing the
Tt^ a ruouth surtounded by eight pinnate tentacles, st.AH

^

xicz%ma stomodseum in the centre of the transparent body;
eqWbTia the meso- wt> mesentenes ;

ostti
,

asulcar mesenteries ; B,

glcea consists of

fine fibres imbedded in a homogeneous matrix, and be-

tween the fibres are minute branched or spindle-shaped
cells. For further details of the structure of Actinians,

the» reader should consult the work of O. and R.
Hertwig (9).

The Anthozoa are divisible into two sub-classes, sharply
marked off from one another by definite anatomical char-

life-

acters. These are the Alcyonapia and the Zoantharia.
To the first-named belong the precious red coral and its

allies, the sea-fans or Gorgonise
;
to the second belong the

white or Madreporarian corals.

Alcyonaria.—lu this sub-class the zooid (Pig. 3) has very con-
stant anatomical characters, differing in some important respects
from the Actinian zooid, which has been taken as a type. There is

only one ciliated groove, the sulcus, in the stomodoeum. There
are always eight tentacles, which are hollow and fringed on their
sides, with hollow projections or piimte ; and always eight mesen-
teiies, all of which aie complete, i.e., inseited on the stomodseum.
The mesenteries are provided with well - developed longitudinal
retractor muscles, supported on longitudinal folds or plaits of tlie

mesoglcea, so that in cross-section they have a branched appear-
ance. These mvscle-lanners, as they are called, have a highly
characteristic arrangement ; they are all situated on those faces of
the mesenteries which look towards the sulcus (Fig. 4), Each
mesentery has a filament ; but tw o ofthem, namely, the pair farthest
from the sulcus, are longer than the rest, and have a diflereiit fonn
of filament. It has been shown that these asulcar filaments are
derived from the ectoderm, the remainder from the endoderm.
The only excej)tions to this structure are found in the airested or
modified zooids, which occur in many of the colonial Alcyonaria.
In these the tentacles are stunted or suppressed and the mesenteries
are ill-developed, but the sulcus is unusually large and has long
cilia. Such modified zooids aie called siphonozooids, their function
being to drive cuirents
of fluid through the
canal - systems of the
colonies to which they
belong. "With veiy few'

exceptions a calcareous
skeleton is jjresent in
all Alcyonaria

; it usu-
ally consists of spicules
of carbonate of lime,
each spicule being
formed within an ecto-

dermic cell (Fig. 3, B).
Most commonly the
spicule - forming cells

pass out of the ectoderm
and are imbedded in the
mesoglcea, where they
may remain separate
fromone another or may
befusedtogetherto form
a strong mass. In ad-
dition to the spicular
skeleton an organic

i

homy skeleton is fre-
^

—

Transverse section of an Alcyonarian
rtiTfl-n+lTT zooid. »3im, mesenteries; m6, muscle banners;
^.uently present, either s,,icus

; k, stomodccum.
'

in the form of a liorny
external investment (Oornularia), or an internal axis (Gorgonia)
or it may foim a matrix in w'hich spicules are imbedded (Keroeides.
Melitodes).

Nearly all the Alcyonaria are colonial. Four solitary species
have been described, viz., Baimea fii'nebris and H. JiyaliTiciy Hartea
elegans, and Monoxeniou Dourwinii; but it is doubtful whether these
are not the young forms of colonies. For the present the solitary
forms may be placed in a grade, Protalcyonacea ; and the colonial
forms may be grouped in another gi-ade, SyTialcyonacea, Every
Alcyonarian colony is developed by budding from a single parent
zooid. The buds are not direct outgrowths of the body-wall, but
are formed on the courses of hollow outgrowths of the base or
body-wall, called solenia. These form a more or less complicated
canal system, lined by endoderm, and communicating with the
^vities of the zooids. The most simple form of budding is found
in the genus Comularia, in which the mother zooid gives off from
its base one or more simple radiciform outgrowrths. Each out-
growth contains a single tube or solenium, and at a longer or
shorter distance from the mother zooid a daughter zooid is formed
as a bud. This gives off new outgrowths, and these, branching
and anastomosing with one another, may foim a network, adhering
to stones, corals, or other objects, from which zooids arise at intervals.

In Clavularia and its allies each outgrowth contains several solenia,

and the outgrowths may take the form of flat expansions, com-
posed of a number of solenial tubes felted together to form a
lamellar surface of attachment. Such outgrowths are called

stolooiSf and a stolon may be simple, i.c.^ contain only one solenium,
as in CornulaHa^ or may be complex and built up of many solenia,

as in Clavularia. Fm*ther complications arise w-hen the lower
walls of the mother zooid become thickened and interpeneti’uted

with solenia, from which buds are developed, so that lobose, tufted,

or branched colonies are formed. The chief orders of the Syn-
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aloyonaeea are founded upon tlie different arcliitectural features 1

of colonies produced by different modes of budding. We recognize

six orders—^the Stolonifeba, Alcyonacea, Pseudaxonia, Axi-

FEBA, Steleohotokea, and Ccenothecalia.

In the order Stoloxifeba the zooids spring at intervals from

branching or lamellar stolons, and are usually free from one another,

except at their bases, but in some cases hoiizontal solenia arising

at various heights from the body-wall may place the more distal

portions of the zooids in

communication with one
another. In the genus
Tuhipora these hori-

zontal solenia unite to

form a series of hori-

zontal platforms (Fig. 5).

The order comprises the
families Gornulariidoe,

SyringoporidfBy TuMpo-
ridos, and Favositidce.

In the first-named the
zooids are united only

by their bases and the

spSle" Tnthf
ridce the spicules of the
proximal part of the
body-wall are fused to-

gether to foim a firm

tube, the corallite, into

which the distal part of
the zooid can be re-

tracted. The corallites

are connected at inter-

Fio. 5.—A, Skeleton of a young colony of Tuli- vals by horizontal plat-

vora xturpurea. st, stolon; p, platform. B, forms containing solenia,
Diagrammatic longitudinal section of a coral- at the level of each
lite, showing two platforms, p, and simple 4.1^^
and cup-shaped tabulee, t. (After Hickson.) platform the cavity of

the corallite is divided

by a transverse calcareous partitio:q^ either fi^at or cup-shaped, called

a tabiUa. Formerly all corals in which tabulae are present were
classed together as Tabulata, but Tubipora is an undoubted Alcyo-
narian with a lamellar stolon, and the structure of the fossil genus
Syringopora, which has vertical corallites united by horizontal
solenia, clearly shows its affinity to Tubipora. The Favositidce, a
fossil family from the Silurian and Devonian, have a massive
ooraUum composed of numerous polygonal corallites closely packed
together. The cavities of adjacent corallites communicate by
means of numerous perforations, which appear to represent solenia,

and numerous transverse tabulae are also present. In Favosites

hemisphcBTica a number of radial spines, projecting into the
cavity of the corallite, give it the appearance of a madi’eporarian.

coral.

In the order Aloyoxagea the colony consists of bunches of
elongate cylindrical zooids, whose proximal portions are united by
solenia and compacted, by fusion of their own walls and those of
the solenia, into a fleshy mass called the coenenehyma. Thus the
coenenchyma forms a stem, sometimes branched, from the surface
of which the free portions of the zooids project. The skeleton of
the Aloyonaeea consists of separate calcareous spicules, which are
often, especially in the JiTephthyidse, so abundant and so closely
interlocked as to form a tolerably firm and hard armour. The
order^ comprises the
families Xeniidee, Al~
cyonido^f and NepMhy-
iScB. Alcyonium digi~

tatum, a pink digitate

form popularly known
as “dead men’s fin-

gers,” is common in
10-20 fathoms of water
off the English coasts.

In the order Psbtjd-
AXOXiA the colonies are
upright and branched,
consisting of a number
of short zooids whose _

proximal ends are im-
bedded in a coeneu-

chyma containing
numerous ramifying ^.—Portion of a colony of CoraUium mlmmf
solenia and spicules.

expanded and contracted zooids. In
figure the cortex has beenihe coene^hyma is cut away to show the axis, ax, and tke longi-

turther differentiated tudinal canals, h, surrounding it.

into a medullary por-

tion and a cortex. The latter contains the proximal moieties of
the zooids and numerous but separate spicules. The medullary
portion is densely crowded with spionles of different shape from

Pig. 7.—The sea-fan (Gnrgonia Cavolimi).

those in the cortex, and in some forms the spicules are cemented
together to form a hard supporting axis. There are four Idiiiilie'i

of Pseudaxonia—the Briareidce, Sclerogorgidce, Melitodidc^, and
Gorallidoe. In the first-named the medulla is penetrated by solenia

and forms an indistinct axis ; in the remainder the medulla is

devoid of solenia, and in the Melitodidos and G(yrallid(S it forms

a dense axis, which in the Melitodidca consists of alternate cal-

caieous and homy joints. The precious led coral of commerce,
Gorallium rubrum (Fig. 6), a member of the family GorciUidcc,

is found at depths varying from 15 to 120 fathoms in the Meditei-

ranean Sea, chiefly on the African coast. It owes its commercial
value to the beauty of its hard red calcareous axis, which in life is

coveied by a cortex in

which the proximal
moieties of the zooids

are imbedded. Coral-

Uum rubritoii has been
the subject of a beauti-

fully - illustrated me-
moir by de Lacaze
Duthiers, which should
be consulted for details

of anatomy.
The Axifera com-

prises those corals that
have a homy or calci-

fied axis, which in posi-

tion eoiTesponds to the
axis ofthe Pseudaxonia,
but, unlike it, is never
formed of fused si)ic-

ules ; the most familiar

example is the pink
sea-fan, Gorgonia Cmo-
linii, which is found in

abundance in 10-25

fathoms ofwater offthe English coasts (Fig. 7 ). In this order the axis-

is formed as an ingrowth of the ectoderm of the base of the mother
zooid of the colony, the cavity of the ingi*owth being filled by a

horny substance secreted

by the ectoderm. In
Gorgonia the axis 10 -

maiiis homy throughout
life, but in many forms
it is further strengthened
by a deposit of calcareous

matter. In the family
IMinx the axis consists

of alternate segments of
homy and calcareous

substance, the latter

being amorphous. The
order contains six fami-

lies— the Dasygorgidxy
IsidcOj Primnoidx, Muri-
ceidoo, Plexauridco, and
Gorgonidx.
In the order Stele-

OHOTOKEA the colony
consists of a stem formed
by a greatly-elongated
mother zooid, and tbs’

daughter zooids are

borne as lateral buds on
the stem. In the sec-

tion AsipJionacea the
colonies are upright and
branched, springing from
membranous or ramify-
ing stolons. They re-

semble and are closely

allied to certain families

of the Comulariidse, dif-

fering from them only in
mode of budding and in
the disposition of the
daughter zooids round a
central, much-elongated

Pig. 8.—a, Colony of Pemutulap%o^Uoreafrom mother zooid. The sec-
tlie metaiacMdial aspect, p, the peduncle, tion contains two fami-
B, Section of the raohis bearing a single ygg Telestidce andpinna, a, axis ; S, metarachidial, c, pro- T, * X j

rachidial, d, pararachidial stem canals, the Coslogorgidce. ine
second section comprises

the P&rmatulacea or sea-pens, which are remarkable from the
fact that the colonj^ is not fixed by the base to a rock or
other object, but is imbedded in sand or mud by the proximal
portion of the stem known as the peduncle. In the typical
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genus, Pennatula (Fig. 8), tlie colony looks like a, feather having a
stem, divisible into an upper moiety or lachis, bearing lateral central
leaflets (pinnae), and a lower peduncle, which is sterile and imbedded
HI sand or mud. The stem repiesents a gi'catly enlarged and
elongated mother zooid. It is divided longitudinally by a partition
sepaiating a so-called “ventral” or prorachidial canal from a
so-called “doisal” or metarachidial canal. A lod-like suppoiting
axis ot peculiar texture is developed in the longitudinal partition,
and a longitudinal canal is hollowed out on either side of the fl-vis

in the substance of the longitudinal partition, so that there are
four stem-canals in all. The prorachidial and metarachidial aspects
of the rachis are sterile, but the sides or paiurachides bear numerous
daughter zooids of two kinds—(1) fully-iormed autozooids, (2) small
stunted siphonozooids. The pinnae are formed by the elongated
autozooids, whose proximal portions are fused together to foim a
leal-like expansion, from the upper edge of which the distal ex-
tremities oi the zooids project. The siphonozooids aie verynumei’ous
and lie between the bases of the pinnae on the paraiachides

;

they extend also on the prorachidial and metarachidial surfaces.
The calcareous skeleton of the Pennatulacea consists of scattered
spicules, but in one species, Protocaulmi molle, spicules are absent.
Although of great interest the Pennatulacea do not foim an endming
skeleton or

‘ ‘

coral,
’
’ and need not be considered in detail in this place.

The order Ccenothecalia is repiesentedhy a single living species,
SeliopoTCL^ cc&rulca, -which differs from all recent Alcyonaria in the
lact that its skeleton is not composed of spicules, but is formed as
a secretion from a layer of cells called calicoblasts, which originate
from the ectodeim. The corallum of Heliopora is of a blue coloui*,
and has the form ot broad, upright, lobed, or digitate masses flattened
from side to side. The surlaces are pitted all over with uerfoi'ations

Pig. 9.—a, Portion of the surface of a colony of Ifeliopora crendm magnified,
shouing two calices and the surrounding ccenenchymal tubes. B, Single
zooid with the adjacent soft tissues as seen after removal of the skeleton by
decalcification, the distal, and Z2, the proximal or intracahcular
portion of the zooid ; ec, ectoderm

; ccenenchymal tubes ; sp, superficial

netwoik of solenia.

of two kinds, viz., larger star -shaped cavities, called calices, in

which the zooids are lodged, and very numerous smaller roxmd or

polygonal apertures, which in life contain as many short unbranched
tubes, known as the coenGTichyiiwd tubes (Fig. 9, A). The walls of

the calices and ccenenchymal tubes are formed of flat plates of

calcite, which are so disposed that the walls of one tube enter into

the composition of the walls of adjacent tubes, and the walls of the
calices are formed by the walls of adjacent ccenenchymal tubes.

Thus the architecture of the Helioporid colon;^ differs entirely

from such forms as Tubipora or Favosites, in which each ooraJlite

has its own distinct and proper wall. The cavities both of the
calices and ccenenchymal tubes of Heliopora are closed below by
horizontal partitions or tabulae, hence the genus was formerly

included in the group Tabulata, and was supposed to belong to the

madreporarian corals, both because of its lamellar skeleton, which
resembles that of a Madrepore, and because each calicle has from
twelve to fifteen radial partitions or septa projecting into its

ca-vity. The structure of the zooid of Heliopora, however, is that
of a typical Alcyonarian, and the septa have only a resemblance to,

but no real homology with, the similarly-named structures in madre-
porarian corals. Heliopora coerulea is found between tide-marks on
the shore platforms ofcoral islands. The order was more abundantly
represented in Palaeozoic timesby the Heliolitidae from the Upperand
Lower Silurian and the Devonian, andby the Thecidse from the Wen-
lock limestone. In EdioUtes ^orosus the colonies had the form of

spheroidal masses; the caliceswere furnishedwith twelve pseudosepta,

and the ccenenchymal tubes were more or less regularly hexagonal.

Zoantharia.—In this sub-class the arrangement ofthemesenteries
is subject to a great deal of variation, but all the types hitherto

observed may be referred to a common plan, illusfrated by the
living genus Bdwmdsia (Fig. 10, A, B). This is a small solitaiy

Zoantharian which lives embedded in -sand. Its body is divisible

into three portions, an upper cwpiMum bearing the mouth and
tentacles, amedian scapus covered by a friable cuticle, and a terminal
pliysa which is rounded. Both capitulum and physa can be retracted

within the scapus. Theie are from sixteen to thirty-two simple
tentacles, but only eight mesenteiies, all of which aie complete.
The stomodeeum is compressed lateiaily, and is furnished with two
longitudinal giooves, a sulcus and a sulculus. The arrangement of
the muscle-banners on the mesenteiies is characteiistic. On six of
the mesenteries the niufacle-banneis have the same position as in
the Alcyonaiia, namely, on the sulcar faces ; but in the two remain-
ing mesenteiies, namely, those which are attached on either side
of the sulcus, the muscle-banners are on the opposite or siQcular
faces. It is not knowm -whether all the eight mesenteries of
JSdwardsia are developed simultaneously or not, but in the youngest
form which has been studied all the eight mesenteries were present,
but only two of them, namely the sulco-lateials, bore mesenterial
filaments, and so it is piesumed that they are the iiist pair to be
developed. In the coimiion sea-anemone, Actinia equina (which
has already been quoted as a type of Anthozoan stiucture), the
mesenteries are numerous and are an*auged in cycles. The mesen-
teiies of the first cycle are complete {Le., are attached to the
stomodiEum), are twelve in number, and aiianged in couples,
distinguishable by the position of the muscle-banners. In the four
couples of mesenteries which are attached to the sides of the
elongated stomodjeum the muscle - banners of each couple are
turned tow'ards one another, but in the sulcar and sulcular couples,
known as the diiective mesenteries, the muscle-banners aie on tlie

outer faces of the mesenteries, and so aie turned away from one
another (see Fig. 10, C). The space enclosed bet-vveen two mesen-

Fio, 10.—A, Edwardsia claparedii (after A. Andres), cap, capitulum; sc,

scapus; ph, physa. B, Transverse section of the same, shov\ing the
arrangement of tlie mesenteries, s, sulcus ; si, sulculus. C, Transverbe
section of Halcampa. d, d, directive mesenteries ; st, stomodaium.

teries of the same couple is called an e'titoccele ; the space enclosed
between two mesenteiies of adjacent couples is called an exoccele.

The second cycle of mesenteiies consists of six couples, each foimed
in an exoccsle of the primary cycle, and in each couple the muscle-
banners are vis-d-vis. The third cycle compiises twelve couples,

each formed in an exoccele between the primaiy and secondary
couples, and so on, it being a general rule (subject, however, to

exceptions) that new mesenterial couples are always formed in the
exocoeles, and not in the entocceles.

While the mesenterial couples belonging to the second and each
successive cycle are formed simultaneously, those of the fii*st cycle

are foimed in successive pairs, each member of a pair being placed
on opposite sides of the stomodsenm. Hence the arrangement in

six couples is a secondary and not a primary feature. In most
Actinians the mesenteiies appear in the following order :—At the
time when the stomodseum is formed, a single pair of mesenteries,

marked I, I in the diagram (Fig. 11, A), makes its appearance, divid-

ing the coelenteric cavity into a smaller sulcar and a large sulcular

chamber. The muscle - banners of this pair are placed on the
sulcar faces of the mesenteries. JS'ext, a pair of mesenteries, marked
II, II in the diagram, is developed in the sulcular chamber, its

muscle-banners facing the same w^ay as those of I, I. The third

pair is formed in the sulcar chamber, in close connexion with the
sulcns, and in this case the muscle-banners are on the sulcular

faces. The fourth pair, having its muscle-banners on the sulcar

faces, is developed at the opposite extremity of the stomodieiun in

close connexion with the sulculus. There are now eight mesen-
teries present, ha-ring exactly the same arrangement as in Ddwardsia.
A pause in the development follows, during which no new mesen-
teries are formed, and then the six-rayed symmetry characteristic

of a normal Actinian zooid is completed by the formation of the
mesenteries Y, Y in the lateral chambers, and YI, YI in the sulco-

lateral chambers, their muscle - banners being so disposed that

they form couples respectively with II, II and I, I, In Actinia

S. L— 58
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equina the Edwardsia stage is arrived at somewhat differently.

The mesenteries second in order of fonnation form the sulcular

directives, those fourth in order of fonnation form with the fifth

the snlculo-lateTal couples of the adult.

Fig. 11.—a, Diagram showing the sequence of mesenterial development in an
Actinian. B, Diagrammatic transverse section of Gonaotinictprolifcra.

As far as the anatomy of the zooid is concerned, the majority of
the stony or madreporarian corals agree exactly -witla thesoft-hodied
Actinians, such as Actinia equina, both in the number and arrange-

ment of the adult mesenteries and in the order of development of
the first cycle. The few exceptions will be dealt with later, but it

may be stated here that even in these the first cycle of six couples

of mesenteries is always formed, and in all the cases which have
been examined the course of development described above is

followed. There are, however, several groups of Zoantharia in
which the mesenterial arrangement of the adult differs widely from
that just described. But it is possible to refer all these cases with
more or less certainty to the Edwardsian type.

The order Zoanthidea comprises a number of soft -bodied
Zoantharians generally encrusted with sand. Externally they
resemble ordinary sea -anemones, hut there is only one ciliated

groove, the sulcus, in the stomodieum, and the mesenteries are
arranged on a peculiar pattern. The first twelve mesenteries arc
disposed in couples, and do not differ from those of Actinia except
in size. The mesenterial pairs I, II, and III are attached to the
stomodseum, and are called macromesenteries (Fig. 12, B), but lY,

Pig. 12.—a, Zoaiithid colony, showing the expanded zooids. B, Diagram
showing the arrangement of mesentenes in a young Zoanthid. 0, Diagram
showing the arrangement of mesenteries in an adult Zoanthid, 1, 2, 8, 4,
Edwardsian mesenteries.

y, and VI are much shorter, and are called micromesenteries.
The subseq^uent development is peculiar to the group. ITew mesen-
teries are formed only in the sulco -lateral exocoeles. They are
formed in couples, eacn couple consisting of a macromesentery and
a micromesentery, disposed so that the former is nearest to the
Bulcar directives. The derivation of the Zoanthidea from an
Edwardsia form is sufficiently obvious.
The order Ceeianthidea comprises a few soft -bodied Zoan-

tharians with rounded aboral extremities pierced by pores. They
have two circlets of tentacles, a-lahial and a marginal, and there is

only one ciliated groove in the stomodaeum, which appears to be
the sulcnlus. The mesenteries are numerous, and the longitudinal
muscles, though distinguishable, are so feebly developed that there
are no muscle -banners. The larval forms of the type genus
Oeriantims float freely in the sea, and were once considered to
belong to a separate genus, Aracknactis. In this larva four pairs
of mesenteries having the typical Edwardsian arrangement are
developed, in the same sequence as in Rhodactis, but the fifth
and sixth pairs, instead of forming couples with the first and
second, arise in the s^car chamber, the fifth pair inside the fourth,
and the sixth pair inside the fifth. New mesenteries are continually
added in the sulcar chamber, the seventh pair within the sixth, the

eighth pair within the seventh, and so on (Eig. 13). In the
Cerianthidea, as in the Zoanthidea, much as the adult an-angement
of mesenteries difiers from that of Actinia, the derivation from an
Edwardsia stock is obvious.

Fig. 13.

—

A, Cervanthus solitarius (after A. Andres). B, Transverse section of
the stomodieum, showing the sulculus, si, and the arrangement of the
mesenteries. C, Oral aspect of Arachnaetis TyrachiolatoL, the larva of
Cerianthns, with seven tentacles. D, Transverse section of an older larva.
Tlie numerals indicate the order of development of the mesenteries.

The order Axtitathidea is a well-defined group whose affinities
are more obscure. The type form, Antipathes dichotmia (Fig, 14),
forms arborescent colonies consisting of numerous zooids arranged
in a single series along one surface of a branched homy axis. Each
zooid has six tentacles

; the stomodseum is elongate, but the
sulcus and sulculus are very feebly represented. There are ten
mesenteries in which the musculature is so little developed as to
be almost indistinguishable. The sulcar and sulcular pairs of
mesenteries are short, the sulco-lateral and sulculo-lateral pairs are
a little longer, but the two transverse are very large and are the
only mesenteries wffiioh bear gonads. As the development of the
Antipathidea is unknown, it is impossible to say what is the

Fig. 14.—A, Portion of a colony of Araipathes dicliotoTm. B, Single zooid
and aas of the same magnified, m, mouth ; mf, mesenterial filament ; as,

axis. 0, Tranverse section through the oral cone of AntipatheUa minor,
st, stomodeeum

; ov, ovary,

sequence of the mesenterial development, but in ZeiopatTies glaber-

rima, a genus with twelve mesenteries, there are distinct indica-

tions of an Edwardsia stage.

There are, in addition to these groups, several genera of Actinians
whose mesenterial arrangement differs from the normal type. Of
these perhaps the most interesting is Qonactinia prolifera (Fig.

11, B), with eight macromesenteries arranged on the Edwarcfeian
plan. Two pairs ofmicromesenteries form couples with the first and
second Edvrardsian pairs, and in addition there is a couple of micro-

mesenteries in each of the sulculo-lateral exocoeles. Only the first

and second pairs of Edwardsian macromesenteries are fertile, i.c.,,

bear gonads.
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The remaining forms, the Actiniidea, are divisible into the

Malacaotinise, or soft-bodied sea-anemones, which have already been
described sufficiently in the course of this article (pp. 454-5), and
the Scleractini®

(
= Madreporaria), or true corals.

All recent corals, as has already been said, conform so

closely to the anatomy of normal Actinians that they
cannot be classified apart from them, except that they are

distinguished by the possession of a calcareous skeleton.

This skeleton is largely composed of a number of radiating

plates or septa^ and it differs both in origin and structure

from the calcareous skeleton of all Alcyonaria except

Heliopora. It is formed, not from fused spicules, but
as a secretion of a special layer of cells derived from the

basal ectoderm, and known as calicoUasts. The skeleton

or corallum of a typical solitary coral—the common Devon-
shire cup-coral CaryophylUa Smithii (Fig. 15) is a good

Pig. 15.—Corallum of Caryophyllia ;
semi-diagrammatic. t%, theca ; c, costae ;

spf septa
; p, x>alui3 ; col, columella.

example—exhibits the following parts:—(1) The hasal

plate, between the zooid and the surface of attachment.

(2) The septa, radial plates of calcite reaching from the

periphery nearly or quite to the centre of the coral-cup or

calicle. (3) The theca or wall, which in many corals is not

an independent structure, but is formed by the conjoined

thickened peripheral ends of the septa. (4) The coluTmlla,

a structure which occupies the centre of the calicle, and

may arise from the basal plate, when it is called essential,

or may he formed by union of trabecular offsets of the

septa, when it is called unessential. (5) The costce, longi-

tudinal ribs or rows of spines on the outer surface of the

theca. True costae always correspond to the septa, and

are in fact the peripheral edges of the latter. (6) Epitheca,

an offset of the hasal plate which surrounds the base of the

theca in a ring-like manner, and in some corals may take

the place of a true theca. (7) Eali, spinous or blade-like

upgrowths from the bottom of the calicle, which project

between the inner edges of certain septa and the columella.

In addition to these parts the following structures may
exist in corals :

—

Dissepi^i&nts are oblique calcareous par-

titions, stretching from septum to septum, and closing the

interseptal chambers below. The whole system of dissepi-

ments in any given calicle is often called endotheca. Synap-

ticulcB are calcareous bars uniting adjacent septa. TdbvZce

are stout horizontal partitions traversing the centre of the

calicle and dividing it into as many superimposed chambers.

The septa in recent corals always bear a definite relation

to the mesenteries, being found either in every entocoele

or in every entocoele and exoccele. Hence in corals in

which there is only a single cycle of mesenteries the septa

are correspondingly few in number ;
where several cycles

of mesenteries are present the septa are correspondingly

numerous. In some cases

—

e,g,, in some species of Madre-
pora—only two septa are fully developed, the remainder

being very feebly represented.

Though the corallum appears to lie within the zooid, it

is morphologically external to it, as is best shown by its

developmental history. The larvae of corals are free swim-

ming ciKated forms known as planulae, and they do not

acquire a corallum until they fix themselves. A ring-shaped

plate of calcite, secreted by the ectoderm, is then formed,

lying between the embryo and the surface of attachment.

As the mesenteries are formed, the endoderm of the hasal

disc lying above the basal plate is raised up in the form of

radiating folds. There may be six of such folds, one in

each entocoele of the primary cycle of mesenteries; or

there may be twelve, one in each exocoele and entocoele.

The ectoderm beneath each fold becomes detached from
the surface of the basal plate, and both it and the meso-

gloea are folded conformably with the endoderm. The
ceUs forming the limbs of the ectodermic folds secrete

nodules of calcite, and these, fusing together, give rise to*

six (or twelve) vertical radial plates or septa. As growth

proceeds new septa are formed simultaneously with the

new couples of secondary mesenteries. In some corals, in

which all the septa are entocoelic, each new system is

embraced by a mesenteric couple; in others, in which

the septa are both entocoelic and exocoelic, three septa are

formed in every chamber between two primary mesenterial

couples, one in the entocoele of the newly-formed mesen-

terial couple of the secondary cycle, and one in each

exoccele between a primary and a secondary couple. These

latter are in turn embraced by the couples of the tertiary

cycle of mesenteries, and new septa are formed in the^

exocceles on either side of them, and so forth.

h

Fig. 16.—^Tangential section of a larva of Astroides calicularis -whicTi has fixed

itself on a piece of cork, ec, ectoderm; en, endoderm; 7>ig, mesogloea;

vt, TO, mesenteries ; s, septutn ; 5, basal plate formed of ellipsoids of
carbonate of lime secreted by the basal ectodenii ;

ep, epitheca. (After von
Koch.)

It is evident from an inspection of Figs. 16 and 17 that

every septum is covered by a fold of endoderm, mesogloea,

and ectoderm, and is in fact pushed into the cavity of the

zooid from without. The zooid then is, as it were,

moulded upon the corallum. When fully extended, the

upper part of the zooid projects for some distance out of

the calicle, and its wall is reflected for some distance over

the lip of the latter, forming a fold of soft tissue extending

to a greater or less distance over the theca, and containing

in most cases a cavity continuous over the lip of the calicle

with the coelenteron. This fold of tissue is known as the

edge-zone. In some corals the septa are solid imperforate

plates of calcite, and their peripheral ends are either firmly

welded together, or are united by interstitial pieces so as

to form an imperforate theca. In others the peripheral

ends of the septa are united only by bars or trabeculae, so*

that the theca is perforate, and in many such perforate

corals the septa themselves are pierced by numerous perfora-

tions. In the former, which have been called aporose corals,

the only communication between the cavity of the edge**-zone

and the general cavity of the zooid is by way of the lip of

the calicle ;
in the latter, or perforate corals, the theca is

permeated by numerous branching and anastomosing canals

lined by endoderm, which place the cavity of the edg^zone

in communication with the general cavity of the zooid.
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A large number of corals, both aporose and perforate,

are colonial. The colonies are produced either by budding

or division. In the former case the young daughter zooid,

with its corallum, arises wholly outside the cavity of the

parent zooid, and the component parts of the young

corallum, septa, theca, columella, (fee., are formed anew

in every individual produced. In division a vertical con-

striction divides a zooid into two equal or unequal parts,

and the several parts of the two corals thus produced, are

severally derived from the corresponding parts of the divid-

ing corallum. In colonial corals a bud is always formed from

the edge-zone, and this bud develops into a new zooid with

its corallum. The cavity of the bud in an aporose coral

(Fig. 18, A, C) does not communicate directly -with that of

the parent form, but through the medium of the edge-zone.

1

Pig. 17.—Transverse section through a zooid of Cladocora. The corallum
shaded with dots, the mesogloea represented by a thick line. Thirty-two
septa are present, six in the entocoeles of the primary cycle of mesenteries, I

;

six in the entocoeles of the secondary cycle of mesenteries, II ; four in the
entoecEles of the tertiary cycle of mesenteries, III, only four pairs of the
latter being developed ; and sixteen in the entocoeles between the inesentenal
pairs, n, Df directive mesenteries ;

si, stomodajum. (After Duerden.)

As growth proceeds, and parent and hud become separated

farther from one another, the edge-zone forms a sheet of soft

tissue, bridging over the space between the two, and rest-

ing upon projecting spines of the corallum. This sheet of

tissue is caU^ the coenosarc. Its lower surface is clothed

with a layer of calicohlasts which continue to secrete car-

bonate of lime, giving rise to a secondary deposit which
more or less fills up the spacesbetween the individual coralla,

and is distingui^ed as coemnchyTrie, This coenenchyme
may be scanty, or may be so abundant that the individual

corallites produced by budding seem to be immersed in it.

Budding takes place in an analogous manner in perforate

corals (Fig. 18, B), but the presence of the canal system in
the perforate theca leads to a modification of the process.

Buds arise from the edge-zone which already communicate
with the cavity of the zooid by the canals. As the buds
develop the canal system becomes much extended, and
calcareous tissue is deposited between the network of
canals, the confluent edge-zones of mother zooid and bud
forming a coenosarc. As the process continues a number
of calicles are formed, imbedded in a spongy tissue in which
the canals ramify, and it is impossible to say where the
theca of one corallite ends and that of another begins. In
the formation of colonies by division a constriction at
right angles to the long axis of the mouth involves first

the mouth, then the peristome, and finally the calyx itself,

so that the previously single corallite becomes divided into
two (Fig. 18, E). After division the corallites continue to
grow upwards, and their zooids may remain united by a
bridge of soft tissue or coenosarc. But in some cases as they

o z 0 A
grow farther apart, this continuity is broken, each corallite

has its own edge-zone, and internal continuity is also broken

by the formation of dissepiments within each calicle, all

organic connexion between the two zooids being eventu-

ally lost. Massive meandrine corals are produced by

continual repetition of a process of incomplete division,

involving the mouth and to some extent the peristome

:

the calyx, however, does not divide, but elongates to

form a characteristic meandrine channel containing several

zooid mouths.

Corals have been divided into Aporosa and Perforata^

according as the theca and septa are compact and solid, or

Fig. 18.—A, Schematic longitudinal section through a zooid and bud of

Stylopkora digitata. In A, B, and C the thick black lines represent the soft

tissues ; the corallum is dotted, s, stomodseum ; c, c, coenosarc
;

col, colu-

mella; T, tabulae. B, Similar section through a single zooid and bud of
Astroldes cahcularis, 0, Similar section through three corallites of Lopho”

hdia prolifera. ez, edge -zone. D, Diagram illustrating the process of
budding by une(iual division. E, Section through a dividing calicle of
Mmsa, showing the union of two septa iu the plane of division, and
the origin of new septa at right angles to them. (0, original ; the
rest after von Koch.)

are perforated by pores containing canals lined by endo-

derm. The division is in many respects convenient for

descriptive purposes, but recent researches show that it

does not accurately represent the relationships of the

different families. Various attempts have been made to

classify corals according to the arrangement of the septa,

the characters of the theca, the microscopic structure of the

corallum, and the anatomy of the soft parts. The last-

named method has proved little more than that there is

a remarkable similarity between the zooids of all recent

corals, tbe differences which have been brought to light

being for the most part secondary and valueless for classi-

ficatory purposes. On the other hand, the study of the

anatomy and development of the zooids has thrown much
light upon the manner in which the corallum is formed,

and it is now possible to infer the structure of the soft

parts from a microscopical examination of the septa, theca,

(fee., with the result that unexpected relationships have
been shown to exist between corals previously supposed to

stand far apart. This has been particularly the case with
the group of Palseozoic corals formerly classed together as

Rugosa. In many of these so-called rugose forms the septa

have a characteristic arrangement, differing from that of

recent corals chiefly in the fact that they show a tetrameral

instead of a hexameral syiUmetry. Thus in the family
StcmiridcB there are four chief septa whose inner ends unite
in the middle of the calicle to form a false columella, and
in the Zaphrentidos there are many instances of an arrange-
ment, such as that depicted in Fig. 19, which represents the



ANTHOZOA 461

nt

septal arrangement of StreptelasTiia comiculum from the
lower Silurian. In this coral the calicle is divided into
quadrants by four principal septa, the Tmin septum, counter
septum, and two alar septa. The remaining septa are so
disposed that in the quadrants abutting on the chief sep-
tum they converge towards that septum, whilst in the
other quadrants they converge towards the alar septa.

The secondary septa show a regular gradation in size,

and, assuming that the smallest were the most recently
formed, it will be noticed that in the chief quadrants the
youngest septa lie nearest to the main septum

;
in the other

quadrants the youngest septa lie nearest to the alar septa.

This arrangement, however, is by no means characteristic

even of the Zaph-
rentidse, and in the

family Gyatkophyl-

lidce most of the

genera exhibit a
radial symmetry in

which no trace of

the bilateral
arrangement de-

scribed above is

recognizable, and
indeed in the genus
G y athophyllum
itself a radial
arrangement is the

rule. The con-
Fio. 19.—Diagram of the arrangement of the septa nexion between the

111 a Zaphrentid coral. ?>i,, mam septum; c,

counter septum
;

i, <, alar septa. Oyatnophyllldae
and modern As-

trgeidae is shown by Moseleya latistellata, a living reef-

building coral from Torres Strait. The general structure

of this coral leaves no doubt that it is closely allied to the

Astraeidse, but in the young calicles a tetrameral symmetry
is indicated by the presence of four large septa placed at

right angles to one another. Again, in the family Amphias-
trcBidoe there is commonly a single septum much larger than
the rest, and it has been shown that in the young calicles,

e.g., of Theddiosmilia, two septa, corresponding to the main-
and counter-septa of Streptelasma, are first formed, then

two alar septa, and afterwards the remaining septa, the

latter taking on a generally radial arrangement, though
the original bilaterality is marked by the preponderance of

the main septum. As the microscopic character of the

corallum of these extinct forms agrees with that of recent

corals, it may be assumed that the anatomy of the soft

parts also was similar, 'and the tetrameral arrangement,

when present, may obviously be referred to a stage when
only the first two pairs of Edwardsian mesenteries were

present and septa were formed in the intervals between

them.

Space forbids a discussion of the proposals to classify

corals after the minute structure of their coralla, but it

will sufSlce to say that it has been shown that the septa of

all corals are built up of a number of curved bars called

trabeculae, each of which is composed of a number of

nodes. In many secondary corals {Cyclolites, Th/mm-
astroea) the trabeculae are so far separate that the individual

bars are easily recognizable, and each looks something

like a bamboo owing to the thickening of the two ends

of each node. The trabeculae are united together by
these thickened internodes, and the result is a fenestrated

septum, which in older septa may become solid and aporose

by continual deposit of calcite in the fenestrae. Each node

of a trabecula may be simple

—

{,e., have only one centre

of calcification, or may be compound. The septa of modern

perforate corals are shown to have a structure nearly

identical with that of the secondary forms, but the trabe-

culae and their nodes are only apparent on microscopical

examination. The aporose corals, too, have a practically

identical structure, their compactness being due to the
union of the trabeculae throughout their entire lengths

instead of at intervals, as in the Perforata. Further, the

trabeculae may be evenly spaced throughout the septum,
or may be grouped together, and this feature is probably
of value in estimating the affinities of corals.

In the present state of our knowledge the Zoantharia, in

which a primary cycle of six couples of mesenteries is (or

may be inferred to be) completed by the addition of two
pairs to the eight Edwardsian mesenteries, and succeeding

cycles are formed in the exocceles of the pre-existing

mesenterial cycles, may be classed in an order Actin-iidea,

and this may be divided into the sub-orders Malacactinicey

comprising the soft-bodied Actinians, such as Actinia,

Sagartia, Bunodes, <fec., and the Scleractinioe, comprising
the corals. The Scleractinise may best be divided into

groups of families which appear to be most closely related

to one another, but it should not be forgotten that there

is great reason to believe that many if not most of the

extinct corals must have differed from modern Actiniidea

in mesenterial characters, and may have only possessed

Edwardsian mesenteries, or even have possessed only four

mesenteries, in this respect showing close affinities to the

Stauromedus8e. Moreover, there are some modern corals

in which the secondary cycle of mesenteries departs from
the Actinian plan. For example, Duerden has shown that

in Forites the ordinary zooids possess only six couples of

mesenteries arranged on the Actinian plan. But some
zooids grow to a larger size and develop a number of

additional mesenteries, which arise either in the sulcar or

the sulcular entocoele, much in the same manner as in

Cerianthus. Bearing this in mind, the following arrange-

ment may be taken to represent the most recent knowledge
of coral structure :

—

I

'Family 1. ZAPHRENXiDis,—Solitary Palseozoic corals with an
epithecal wall. Septa numerous, arranged pinnately with
regard to four principal septa. Tabulae present. One or

more pits or fossulae present in the calicle. Typical genera

—ZaphrentiSy Raf. Amplexus, M. Edw. and H. Strep-

Ulasma, Hall. Omphyma, Raf.

Family 2. TuRBiNOLiDiE.—Solitary, rarely colonial corals, with
radially arranged septa and without tabulae. Typical genera—Flahellurriy Lesson. Turhinolicb, M. Edw. and H.
Caryophyllia, Lamarck. Sphenotrochus, Moseley, &c.

Family 3. AMPHiASTR^EiDiE.—Mainly colonial, rarely solitary

corals, with radial septa, hut bilateral arrangement indicated

by persistence of a main septum. Typical genera

—

Amphi-
CLstTceo>j Etallon. Theddiosmilia.

Family 4. STYLiNiD.aE.—Colonial corals allied to the Amphi-
astrseidse, but with radially symmetrical septa arranged in

cycles. Typical genera

—

Stylina, Lamarck (Jurassic). Con-
vexastroea, D'Orh. (Jurassic). Isastrcea, M. Edw. and H.
(Jurassic). Ogilvie refers the modern genus Galaxea to

^ this family.

Family 5. OouLiNiDiEJ.—Branching or massive aporose corals,

the calices projecting above the level of a compact coenen-

chyme formed from the coenosaro which covers the exterior

of the corallum. Typical genera

—

Lophdheha, M. Edw. and
H. OcuUna, M. Edw. and H.

Family 6. PociLLOPORiDiB.—Colonial branching aporose corals,

with small calices sunk in the ccenenchyme. Tabulae pre-

sent, and two larger septa, an axial and abaxial, are always

present, with traces of ten smaller septa. Typical genera

—

. Pocillopora, Lamarck. Seriatoporaj Lamarck.

§ I
Family 7. MADRBPOEiDiB,—Colonial branching or palmate

?
erforate corals, with abundant trabecular ccenenchyme.

'heca porous; septa compact and reduced in number.

Typical genera— Madrepora, Linn. Turhinaria, Oken.

Mordvpora, Quoy and G.

Family 8. PoRlTiD.®.—^Inerusting or massive colonial per-

forate corals ;
calices usually in contact by their edges,

sometimes disjunct and immersed in ccenenchyme. Theca

and septa perforate. Typical genera

—

Forites, M. Edw. and

H. Goniopora, Quoy and G. Bhodaroea, M. Edw, and H,

A
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Family 9. CyATHOPHYLLiD-E.—Solitary and colonial aporoae

corals. Tabulsc and vesicular endotheca present. Septa

numerous, generally radial, seldom pinnate. Typical

genera

—

Cyathophyllum, Goldfuss (Devonian and Carboni-

ferous). Moseleyai Quelch (lecent).

Family 10. Astejsid^.

—

Apoiose, mainly colonial corals,

. massive, branching, or mseandroid. Septa radial ; dissepi-
^ ments present ; an epitheca surrounds the base of massive
§* or mseandroid forms, but only surrounds individual coral-

S
® lites in simple or branching forms. Typical genera

—

Goni-

astrcBCb, M. Edw. and H. HelioLstrcm, M. Edw. and H.
Mceandi imij Lam. Codorm, M. Edw. and H. Favia, Oken.

Family 11. Fungid-®. —

S

olitary and colonial corals, with
numerous radial septa imited by synaptioulae. Typical

f
enera

—

Lophoseris, M. Edw. and H. Thamnastrcea, Le
auvage. Leptophyllia, Reuss (Jurassic and Cretaceous),

^ Fimgia, Dana. Siderastrcea, Blainv.

^Family 12. Eitpsammidje.

—

Solitary or colonial perforate
• corals, branching, massive, or encrusting. Septa radial ; the

^ piimary septa usually compact, the remainder perforate.

S* ^ Theca perforate. Synapticula present in some genera.
2 Typical genera

—

Stephanophyllia, Michelin. Eupsammia,^ M. Edw. and H. Astrcides, Blainv. EhodopsaTnmia, M.
. Edw. and H. JOendrophyllia, M. Edw. and H.

Family 13. CYSTiPHTLLiDiB.—Solitary corals with rudimentary-
septa, and the calicle filled with vesicular endotheca. Genera—Gystiphyllvm, Lonsdale (Silurian and Devonian). Gonio-
phyllum, M. Edw. and H. (In this Silurian genus IJie

. calyx is provided with a movable operculum, consisting of
” four paired triangular pieces, the bases of each being attached
s -I

to the sides of the calyx, and their apices meeting in the
S middle when the operculum is closed). Galceola, Lam. (In
® this Devonian genus there is a single semicircular operculum

furnished with a stout median septum and numerous feebly
developed secondary septa. The calyx is triangular in sec-
tion, pointed below, and the operculum is attached to it by

. hinge-like teeth.)

Cm'al foTTiiations,

Many species of corals are widely distributed, and are
found at all depths both in warmer and colder seas.

LopluihduL prolifera and Dend/rophyllia ramea form
dense beds at a depth of from 100 to 200 fathoms oj0f

the coasts of Norway, Scotland, and Portugal, and the
Chdlenger and other deep-sea dredging expeditions have
brought up corals from great depths in the Pacific and
Atlantic oceans. But the larger number of species, par-
ticularly the more massive kinds, occur only in tropical
seas in shallow waters, whose mean temperature does not
fall below 68° Pahr., and they do not flourish unless the
temperature is considerably higher. These conditions of
temperature are found in a belt of ocean which may
roughly be indicated as lying between the 28th IST. and
S. parallels. Within these limits there are numerous
reefs and islands formed of coral intermixed with the cal-
careous skeletons of other animals, and their formation
has long been a matter of dispute among naturalists and
geologists.

Coral formations may be classed as fringing or shore
reefs, barrier reefs, and atolls. Fringing reefs are plat-
forms of coral rock extending no great distance from the
shores of a continent or island. The seaward edge of the
platform is usually somewhat higher than the inner part,
and is often awash at low water. It is intersected by
numerous creeks and channels, especially opposite those
places where strums of fresh water flow down from the
land, and there is usually a channel deep enough to be
navigable by small boats between the edge of the reef and
the land. The outer wall of the reef is rather steep, but
descends into a comparatively shallow sea. Since corals
are killed by fresh water or by deposition of mud or sand,
it is obvious that the outer edge of the reef is the region
of most active coral growth, and the boat channel and the
passages leading into it from the open sea have been
formed by the suppression of coral growth by one of the
above-mentioned causes, as'sisted by the scour of the tides
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and the solvent action of sea-water. Barrier reefs may
be regarded as fringing reefs on a large scale. The great
Australian barrier reef extends for no less a distance than
1250 miles from Torres Strait in 9*5° S. lat. to Lady
Elliot island in 24° S. lat. The outer edge of a barrier

reef is much farther from the shore than that of a fringing
reef, and the channel between it and the land is much
deeper. Opposite Cape York the seaward edge of the
great Australian barrier reef is nearly 90 miles distant
from the coast, and the maximum depth of the channel
at this point is nearly 20 fathoms. As is the case in a
fringing reef, the outer edge of a barrier reef is in many
places awash at low tides, and masses of dead coral and
sand may be piled up on it by the action of the waves,
so that islets are formed which in time are covered with
vegetation. These islets may coalesce and form a strip of
dry land lying some hundred yards or less from the
extreme outer edge of the reef, and separated by a wide
channel from the mainland. Where the barrier reef is

not far from the land there are always gaps in it opposite
the mouths of rivers or considerable streams. The outer
wall of a barrier reef is steep, and frequently, though not
always, descends abruptly into great depths. In many
cases in the Pacific Ocean a barrier reef surrounds one or
more island peaks, and the strip of land on the edge of
the reef may encircle the peaks with a nearly complete
ring. An atoll is a ring-shaped reef, either awash at low
tide or surmounted by several islets, or more rarely by a
complete strip of dry land surrounding a central lagoon.
The outer wall of an atoll generally descends with a very
steep but irregular slope to a depth of 500 fathoms or
more, but the lagoon is seldom more than 20 fathoms
deep, and may be much less. Frequently, especially to
the leeward side of an atoll, there may be one or more
navigable passages leading from the lagoon to the open
sea.

^

Though corals flourish everywhere under suitable con-
ditions in tropical seas, coral reefs and atolls are by no
means universal in the torrid zone. The Atlantic Ocean
is remarkably free from coral formations, though there are
numerous reefs in the West Indian islands, off the south
coast of Florida, and on the coast of Brazil. The Bermudas
also are coral formations, their high land being formed
by sand accumulated by the wind and cemented into rock,
and are remarkable for being the farthest removed from
the equator of any recent reefs, being situated in 32° N.
lat. In the Pacific Ocean there is a vast area thickly
dotted with coral formations, extending from 5° N. lat.

to 25° S. lat., and from 130° E. long, to 145° W. long.
There are also extensive reefs in the westernmost islands
of the Hawaiian group in about 25° IST. lat. In the
Indian Ocean, the Laccadive and Maidive islands are
l^rg® groups of atolls off* the west and south-west of
India. Still farther south is the Chagos group of atolls,

and there are numerous reefs off the north coast of
Madagascar, at Mauritius, Bourbon, and the Seychelles.
The Cocos-Keeling Islands, in 12° S. lat. and 96° E.,
long., are typical atolls in the eastern part of the Tn<^ia-n

Ocean.

The^ remarkable characters of barrier reefs and atolls,
their isolated position in the midst of the great oceans,
the seemingly unfathomable depths from which they rise,

their peaceful and shallow lagoons and inner channels,
their narrow strips of land covered with cocoa-nut palms
and other vegetation, and rising but a few feet above the
level of the ocean, naturally attracted the attention of the
earlier myigators, who formed sundry speculations as to
their origin. The poet-naturalist Chamisso was the first
to propound a definite theory of the origin of atolls and
encircling reefs, attributing their peculiar features to the
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natural growth of corals and the action of the waves. He
pointed out that the larger and more massive species of

corals flourish best on the outer sides of a reef, whilst the

more interior corals are killed or stunted in growth by the

accumulation of coral and other debris. Thus the outer

edge of a submerged reef is the first to reach the surface,

and a ring of land being formed by materials piled up by
the waves, an atoll with a central lagoon is produced.

Chamisso's theory necessarily assumed the existence of a

great number of submerged banks reaching nearly, but
not quite, to the surface of the sea in the Pacific and
Indian oceans, and the difficulty of accounting for the

existence of so many of these led Darwin to reject his

views and bring forward an explanation which may be

called the theory of subsidence. Starting from the well-

known premiss that reef-building species of corals do not

flourish in a greater depth of water than 20 fathoms,

Darwin argued that all coral islands must have a rocky

base, and that it was inconceivable that, in such large

tracts of sea as occur in the Pacific and Indian oceans,

there should be a vast number of submarine peaks or

banks all rising to within 20 or 30 fathoms of the surface

Pig. 20.—Diagram showing the formation of an atoU dmmg subsidence.

(After Darwin.) The lower part of tbe figure represents a banier reef

surrounding a central peak. A, A, Outer edges of the barrier reef at the
sea-level : the cocoa-nut trees indicate dry land formed on the edges of the
reef; L, L, lagoon channel

; A', A^ outer edges of the atoll formed by up-
growth of the coral during the subsidence of the peak ; U, lagoon of the
atoU. The vertical scale is considerably exaggerated as compared with the
horizontal scale.

and none emerging above it. But on the supposition that

the atolls and encircling reefs were formed round land

which was undergoing a slow movement of subsidence,

their structure could easily be explained. Take the case

of an island consisting of a single high peak. At first

the coral growth would form a fringing reef clinging to

its shores. As the island slowly subsided into the ocean

the upward growth of coral would keep the outer rim of

the reef level with or within a few fathoms of the surface,

so that, as subsidence proceeded, the distance between the

outer rim of the reef and the sinking land would continu-

ally increase, with the result that a barrier-reef would be

formed separated by a wide channel from the central peak.

As corals and other organisms with calcareous skeletons

live in the channel, their remains, as well as the accumu-

lation of coral and other debris thrown over the outer

edge of the reef, would maintain the channel at a shallower

depth than that of the ocean outside. Finally, if the

subsidence continued, the central peak would disappear

beneath the surface, and an atoll would be left consisting

of a raised margin of reef surrounding a central lagoon,

and any pause during the movement of subsidence would

result in the formation of raised islets or a strip of dry

land along the margin of the reef. Darwin^s theory was

published in 1842, and found almost universal acceptance,

both because of its simplicity and its applicability to

every known type of coral-reef formation, including such

difficult cases as the Great Chagos Bank, a huge submerged

atoll in the Indian Ocean.

Darwin’s theory was adopted and strengthened by Dana,

who had made extensive observations among the Pacific

coral reefs between 1838 and 1842, but it was not long

before it was attacked by other observers. In 1851
Louis Agassiz produced evidence to show that the reefs

off the south coast of Florida were not formed during

subsidence, and in 1863 Karl Semper showed that in the

Pelew islands there is abundant evidence of recent

upheaval in a region where both atolls and barrier-reefs

exist. Latterly, many instances of recently upraised coral

formations have been described by Wharton, Guppy,
Gardiner, and others, and Alexander Agassiz and Murray
have brought forward a mass of evidence tending to shake

the subsidence theory to its foundations. Murray has

pointed out that the deep-sea soundings of the Tuscarora

and Challenger have proved the existence of a large

number of submarine elevations rising out of a depth of

2000 fathoms or more to within a few hundred fathoms
of the surface. The existence of such banks was unknown
to Darwin, and removes his objections to Chamisso’s

theory. For although they may at first be too far below
the surface for reef-building corals, they afford a habitat

for numerous echinoderms, molluscs, Crustacea, and deep-

sea corals, whose skeletons accumulate on their summits,

and they further receive a constant rain of the calcareous

and silicious skeletons of minute organisms which teem
in the waters above. By these agencies the banks are

gradually raised to the lowest depth at which reef-huilding

corals can flourish, and once these establish themselves

they will grow more rapidly on the periphery of the bank,

because they are more favourably situated as regards

food-supply. Thus the reef will rise to the surface as an
atoll, and the nearer it approaches the surface the more
will the corals on the exterior faces be favoured, and the

more will those in the centre of the reef decrease, for

experiment has shown that the minute pelagic organisms

on which corals feed are far less abundant in a lagoon

than in the sea outside. Eventually, as the margin of the

reef rises to the surface and material is accumulated upon
it to form islets or continuous land, the coral growth in

the lagoon will be feeble, and the solvent action of sea-

water and the scour of the tide will tend to deepen the

lagoon. Thus the considerable depth of some lagoons,

amounting to 40 or 50 fathoms, may be accounted for.

The observations of Guppy in the Solomon Islands have

gone far to confirm Murray’s conclusions, since he found

in the islands of Ugi, Santa Anna, and Treasury and

Stirling islands unmistakable evidences of a nucleus of

volcanic rock, covered with soft earthy bedded deposits

several hundred feet thick. These deposits are highly

fossiliferous in parts, and contain the remains of pteropods,

lamellibranchs, and echinoderms, imbedded in a foramini-

ferous deposit mixed with volcanic debris, like the deep-

sea muds brought up by tho Challenger, The flanks of

these elevated beds are covered with coralline limestone

rocks varying from 100 to 16 feet in thickness. One of

the islands, Santa Anna, has the form of an upraised atoll,

with a mass of coral limestone 80 feet in vertical thickness,

resting on a friable and sparingly argillaceous rock resem-

bling a deep-sea deposit. A. Agassiz, in a number of

important researches on the Florida reefs, the Bahamas,

the Bermudas, the Fiji Islands, and the Great Barrier-

reef of Australia, has further shown that many of the

peculiar features of these coral formations cannot be

explained on the theory of subsidence, but are rather

attributable to the natural growth of corals on banks

formed by prevailing currents, or on extensive shore plat-

forms or submarine flats formed by the erosion of pre-

existing land surfaces.

In face of this accumulated evidence, it must be admitted

that the subsidence theory of Darwin is inapplicable to a

large number of coral reefs and islands, but it is hardly
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possible to assert, as Murray does, that no atolls or

barrier-reefs hay© ever been developed after the manner

indicated by Darwin. The most recent research on the

structure of coral reefs has also been the most thorough

and the most convincing. It is obvious that, if Murray’s

theory were correct, a bore hole sunk deep into an atoU

would pass through some 100 feet of coral rock, then

through a greater or less thickness of argillaceous rock,

and finally would penetrate the volcanic rock on which

the other materials were deposited. If Darwin’s theory

is correct, the boring would pass through a great thickness

of coral rock, and finally, if it went deep enough, would

pass into the original rock which subsided below the waters.

An expedition sent outbytheKoyal Society ofLondon started

in 1896 for the island of Funafuti, a typical atoll of the

Ellice group in the Pacific Ocean, with the purpose of making
a deep boring to test this question. The first attempt was
not successful, for at a depth of 105 feet the refractory

nature of the rock stopped further progress. But a second

attempt, under the management of Prof. Edgeworth David
of Sydney, proved a complete success. With improved
apparatus, the boring was carried down to a depth of

097 feet (116 fathoms), and a third attempt carried it

down to 1114 feet (185 fathoms). The boring proves

the existence of a mass of pure limestone of organic origin

to the depth of 1114 feet, and there is no trace of any
other rock. The organic remains found in the core

brought up by the drill consist of corals, foraminifera,

calcareous alga, and other organisms. The results of the

examination of the core had not been published at the

time this article was written, but, by the courtesy of Pro-

fessor Judd, the writer has been able to examine the core

and satisfy Idmself as to the truth of the above statements.

A boring was also made from the deck of a ship into the

fioor of the lagoon, which shows that under 100 feet of

water there exists at the bottom of the lagoon a deposit

more than 100 feet thick, consisting of the remains of a
calcareous alga, JSalimedd opimtia, mixed with abundant
foraminifera. At greater depths, down to 245 feet, the

same materials, mixed with the remains of branching
madrepores, were met with, and further progress was
stopped by the existence of solid masses of coral,

fragments of porites, madrepora, and heliopora having
been brought up in the core. These are shallow-water
corals, and their existence at a depth of nearly 46 fathoms
buried beneath a mass of halimeda and foraminifera, is clear

evidence of recent subsidence. Halimeda grows abundantly
over the floor of the lagoon of Funafuti, and has been
observed in many other lagoons. The writer collected a
quantity of it in the lagoon of Diego Garcia in the Ohagos
group. The boring demonstrates that the lagoon of
Funafuti has been filled up to an extent of at least

245 feet (nearly 41 fathoms), and this fact accords well
with Darwin’s theory, but is incompatible with that of
Murray. In the present state of our knowledge it seems
reasonable to conclude that coral reefs are formed wherever
the conditions suitable for growth exist, whether in areas

of subsidence, elevation, or rest. A considerable number
of reefs, at all events, have not been formed in areas of

subsidence, and of these the Florida reefs, the Bermudas,
the Solomon islands, and possibly the great barrier-reef of

Australia are examples. Funafuti would appear to have
been formed in an area of subsidence, and it is quite

probable that the large groups of low-lying islands in the

Pacific and Indian oceans have been formed under the

same conditions. At the same time, it must be remem-
bered that the atoll or barrier-reef shape is not necessarily

evidence of formation during subsidence, for the obser-

vations of Semper, A. Agassiz, and Guppy are sufficient

to prove that these forms of reefs may be produced by the

natural growth of coral, modified by the action of waves
and currents in regions in which subsidence has certainly

not taken place.
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Anthropology.— The following additional ob-
servations, supplementing the article Anthropology in
Ency. Brit,, 9th ed., vol. ii., are placed under headings
corresponding to those previously adopted.

MartfS Place in Naf/wre,— the original article use
is made of the exposition of the theory of human de-
velopment, as viewed on its physical side, by Professor

Huxley (see his Man's Place in Nature^ 1863 ;
reprinted

in Collected Essays, vol. vii.). Huxley’s argument has,

on the whole, stood its ground, and a reproduction of his

series of skeletons is given in our Plate (Fig. 2) as
serving better than a detailed anatomical statement. Its

significance in the problem of human descent requires

some explanation. The acknowledgment of man’s struc-

tural similarity with the anthropomorphous species nearest

approaching him was made by Linnaeus, who, in his
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Systema Natwros, (1735) grouped them together as the
highest order of Mammalia, to which he gave the name of

Primates. The Amoenitates Academicce (vol. vi., Leyden,
1764), published under the auspices of Linnseus, contains
a remarkable picture which illustrates a discourse by his

disciple Hoppius, and is here reproduced in the Plate,

Fig. 1. In this picture, which shows the crudeness of the
zoological notions current in the 18th century both as to

men and apes, there are set in a row four figures
: (a) a

recognizable orang-utan, sitting and holding a staff; (h)

a chimpanzee, absurdly humanized as to head, hands, and
feet; (c) a hairy woman, with a tail a foot long; {d)

another woman, more completely coated with hair. The
great Swedish naturalist was possibly justified in treating

the two latter creatures as quasi-human, for they seem to

be grotesque exaggerations of such tailed and hairy human
beings as reaUy, though rarely, occur, and are apt to be
exhibited as monstrosities (see Bastian and Hartmann, Zeit-

schriftfur Ethnologies Index, “Geschwanzte Menschen”;
Gould and Pile, ATiomalies and Curiosities of Medicines

1897). To Linnaeus, however, they represented normal
anthropomorpha or man -like creatures, vouched for by
visitors to remote parts of the world. This opinion of the

Swedish naturalist seems to have been little noticed in

Great Britain till it was taken up by the learned but
credulous Scots judge. Lord Monboddo (see his Origin and
Progress of Languages 1774, <fec.

;
Antient MetaphysicSs

1778). He had not heard of the tailed men till he met
with them in the work of Linnaeus, with whom he entered

into correspondence, with the result that he enlarged his

range of mankind with races of sub-human type. One
was founded on the description by the Swedish sailor

Niklas Koping of the ferocious men with long tails

inhabiting the Mcobar Islands. Another comprised the

orang-utans of Sumatra, who were said to take men captive

and set them to work as slaves. One of these apes, it

was related, served as a sailor on board a Jamaica ship,

and used to wait on the captain. These are stories which
seem to carry their own explanation. When the hTicobar

Islanas were taken over by the British Government two
centuries later, the native warriors were still wearing their

peculiar loin-cloth hanging behind in a most tail-like

manner (E. H. Man, Journal Anthropological Institutes

vol. XV. p. 442). As for the story of the orang-utan

cabin boy, this may even be verbally true, it being borne

in mind that in the Malay languages the term orang-utans
“ man of the forest,” was originally used for inland forest

natives and other rude men, rather than for the miyas
apes to which it has come to be generally applied by
Europeans. The speculations as to primitive man con-

nected with these stories diverted the British pubhc,

headed by Dr Johnson, who said that Monboddo was “as
jealous of his tail as a squirrel.” Linnaeus’s primarily

zoological classification of man did not, however, suit the

philosophical opinion of the time, which responded more
readily to the systems represented by Buffon, and later

by Cuvier, in which the human mind and soul formed an
impassable wall of partition between him and other mam-
malia, so that the definition of man’s position in the animal

world was treated as not belonging to zoology, but to

metaphysics and theology. It has to be borne in mind that

Linnaeus, plainly as he recognized the likeness of the higher

simian and the human types, does not seem to have enter-

tained the thought of accounting for this similarity by
common descent. It satisfied his mind to consider it as

belonging to the system of nature, as indeed remained the

case with a greater anatomist of the following century,

Richard Owen. The present drawing, which under the

authority of Linnaeus shows an anthropomorphic series

from which the normal type of man, the homo sapienSs is
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conspicuously absent, brings zoological similarity into view
without suggesting kinship to account for it. There are few
ideas more ingrained in ancient and low civilization than
that of relationship by descent between the lower animals
and man. Savage and barbaric religions recognize it, and
the mythology of the world has hardly a more universal

theme. But in educated Europe such ideas had long been
superseded by the influence of theology and philosophy,
with which they seemed too incompatible. In the 19th
century, however, Lamarck’s theory of the development
of new species by habit and circumstance led through
Wallace and Darwin to the doctrines of the hereditary
transmission of acquired characters, the survival of the
fittest, and natural selection. Thenceforward it was
impossible to exclude a theory of descent of man
from ancestral beings whom zoological similarity con-
nects also, though by lines of descent not at aU clearly

defined, with ancestors of the anthropomorphic apes.

In one form or another such a theory of human descent

has in our time become part of an accepted frame-
work of zoology, if not as a demonstrable truth, at any
rate as a working hypothesis which has no effective

rival.

The new development from Linngeus’s zoological scheme
which has thus ensued appears inHuxley’s diagram of simian
and human skeletons (Fig. 2, {a) gibbon

;
(b) orang

;
(c)

chimpanzee
;

{d) gorilla
;

{e) man). Evidently suggested

by the Linnean picture, this is brought up to the modern
level of zoology, and continued on to man, forming an intro-

duction to his zoological history hardly to be surpassed.

Some of the main points it illustrates may be briefly stated

here, the reader being referred for further information to

HuHey’s Essays, In tracing the osteological characters of

apes and man through this series, the general system of

the skeletons, and the close correspondence in number and
arrangement of vertebrae and ribs, as well as in the teeth,

go far towards justifying the opinion of hereditary con-

nexion. At the same time, the comparison brings into

view differences in human structure adapted to man’s
pre-eminent mode of life, though hardly to be accounted
its chief causes. It may be seen how the arrangement of

limbs suited for going on all-fours belongs rather to the apes
than to man, and walking on the soles of the feet rather

to man than the apes. The two modes of progression

overlap in human life, but the child’s tendency when
learning is to rest on the soles of the feet and the palms
of the hands, unlike the apes, which support themselves

on the sides of the feet and the bent knuckles of the

hands. With regard to climbing, the long stretch of

arm and the grasp with both hands and feet contribute to

the arboreal life of the apes, contrasting with what seem
the mere remains of the climbing habit to be found even

among forest savages. On the whole, man’s locomotive

limbs are not so much specialized to particular purposes,

as generalized into adaptation to many ends. As to the

mechanical conditions of the human body, the upright

posture has always been recognized as the chief. To it

contributes the balance of the skuU on the cervical verte-

brae, while the human form of the pelvis provides the

necessary support to the intestines iu the standing attitude.

The marked curvature of the vertebral column, by breaking

the shock to the neck and head in running and leaping,

likewise favours the erect position. The lowest coccy^geal

vertebrae of man remain as a rudimentary tail. While it

is evident that high importance must be attached to the

adaptation of the human body to the life of diversified

intelligence and occupation he has to lead, this must not

be treated as though it were the principal element of the

superiority of man, whose comparison with aU lower

genera of mammals must be maiiily directed to the intel-

S. L— 59
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lectual organ, the brain. Comparison of the brains of

vertebrate animals brings into view the immense difference

between the small, smooth brain of a fish or bird and

the large and convoluted organ in man. In man, both

size and complexity contribute to the increased area of

the cortex or outer layer of the brain, which within the

last few years has been fully ascertained to be the seat of

the mysterious processes by which sensation furnishes the

groundwork of thought. Schafer {Texthooh ofPhysiology^

vol. ii. p. 697) thus defines it .
“ The cerebral cortex is

the seat of the intellectual functions, of intelligent sensa-

tion or consciousness, of ideation, of volition, and of

memory,” Not to enter into the difficult details of com-

parison of the extent of this thinking layer in the higher

apes and man, it may suffice to compare the absolute

quantity of brain in the gorilla and average man, which

has been estimated as 1 to 2. So evident is the pre-

ponderance, that it is plainly seen in the present series

of skeletons which have already served so many purposes,

and where the outside of the brainpan in each gives a

rough measure of the brain contained within.

The wide acceptance of the Darwinian theory, as applied

to the descent of man, has naturally roused anticipation

that geological research, which provides evidence of the

animal life of incalculably greater antiquity, would furnish

fossil remains of some comparatively recent being inter-

mediate between the anthropomorphic and the anthropic

types. This expectation has hardly been fulfilled, but of

late years the notion of a variety of the human race,

geologically ancient, differing from any known in historic

times, and with characters approaching the simian, has

been supported by further discoveries. To bring this

to the reader’s notice, top and side views of three skulls, as

placed together in the human development series in the

Oxford University Museum, are represented in the Plate,

for the purpose of showing the great size of the orbital

ridges, which the reader may contrast with his own by a
touch with his fingers on his forehead. The first (Pig. 3)

is the famous Neanderthal skuU from near Dusseldorf, de-

scribed by Schaafhausen in Muller’s Arohiv^ 1858 ;
Huxley

m Lyell, Antiquity of Man^ p. 86, and in Man^s Place in

Nature, The second (Pig. 4) is the skull from the cavern

of Spy in Belgium (De Puydt and Lohest, Gompte Rendu
du Gongres de Namur, 1886). The foreheads of these

two skulls have an ape like form, obvious on comparison

with the simian skulls of the gorilla and other apes,

and visible even in the small-scale figures in the Plate,

Pig. 2. Among modern tribes of mankind the forehead

of the Australian aborigines makes the nearest approach to

this type, as was pomted out by Huxley. This brief

description wiU serve to show the importance of a later

discovery. At Trinil, in Java, in an equatorial region

where, if anywhere, a being intermediate between the

higher apes and man would seem likely to be found, Dr
Dubois in 1891-92 excavated from a bed, considered by
him to be of Sivalik formation (Pliocene), a thighbone
which competent anatomists decide to be human, and a
remarkably depressed calvaria or skull-cap (Pig. 5), bearing

a certain resemblance in its proportions to the correspond-

ing part of the simian skuU. These remains were referred

by their discoverer to an animal intermediate between man
and ape, to which he gave the name of Pithecanthropus
erectus, but the interesting discussions on the subject

showed divergence of opinion among leading anatomists.

At any rate, classing the Trinil skull as human, it may
be described as tending towards the simian type more
than any other known (Bug. Dubois, Pithecanthropus
erectuSj Batavia, 1894 ;

Trans, of Royal Dublin Soc, vol
vi 1898 ; Jomnal Ardb/ropological Institute, vol. xxv. p.

240 ; Nature, vol IL 1895).

P 0 L O G Y
Development of Civilization,— In lecent years no

such fundamental alteration has taken place in scientific

views as to man’s age on the earth, as had been brought

about previously by the extension of his antiquity back

from history into geology. It was an immense change in

current opinion to substitute for a chronology of centuries

a vague computation of hundreds of thousands of years.

The new views, however, met with comparatively little

opposition, partly because the way had been already

broken by geology assigning to the strata of the earth an
incalculable antiquity, and still more because the extension

of the human period was no merely speculative doctrine,

but rested on visible fact. It was an object-lesson on the

largest scale to look across a valley like that of the

Thames, and to imagine the vast time required for its

excavation by the waters since the river drift -gravels

were left high on the slopes, containing rude stone

implements lying with the bones of the mammoth and
rhinoceros, which plainly showed man to have been their

contemporary. These stone implements in the Quaternaiy

drift-gravels, and other relics of human ait in the cave

deposits, while furnishing the main proof of man’s high

antiquity, contain also evidence of his then state of

culture His drawings on bone or tusk found in the

caves show no mean artistic power, as appears by the three

specimens copied in the Plate. That representing two

deer (Fig. 6) was found so early as 1852 in the breccia

of a limestone cave on the Charente, and its importance

recognized in a remarkable letter by Prosper Merimee,

as at once historically ancient and geologically modem
{Gongres d^Anthropologic et d’Archeologie Pr%historique%

Copenhagen, 1869, p. 128). The other two are the famous
mammoth from the cave of La Madelaine, on which the

woolly mane and huge tusks of Elephas primigenius are

boldly drawn (Fig. 7) ;
and the group of man and horses

(Pig, 8). There has been found one other contemporary por-

trait of man, where a himter is shown stalking an aurochs.

That the men of the Quaternary period knew the savage

art of producing fire by friction, and loasted the flesh on
which they mainly subsisted, is proved by the fragments
of charcoal found in the cave deposits, where also occur

bone awls and needles, which indicate the wearing of

skin clothing, like that of the modem Australians and
Fuegians. Their bone lance-heads and dart-points were
comparable to those of northern and southern savages.

Particular attention has to be given to the stone imple-

ments used by these earliest known of mankind. The
division of tribes in the stone implement stage into two
classes, according to their proficiency in this most
important art, furnishes in some respects the best means
of determining their rank in general culture. In order to

put this argument cleaily before the reader, a few selected

implements are figured in the Plate. The group in Fig. 9

contains tools and weapons of the Neolithic or New Stone

Age, such as are dug up on European soil
;
they are evident

relics of ancient populations who used them till replaced

by metal. The stone hatchets are symmetrically shaped

and edged by grinding, while the cutting flakes, scrapers,

spear and arrow heads, are of high finish. Direct knowledge
of the tribes who made them is scanty, but implements so

similar in make and design having been in use in North
and South America until modern times, it may be assumed
for purposes of classification that the Neolithic peoples of

the New World were at a similar barbarous level in

industrial arts, social organization, moral and religious

ideas. Such comparison, though needing caution and
reserve, at once proved of great value to anthropology.
When, however, there came to light from the drift-gravels

and limestone caves of Europe the Palaeolithic imple-
ments, of which some types are shovm in the group (Fig.
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10), the difficult problem presented itself what degree of
general culture these rude implements belonged to. On
mere inspection, their rudeness, their unsuitability for
being hafted, and the absence of shaping and edging by
the grindstone, mark their inferiority to the Neohthic
implements. Their immensely greater anti(][uity was
proved by their geological position and their association
with a long extinct fauna, and they were not, like the
Neoliths, recognizable as corresponding closely to the
implements used by modern tribes. There was at first a
tendency to consider the Palseoliths as the work of men
luder than savages, if, indeed, their makers were to be
accounted human at all. Since then, however, the problem
has passed into a more manageable state. Stone imple-
ments, more or less approaching the European Palaeolithic
type, were found in Africa from Egypt southwards, where
in such parts as Somaliland and Cape Colony they he about
on the ground, as though they had been the rough tools
and weapons of the rude inhabitants of the land at no very
distant period. The group in Fig. 11 in the Plate shows
the usual Somaliland types. These facts tended to remove
the mystery from Palaeolithic man, though too little is

known of the ruder ancient tribes of Africa to furnish
a definition of the state of culture which might have
co-existed with the use of Palaeolithic implements. In-
formation to this purpose, however, can now be fmnished
from a more outlying region. This is Tasmania, where,
as in the adjacent continent of Australia, the survival of
marsupial animals indicates long isolation from the rest of
the world. Here, till far on into the 19th century, the
Englishmen could watch the natives striking off flakes of

stone, trimming them to convenient shape for grasping
them in the hand, and edging them by taking off successive

chips on one face only. The group in Fig. 12 shows
ordinary Tasmanian forms, two of them being finer

tools for scraping and grooving. (For further details

reference may be made to H. Ling Both, The T(U7rianians,

2nd ed. 1899 ; K. Brough Smyth, Ahorigmes of Victoria,

1878, vol. ii. ; Papers and Proceedings of Royal Society

of Tasraania ; and papers by the present writer in Journal

of the Anthropological Institute.) The Tasmanians, when
they came in contact with the European explorers and
settlers, were not the broken outcasts they afterwards

became. They were a savage people, perhaps the lowest

in culture of any known, but leading a normal, self-

supporting, and not unhappy life, which had probably

changed little during untold ages. The accounts, im-

perfect as they are, which have been preserved of their

arts, beliefs, and habits, thus present a picture of the

arts, beliefs, and habits of tribes whose place m the Stone

Age was a grade lower than that of Palaeolithic man of

the Quaternary period.

The Tasmanian stone implements, figured in the Plate,

show their own use when it is noticed that the rude chip-

ping forms a good hand-grip above, and an effective edge

for chopping, sawing, and cutting below. But the absence

of the long-shaped implements, so characteristic of the

FTeolithic and Palaeolithic series, and serviceable as picks,

hatchets, and chisels, shows remarkable limitation in the

mind of these savages, who made a broad, hand-grasped knife

their tool of aU work to cut, saw, and chop with. Their

weapons were the wooden club or waddy notched to the

grasp, and spears of sticks,' often crooked but well balanced,

with points sharpened by tool or fixe, and sometimes

jagged. Ho spear-thrower or bow and arrow was known.

The Tasmanian savages were crafiy warriors and kangaroo-

hunters, and the women climbed the highest trees by
notching, in quest of opossums. Shell-fish and crabs were

taken, and seals knocked on the head with clubs, but ,

neither fish-hook nor fishing-net was known, and indeed I

swimming fish weie avoided as food. Meat and vegetable
food, such as fern-root, was broiled over the fire, but
boiling in a vessel was unknown. The fire was produced

I

by the ordinary savage fire-drill. Ignorant of agriculture,
with no dweUings but rough huts or breakwinds of sticks
and bark, vdthout dogs or other domestic animals, these
savages, until the coming of civilized man, roamed after food
within their tribal bounds. Logs and clumsy floats of
bark and grass enabled them to cross water under favour-
able circumstances. They had clothing of skins rudely
stitched together with bark thread, and they were
decorated with simple necklaces of kangaroo teeth, shells,
and berries. Among their simple arts, plaiting and
basket-work was one in which they approached the civilized
level. The pictorial art of the Tasmanians was poor and
childish, quite below that of the Palseolithic men of
Europe. The Tasmanians spoke a fairly copious agglu-
tinating language, well marked as to parts of speech,
syntax, and inflexion. Numeration was at a low level,

based on counting fingers on one hand only, so that the
word for man (puggana) stood also for the number 5.

The religion of the Tasmanians, when cleared from ideas
apparently learnt from the whites, was a simple form of

animism based on the shadow (warrawa) being the soul or
spirit. The strongest belief of the natives was in the power
of the ghosts of the dead, so that they carried the bones of
relatives to secure themselves from harm, and they fancied
the forest swarming with malignant demons. They placed
weapons near the grave for the dead friend’s soul to use,

and drove out disease from the sick with the intruding
ghost which had caused it. Of greater special spirits of

Nature we find something vaguely mentioned. The earliest

recorders of the native social life set down such features as

their previous experience of rude civilized life had made
them judges of. They notice the self-denying affection of

the mothers, and the hard treatment of the wives by the
husbands, polygamy, and the shifting marriage unions.

But when we meet with a casual remark as to the tendency
of the Tasmanians to take wives from other tribes than
their own, it seems likely that they had some custom of

exogamy which the foreigners did not understand. Meagre
as is the information preserved of the arts, thoughts, and
customs of these survivors from the lower Stone Age, it

is of value as furnishing even a temporary and tentative

means of working out the development of culture on a

basis not of conjecture but of fact. (e. b. t.)

Anthropometry is a system of identif3ring and
classifying individuals by measurement, invented for

police purposes about 1880 by M. Bertillon of the Service

de la SHrete or criminal department of the prefecture of

police in Paris, and since adopted in some form by nearly

every civilized government. The system rests upon two
assumptions, which may be taken to have been proved.

The first is that the dimensions of certain bones and bony
structures remain practically constant in the individual

throughout adult life ;
and the second is that such

dimensions vary so much in different persons that if

several bones be measured very few individuals will be

found to have all the measurements absolutely the same.

Taken together, these facts provide the basis for an exact

method of identifying at any future time a person who
has once been measured, and of distinguishing between

that person and others. Such a method might obviously

be useful in any situation in which it is desirable to

establish identity or prevent personation, but its most

important application is in dealmg with crime, and

especially with “recidivists” or old offenders who have

been previously convicted, and who endeavour to escape

recognition by giving false accounts of themselves, and by
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every otlier means in tlieir power. In tlie case of small com-

munities and local crime personal identification is usually

a simple matter and presents little difficulty to the police,

who are more or less familiar with all the persons with

whom they are called upon to deal
j

hut it becomes

difficult or impossible with persons who travel from place

to place, as the more important professional criminals do,

and in great cities by sheer excess of numbers. Previously

to the introduction of the Bertillon system the means

relied upon were (1) the memory of warders and police-

men, who often had to travel to distant places to view

prisoners, (2) photographs, (3) written descriptions, with

special reference to marks or other peculiarities. These

things have their uses still, but by themselves they formed

a very imperfect means of identification. The chief

defects in practice were (1) frequent failure to identify,

(2) liability to mis-identification—^not very common but

of the greatest importance to the innocent, (3) time, labour,

and expense involved in searching records and circulating

descriptions.

Anthropometry was designed to overcome all these

defects. The great advantage claimed for it lies in the

systematic recording on a uniform plan of the distinctive

features of each criminal, and the classification of these

records on the numerical basis afforded by measurement.

The principle of classification maybe explained as follows :

—

Five dimensions are taken as a basis, namely (1) length of

head, (2) breadth of head, (3) length of left middle finger,

(4) length of left foot, (5) length of left forearm. These
were chosen by M. Bertillon chiefly on the ground that

they are the most constant in the individual and the

easiest to take accurately
;
but they may be varied with-

out affecting the principle. Each of these is then divided

into three classes :—(1) long, (2) medium, (3) short. Thus
heads upwards of 191 millimetres in length are classed

“long,” those of 185 to 190 millimetres are “medium,”
and those of less than 185 are “short.” Similarly with
the breadth of head, length of middle finger, and so on.

This division of the five dimensions into three classes

each gives 3^ or 243 classes, which are assumed to be
approximately equal. Supposing, now, it is required

to keep a register of 90,000 criminals, as contemplated
by M. Bertillon, each represented by a card containing

personal details, photograph, and qther particulars. The
first division by length of head will divide the 90,000
cards into three sections of 30,000 each; these are sub-

divided by breadth of head into nine subsections of

10,000 each, and again by the remaining measurements
successively into 27 sets of 3300 each, 81 of 1100 each,

and 243 of 370 each. The cards are kept in a cabinet,

which is divided into sections and subsections corre-

sponding to the measurements described, and eventually
into drawers, representing the last subdivision. There
are, therefore, 243 drawers, each containing about 370
cards. Then a further subdivision of the cards in each
drawer is given by the height, the length of the little

finger, and lastly by the colour of the eye. The height
gives three subdivisions of 124 each, which are
further divided into groups of 41 by the little finger,

and finally into packets of 6 by the colour of the
eye, of which seven varieties are distinguished. The
practical working of the system can be readily understood.
A prisoner is bro^ht into the Prefecture; the police

require to know his record, and whether previously con-
victed or not. He gives a name which is not found in
the alphabetical register, kept in addition to the anthro-

pometric register. Let us suppose that the name is false,

and that he is really an old offender. In order to find out
it is necessary to search the records. It is here that the
anthropometric classification comes in. Instead of search-

ing through photographic albums and voluminous records,

at the cost of much time and labour, and with a doubtful

result, the authorities can, theoretically at least, lay their

hands with certainty on the document required within a
few minutes even among 90,000 others. The man is

measured, and his head-length is found to be over 191

millimetres. He therefore falls under the “longs,” and
two-thirds of the registration cabinet, or 60,000 records,

are at once eliminated. The head-breadth in like manner
eliminates 20,000 more

;
and so on until the search comes

down to a bundle of six or so, among which the suspect’s

card is found, with photograph, description, &c. The
whole thing is entirely independent of names. The actual

identification is made by means of the photograph and
distinctive marks, if any. Some additional measurements,
including the dimensions of the ear, are taken by M. Ber-

tillon, but they are not essential. The system is still

undergoing modification and improvement by the intro-

duction of new features. An important addition is the

finger-print process, described below.

The weak point in the system is the margin which has

to be allowed for error in the measurements. M. Bertillon

himself allows 1 millimetre, but with less skilful or less

careful officers than those at the Paris Prefecture it may be

necessary to allow more. This introduces a doubt into the

classification, rendering it uncertain to which of two sec-

tions measurements near the dividing line really belong, and
so increasing the area of search to a corresponding degree.

In practice, however, the system has proved highly

successful in France. A striking result is the great

diminution in the number of habitual criminals who
attempt to evade recognition

;
the inference is that they

have learnt to regard the endeavour as futile.

In 1893 a departmental committee was appointed by
the British Home Office to inquire into the anthropometric
system and also into finger-prints. It reported in the fol-

lowing year, recommending the adoption of anthropometric
classification by means of the five primary measurements
described above; but for the further classification and
actual identification it recommended the finger-print

system elaborated by Mr Francis Galton in preference

to the Bertillon secondary measurements, as being more
scientific and more accurate. These recommendations were
provisionally adopted with some modifications, and have
been in use in England ever since. The actual measure-
ments now taken are the following :—(1) head length, (2)
head breadth, (3) face breadth, (4) left middle finger,

(5) left cubit, (6) left foot, (7) height. These are entered

on a form together with other details, including age,

name, complexion, hair, eyes, and distinctive marks.

The prisoner's photograph is also affixed in a space left

vacant for the purpose. The reverse side of the same
piece of paper is devoted to the finger-prints. Impres-

sions of the thumb and four fingers of each hand are

taken, both with the fingers together and each in a
separate space. The papers are classified and arranged

in sections to form a register in the manner already

explained. It is to be noted, however, that owing to

difference of judicial procedure the system is carried out

in a somewhat different way in Great Britain, and is used
to a much less extent than in France. The French law
permits the arrest, detention, and interrogation of persons

on mere suspicion, and the identification of “recidivists
”

at this stage is of great importance, because it places a
powerful weapon in the hands of the police and of the
examining magistrate in working up the case. It is also

important for the protection of the innocent. All persons
arrested are therefore measured at once by the police as
a matter of routine, and this is done by specially trained
and skilled officers at the identification bureau. The
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English, law only permits it to be done to persons com-
mitted for trial or under remand at the formal request of
a chief constable. The measurements, therefore, are not
^ken by the police, but by prison olBSicials, and the system
is only applied to a comparatively small number of
criminals. It is carried out, however, under the super-
vision of a central office attached to the metropolitan
police, where the register is kept. Some 200 officers in
the different gaols throughout the United Kingdom have
been instructed in Anthropometry. In Glasgow it is used
by the police.

Finger Prints,—^In 1823 Purkenje, the eminent physio-
logist of Breslau, drew attention to the subject of finger

impressions. He distinguished nine types, and suggested
a system of classification, but it was not followed up.
The first practical application of the method was made by
Sir William Herschel, of the Indian Civil Service, who
introduced it into the district of Hooghly, in Bengal, as

a means of identification, to meet the practice of persona-

tion prevalent in all the courts. He wrote a report

recommending its general adoption in India, but his

advice was not followed, and the practice lapsed in the

Hooghly district after his departure. The subject was
afterwards taken up as an anthropological study by Mr
Francis Galton, and very fully worked out. It is thus

explained in brief by Mr G. B. Henry, inspector-general

of police, Lower Provinces :

—

The palmar smface of the hand and the sole of the foot aie

traversed by inumneiahle ridges, foiming many varieties of pattern,

and by creases. The ridge patterns and the ridge cJutraUeristics

peisist throughout the whole period of human hfe, and are so dis-

tinctive as to differentiate each individual fiom all others. An
accurate reproduction of these ridges is obtained by inking the finger

bulb and pressing it on paper, the impiession thus lecorded being
a revel sal of the pattern on the finger. All impressions may be
arranged under one of four types, namely, aiches, loops, whorls,

composites. Aiches subdivide into aiches and tented arches;

clear definitions demaicate arches from tented arches, and both
from loops. Loops may be vXnar or radial, and are further differ-

entiated from each other by ridge counting and by their ridge

characteristics. Whorls are single- or double-cored ;
impressions of

this type differ conspicuously from each other, owing to the in-

numerable varieties of pattern they present, but fuither demarca-
tion is provided by ridge tracing. Composites include central

pockets, lateral pockets, twinned loops, accidentals.

From this it will be seen that the classification is

somewhat complicated and technical. For further explana-

tion and for the practical application of the method the

reader is referred to Mr Henry’s book on Finger Prints

(1900).

In 1892 Anthropometry was introduced into Bengal,

and then into other provinces
;
but after some years’ ex-

perience certain defects in working became apparent, and

attention was turned to the alternative use of finger-prints,

on which the Home Office, as previously mentioned, had
reported favourably in 1894. Experiments in identifica-

tion by finger-prints only were made in Bengal, and were

so successful that in 1897 the government of India

appointed a committee to examine both systems. It

recommended the adoption of finger-prints on the Bengal

plan as being superior to the anthropometric method

—

(1) in simplicity of working
; (2) in the cost of apparatus

;

(3) in the fact that all skilled work is transferred to a

central or classification office; (4) in the rapidity with

which the process can be worked
;
and (5) in the certainty

of the results.” Various theoretical objections to finger-

prints have been raised, but they have no particular value.

Obliteration of the ridges by injury is possible, but it

would in itself be suspicious, and would constitute a most
distinctive personal mark ;

obscuration by manual labour

is not found to be a serious drawback. In June 1897 a

resolution of the governor-general in council directed the

adoption of the finger-print system throughout India, and
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its gradual substitution for the previously existing anthro-
pometric system has since been carried out. Its use is not

confined to the police department, but extends to all

branches of public business.

It is probable that different systems may suit different

conditions. Foreign governments now use for police

purposes combinations of Anthropometry and finger-prints

similar to that adopted in England. There aie minor
differences, but the systems are sufficiently alike to be
available for dealing with international crime. The full

advantage of scientific identification, however, will not be
reaped until judicial procedure recognizes more clearly the

distinction between professional and accidental criminals.

On this point the committee of 1894 remarked :
—“As

there are some criminals who ought never to be sent to

prison, there are others who ought never to be released

;

and when this distinction is established and provided for

by legislation, it will be of even greater importance than
at present to have an exact record of each criminal’s

offences.”

Litehatuee. — Bektillon.— Pistructions Signalet iqucs.

Hene-Y.—Classification and Uses of Fmger Prints. Speaiiman.

—

Fortnightly Eemew, Maxell 1890 ;
New Beview, July 1893. Blue

Book.—“Report on best Means available for identifying Habitual
Criminals,” 1894. (a, sl)

AntibeSp a small seaport of France, department of

Alpes Maritimes, in the arrondissement of Grasse, 11
miles in direct line S.S.W. of Hice, on the railway from
Toulon to Nice. The ramparts are being demolished.

A state horticultural college was established in 1891.

Industries include perfume’distilling. Population (1881),

3810
; (1891), 4926

; (1896), 4956
; (1901), 6600,

AntiCOStii a barren island of Quebec, Canada,
situated in the northern portion of the Gulf of St
Lawrence. It has been converted into an immense
preserve for game of all kinds.

Antig'Oy a city of Wisconsin, U.S.A., the capital of

Langlade county, situated in the north-eastern part of the

state, on a branch of the Chicago and North-Western rail-

way, at an altitude of 1483 feet. Its industries consist

mainly in the manufacture of lumber. Population (1885),

1979; (1895), 5002; (1900), 5145.

Antigrua, an island of the British West Indies, the

largest member of the outer coralline chain, east of Nevis
and north of Montserrat, with an area of 108 square miles.

In 1881 the population was 34,000, and in 1891, 36,200,

St. John, the capital, containing 7938. It forms, with

Barbudaand Eedonda,oneof the five presidencies intowhich
the Leeward group is divided, and is the seat of the general

governing body. The local legislative council ceased to

send four unofficial members to the Federal Legislative

Council in 1898, when the legislature, in consideration

of pecuniary assistance from the British Government,

passed an act abrogating the semi-elective constitution

which had existed since 1866. The island is now, like

the other presidencies of the Leeward Islands colony,

administered as a Crown Colony, and the legislative

council consists of eight official and eight non-official

members, all nominated by the governor. Education is

by law compulsory, and there are many elementary schools

throughout the island. There is a grammar school for

boys and one for girls, and the Cambridge local examina-

tions are held annually, as are the examinations of the

University of London. Agricultural training is given

under the Government at Skerrett’s school. The Mico

training institution was closed in 1899, and students are

now trained in the Mico training college in Jamaica.

The Anglican, Wesleyan, and Moravian churches are the
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most niuneroTis, There is a small volunteer defence force.

The island has direct steam communication with Great

Britain, New York, and Canada, and is connected with

the West India and Panama Telegraph Company’s cable.

The decline of the sugar industry has had a serious effect

on the prosperity and public finances of the island ; and,

as in many other West Indian colonies, considerable

retrenchments in public expenditure had to be effected

during the last few years of the century, which were also

marked by hurricane and drought. Sweet potatoes, yams,

maize, and guinea-corn are grown for home consumption,

and pine-apples are exported to a small extent. The

lands were in 1899 classified as follows:—Cultivated in

sugar-cane, 14,860 acres
;
other crops, 1660 acres

;
pasture,

22,350; uncultivated, 19,910; mountain and waste land,

10,495 ;
total (estimated) 69,275 acres. In 1896 the

exports, chiefly cane-sugar and pine-apples, were <£131,000

;

in 1898, £79,000 ;
and in 1899, £121,832. The imports

in 1896 were £135,600; in 1898 they fell to £105,000,

but in 1899 they showed improvement, standing at

£109,031. The revenue in 1899 was £42,822, and the

expenditure £51,959. The debt stood at £137,500 in

1900. Trade is chiefly with the United States. The
tonnage entered and cleared at the various ports of the

island was in 1898—steam, 409,122 (all British); sailing,

20,046 (of which 13,612 was British).

The islands Barbuda (680) and Bedonda (120) produce

phosphates of alumina.

Antilles, a term of somewhat doubtful origin now
generally used, especially by foreign writers, as synony-

mous with the expression “West India Islands.” Like

“Brazil,” it dates from a period anterior to the discovery

of the New World, “ Antilia ” being one of those mysterious

lands of the Gloomy Ocean, which figured on the mediaeval

charts sometimes as an archipelago, sometimes as continu-

ous land of greater or lesser extent, constantly fluctuating

in mid-ocean between the Canaries and East India. But
it came at last to be identified with the land discovered

by Columbus. Later, when this was found to consist of

a vast archipelago enclosing the Caribbean sea and Gulf
of Mexico, Antilia assumed its present plural form,

Antilles, which was collectively applied to the whole of

ANTI-SE

I
N the political struggles of the concluding quarter of

the 19th century an important part was played by a
religious, political, and social agitation against the Jews,
known as “ Anti-Semitism.” The origins of this remark-
able movement already threaten to become obscured by
legend. The Jews contend that anti-Semitism is a mere
atavistic revival of the Jew-hatred of the Middle Ages.
The extreme section of the anti-Semites, who have given
the movement its quasi-scientific name, declare that it is a
racial struggle—^an incident of the eternal conflict between
Europe and Asia—^and that the anti-Semites are engaged
in an effort to prevent what is called the Aryan race from
being subjugated by a Semitic immigration, and to save
Aryan ideals from being modified by an alien and
demoralizing oriental Anschamung* There is no essential

foundation for either of these contentions. Eeligious
prejudices reaching back to the dawn of history have been
reawakened by the anti-Semitic agitation, but they did
not originate it, and they have not entirely controlled it.

The alleged racial divergence is, too, only a Hnguistic hypo-
thesis on the physical evidence of which anthropologists
are not agreed (Topinard, Anthropologie, p. 444 ; Taylor,
Origins of Aryans, cap. i.), and, even if it were proved,

this archipelago. This theory fails to account for the

origin of the term itself, which is supposed by some to be

a corrupt form of the still older and more famous Atlantis,

For the islands and groups now comprised under this

designation, see West Indies, and the separate entries

—

Cuba, Jamaica, &c.

Antioch, (1) on the Orontes. The modern town,

Antdhia, stands in the north-western ^quarter of the

ancient city, on the left bank of the el-Asi, Orontes, on

level ground at the foot of the rugged range of Mount
Casius. More than half the town was destroyed by an

earthquake in 1872, and the houses were rebuilt with

material from the old walls. A marshy lake, in the fertile

plain to the north, makes the town unhealthy, and the

trade, in maize and liquorice root, is small. There is a

British vice-consulate. The population consists of Moslems

and Ansarieh, 16,000; Christians and Jews, 8000.

(2) PisiDiAN Antioch was situated on the lower southern slopes

of the Sultan Bagh, about mile east of Yalovach, in the Konia
vilayet of Asia Minor, on the light bank ot a stream, ancient

AntJvms, which flows into the Hoiran Geul. It was probably

founded, on the site of a Phrygian sanctuary, by Seleucus Nicator,

301-280 B.O., and was made a free city by the Komans in 189

B.c. It was a thoroughly Hellenized, Gieek-speakmg city, in

the midst of a Phrygian people, with a mixed population that

included many Jews. Befoie 6 b.c. Augustus made it a colony with

the title Caesarea, and connected it with Lystra by the “Royal
Road.” Under Claudius, a.d. 41-54, when visited by Paul and
Barnabas it was the civil and military centre of South Galatia, and
a place of importance. In 1097 the Giusaders found rest and
shelter within its walls. The ruins are interesting, and show that

Antioch was a strongly-fortified city of Hellenic and Roman type

(Ramsay, BU Faul the Traveller: Historical Commentary on the

Qalahcms, 1899).

Antioqula^ a department of the republic of

Colombia, bounded on tbe N. by the Colombian depart-

ments of Bolivar and Cauca, on the E. by that of San-

tander and Boyaca, on the S. by those of Tolima and
Cauca, and on the W. by Cauca. It has an area of

22,316 sq. miles, and its population is roughly estimated

at about 500,000. The population of the capital,

Medellin, is estimated at 40,000. The other principal

towns are Marinilla, Sonson, Salamina, Santa Kosa, and
Puerto Berrio.

MITISM.
it has existed in Europe for so many centuries, and so

many ethnic modifications have occurred on both sides,

that it cannot be accepted as a practical issue. It is true

that the ethnographical histories of the Jews and the

nations of Europe have proceeded on widely diverging

lines, but these lines have more than once crossed each other

and become interlaced. Thus Aryan elements are at the

beginnings of both; European morals have been ineradicably

semitized by Christianity, and the Jews have been Euro-

peans for over a thousand years, during which their

character has been modified and in some respects trans-

formed by the ecclesiastical and civil polities of the nations-

among whom they have made their permanent home-

Anti-Semitism is then exclusively a question of European

politics, and its origin is to be found, not in the long

struggle between Europe and Asia, or between the Church

and the Synagogue, which filled so much of ancient and
mediaeval history, but in the social conditions resulting

from the emancipation of the Jews in the middle of the

19th century.

If the emancipated Jews were Europeans in virtue of

the antiquity of their western settlements, and of the

character impressed upon them by the circumstances of
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their European history, they none the less presented the
appearance of a strange people to their Gentile fellow-
countrymen. They had been secluded in their ghettos for
centuries, and had consequently acquired a physical and
moral physiognomy differentiating them in a measure
from their former oppressors. This peculiar physiognomy
was, on its moral side, not essentially Jewish or even
Semitic. It was an advanced development of the main
attributes of civilized life, to which Christendom in its

transition from feudalism had as yet only imperfectly
adapted itself. The ghetto, which had been designed as
a sort of quarantine to safeguard Christendom against the
Jewish heresy, had in fact proved a storage chamber for
a portion of the political and social forces which were
destined to sweep away the last traces of feudalism from
central Europe. In the ghetto, the pastoral Semite, who
had been made a wanderer by the destruction of his
nationality, was steadily trained, through centuries, to

become an urban European, with all the parasitic activities

of urban economics, and all the democratic tendencies of

occidental industrialism. Excluded from the army, the
land, the trade corporations, and the artisan guilcls, this

quondam oriental peasant was gradually transformed into

a commercial middleman and a practised dealer in money.
Oppressed by the Church, and persecuted by the State, his

theocratic and monarchical traditions lost their hold on
his daily life, and he became saturated with a passionate

devotion to the ideals of democratic politics. Finally,

this former bucolic victim of Phoenician exploitation had
his wits preternaturally sharpened, partly by the stress of

his struggle for life, and partly by his being compelled in

his urban seclusion to seek for recreation in literary exer-

cises, chiefly the subtle dialectics of the Talmudists (Loeb,

Juif de VMisioire; Jellinek, Jvdische Stamm), Thus,

the Jew who emerged from the ghetto was no longer a
Palestinian Semite, but an essentially modern European,

who differed from his Christian fellow-countrymen only

in the circumstances that his religion was of the older

Semitic form, and that his physical type had become
sharply defined through a slightly more rigid exclusive-

ness in the matter of marriages than that practised by
Protestants and Eoman Catholics (Andree, Yolh^hmde
der Juden^ p. 58).

Unfortunately, these distinctive elements, though not

very serious in themselves, became strongly accentuated

by concentration. Had it been possible to distribute the

emancipated Jews uniformly throughout Christian society,

as was the case with other emancipated religious denomi-

nations, there would have been no revival of the Jewish

question. The Jews, however, through no fault of their

own, belonged to only one class in European society—^the

industrial hcm'geoisie. Into that class aU their strength

was thrown, and owing to their ghetto preparation, they

rapidly took a leading place in it, poKtically and socially.

When the mid-century revolutions made the homgeoisie

the ruling power in Europe, the semblance of a Hebrew
domination presented itself. It was the exaggeration of

this apparent domination, not by the haargeoisie itself,

but by its enemies among the vanquished reactionaries

on the one hand, and by the extreme Kadicals on the other,

which created modern anti-Semitism as a political force.

The movement took its rise in Germany and Austria.

Here the concentration of the Jews in one class of the

population was aggravated by their excessive numbers.

While in France the proportion to the total population

was, in the early ’seventies, 0T4 per cent., and in Italy,

0T2 per cent., it was 1*22 per cent, in Germany, and
3*85 per cent, in Austria-Hungary

j
Berlin had 4*36 per

cent, of Jews, and Vienna 6*62 per cent. (Andree, Tolhs-

hinde, pp. 287, 291, 294, 295). The activity of the Jews

consequently manifested itself in a far moie intense form
in these countries than elsewhere. This was apparent even
before the emancipations of 1848. Towards the middle of
the 18th century, a limited number of wealthy
Jews had been tolerated as Schufs-J'uden outside

Germany,

the ghettos, and their sons, educated as Germans under
the influence of Moses Mendelssohn and his school (Jews,
Modern, Ency. Brit, xiii. p, 680), supplied a majority of
the leading spirits of the i evolutionary agitation. To this

period belong the formidable names of Ludwig Boerne
(1786-1837), Heinrich Heine (1799-1854), Edwaid Ganz
(1798-1839), Gabriel Eiesser (1806-1863), Feidinand
Lassalle (1825-1864), Karl Marx (1818-1883), Moses Hess
(1812-1875), Ignatz Kuranda (1811-1884), and Johann
Jacoby (1805-1877). When the revolution was completed,
and the Jews entered in a body the national life of

Germany and Austria, they sustained this high average
in all the intellectual branches of middle-class activity.

Here again, owing to the accidents of their history, a
further concentration became apparent. Their activity

was almost exclusively intellectual. The bulk of thehi

flocked to the financial and the distributive (as distinct

from the productive) fields of industry to which they had
been confined in the ghettos. The sharpened faculties of

the younger generation at the same time carried every-

thing before them in the schools, with the lesult that

they soon crowded the professions, especially medicine,

law, and journalism (Nossig, Statistik des J’ud, Stammes^

pp. 33-37
)

Jacobs, Jew, Statistics^ pp. 41-69). Thus
the ^‘Semitic domination,” as it was afterwards called,

became every day more strongly accentuated. If it was a
long time in exciting resentment and jealousy, the reason
was that it was in no sense alien to the new conditions of
the national life. The competition was a fair one. The
Jews might be more successful than their Christian

fellow- citizens, but it was in virtue of qualities which
complied with the national standards of conduct. They
were as law-abiding and patriotic as they were intelligent.

Crime among them was far below the average (Nossig,

p. 31). Their complete assimilation of the national spirit

was brilliantly illustrated by the achievements in German
literature, art, and science of such men as Heinrich Heine
and Berthold Auerbach (1812-1882), Felix Mendelssohn
(1809-1847), and Jacob Meyerbeer (1794-1864), Jacoby
the mathematician (1804-1851), Valentin the physio-

logist (1808-1883), and Lazarus (b. 1824) and Steinthal

(1823-1892) the national psychologists. In politics, too,

Edward Lasker (1829-1884) and Ludwig Bambeiger
(b. 1823) had shown how Jews could put their country

before party, when, at the turning-point of German
Imperial history in 1866, they led the secession from the

Fortschritts-Partei and founded the National Liberal

party, which enabled Prince Bismarck to accomplish

German unity. Even their financiers were not behind

their Christian feUow-citizens in patriotism. Prince

Bismarck himself confessed that the money for carrying

on the 1866 campaign was obtained from the Jewish

banker Bleichroeder, in face of the refusal of the money-
market to support the war. Hence the voice of the old

Jew-hatred—^for in a weak way it was still occasionally

heard in obscurantist corners—^was shamed into silence,

and it was only in the European twilight—^in Eussia and

Eumania—^and in lands where medisevalism still lingered,

such as northern Africa and Persia, that oppression and

persecution continued to dog the steps of the Jews.

The signal for the change came in 1873, and was given

unconsciously by one of the most distinguished Jews

of his time, Edward Lasker, the gifted lieutenant of

Bennigsen in the leadership of the Hational Liberal

party. The unification of Germany in 1870, and the
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rapid payment o£ tlie enormous French War indemnity,

had given an unprecedented impulse to industrial and

financial activity throughout the empire. Money became

cheap and speculation became universal. A company

mania set in which was favoured by the Government, who
granted railway and other concessions with a prodigal

hand. The inevitable result of this state of things was

first indicated by Jewish politicians and economists. On
the 14th January 1873, Edward Lasker called the atten-

tion of the Prussian Diet to the dangers of the situation,

while his colleague, Ludwig Bamberger, in an able article

in the FreusmcJien Jahrhucher^ condemned the policy

which had permitted the milliards to glut the country

instead of being paid on a plan which would have

facilitated their gradual digestion by the economic

machinery of the nation. Deeply impressed by the

gravity of the impending crisis, Lasker instituted a search-

ing inquiry, with the result that he discovered a series of

grave company scandals in which financial promoters and

aristocratic directors were chiefiy involved. Undeterred

iSy the fact that the leading spirit in these abuses. Bethel

Henry Strousberg, was a Jew, Lasker presented the

results of his inquiry to the Diet on the 7th February

1873, in a speech of great power and full of sensational

disclosures. The dramatic results of this speech need

not be dwelt upon here (for details see Blum, Deutsche

Feich zur Zeit BmiwLTcks^ pp. 153-181). It must suffice

to say that in the following May the great Vienna
“ Krach ” occurred, and the colossal bubble of speculation

burst, bringing with it all the ruin foretold by Lasker

and Bamberger. From the position occupied by the

Jews in the commercial class, and especially in the

financial section of that class, it was inevitable that a
considerable number of them should figure in the

scandals which followed. At this moment an obscure

Hamburg journalist, Wilhelm Marr, who as far back as

1862 had printed a still-born tract against the Jews
(Judenspiegel\ published a sensational pamphlet entitled

Der Sieg des Judenthvms uher das GeTnmnenth'm% (“The
Victory of Judaism over Germanism The book fell

upon fruitful soil. It applied to the nascent controversy

a theory of nationality which, under the great sponsor-

ship of Hegel, had seized on the minds of the German
youth, and to which the stirring events of 1870 had already

given a deep practical significance. The state, according

to the Hegelians, should be national, and the nation should

be a unit comprising individuals speaking the same
language and of the same racial origin. Heterogeneous
elements might be absorbed, but if they could not be
reduced to the national type they should be eliminated.

This j7as the pseudo -scientific note of the new anti-

Semitism, the theory which differentiated it from the old

religious Jew-hatred and sought to give it a rational

place in modern thought. Marr’s pamphlet, which re-

viewed the facts of the Jewish social concentration with-

out noticing their essentially transitional character, proved
the pioneer of this teaching. It was, however, in the
passions of party politics that the new crusade found its

chief sources of vitality. The enemies of the hourgeaisie

at once saw that the movement was calculated to discredit

and weaken the school of Manchester Liberalism, then in
the ascendant. Agrarian capitalism, which hkd been
dethroned by industrial capitalism in 1848, and had
burnt its fingers in 1873, seized the opportunity of pay-
ing off old scores. The clericals, smarting under the
Kulturhxmpf^ which was supported by the whole body
of Jewish liberalism, joined heartily in the new cry. In
1876 another sensational pamphlet was published, Otto
Glagau’s Der Boersen vmd Ghr^^idergeschwindel in Berlin
(“ The Bourses and the Company Swindles in Berlin ”)>
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dealing in detail with the Jewish participation in the

scandals first revealed by Lasker. The agitation gradually

swelled, its growth being helped by the sensitiveness and
cacoethes scribendi of the Jews themselves, who contributed

two pamphlets and a much larger proportion of news-

paper articles for every one supplied by their opponents

(Jacobs, Bibliog. Jew. Question^ p. xi.). Up to 1879,

however, it was more of a literary than a political agitation,

and was generally regarded only as an ephemeral craze

or a passing spasm of popular passion.

Towards the end of 1879 it spread with sudden fuiy

over the whole of Germany. This outburst, at a moment
when no new financial scandals or other illustrations of

Semitic demoralization and domination were before the

public, has never been fully explained. It is impossible

to doubt, however, that the secret springs of the new
agitation were more or less directly supplied by Prince

Bismarck himself. Since 1877 the relations between the

chancellor and the bTational Liberals had gradually become
strained. The deficit in the budget had compelled the

Government to think of new taxes, and in order to cany
them through the Beichstag the support of the National

Liberals had been solicited. Until then the National

Liberals had faithfully supported the chancellor in nursing

the consolidation of the new empire, but the great dream
of its leaders, especially of Lasker and Bamberger, who
had learnt their politics in England, was to obtain a con-

stitutional and economic regime similar to that of the

British Isles. The organization of German unity was now
completed, and they regarded the new overtures of Prince

Bismarck as an opportunity for pressing their constitutional

demands. These were refused, the Beichstag was dissolved,

and Prince Bismarck boldly came forward with a new fiscal

policy, a combination of protection and state socialism.

Lasker and Bamberger thereupon led a powerful secession

of National Liberals into opposition, and the chancellor

was compelled to seek a new majority among the ultra-

Conservatives and the Boman Catholic Centre. This
was the beginning of the famous “journey to Canossa.”

Bismarck did not hide his mortification. He began to

recognize in anti-Semitism a means of “dishing^’ the

Judaized liberals, and to his creatures who assisted him
in his press campaigns he dropped significant hints in this

sense (Busch, Bismarck^ ii. 453-54, iii. 16). He even
spoke of a new Kultwrhm/pf against the Jews (ihid. ii. p.

484). How these hints were acted upon has not been
revealed, but it is sufficiently instructive to notice that

the final breach with the National Liberals took place in

July 1879, and that it was immediately followed by a
violent revival of the anti-Semitic agitation. Marr’s

pamphlet was reprinted, and within a few months ran

through nine further editions. The historian Treitschke

gave the sanction of his great name to the movement.
The Conservative and Ultramontane press rang with the

sins of the Jews. In October an anti-Semitic league

was foimded in Berlin and Dresden (for statutes of the

league see Nineteenth Centmry^ February 1881, p. 344).

The leadership of the agitation was now definitely as-

sumed by a man who combined with social influence,

oratorical power, and inexhaustible energy, a definite

scheme of social regeneration and an organization for

carrying it out. This man was Adolf Stoecker (b. 1835),
one of the Court Preachers. He had embraced the doc-

trines of Christian Socialism which the Boman Catholics,

under the guidance of Archbishop Ketteler^ had adopted
from the teachings of the Jew Lassalle (Nitti, Catholic

Socialism^ pp." 94-96, 122, 127), and he had formed a
society called “The Christian Social Working-man’s
Union.” He was also a conspicuous member of the
Prussian Diet, where he sat and voted with the Conserva-
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tives. He found himself in. strong sympathy with Prince

Bismarck’s new economic policy, which, although also of

Lassallian origin (Kohut, Ferdinaifid Lassalle^ pp. 144 et

seq.\ was claimed by its author as being essentiallyChristian

(Busch, p. 483). Under his auspices the years 1880-81
became a period of bitter and scandalous conflict with the
Jews. The Conservatives supported hi-nij partly to satisfy

their old grudges against the Liberal hourgeoide and
partly because Christian Socialism, with its anti-Semitic
appeal to ignorant prejudice, was likely to weaken the
hold of the Social Democrats on the lower classes. The
Lutheran clergy followed suit, in order to prevent the
Eoman Catholics from obtaining a monopoly of Christian

Socialism, while the Ultramontanes readily adopted anti-

Semitism, partly to maintain their monopoly, and partly to

avenge themselves on the Jewish and Liberal supporters of

the Kulturkampf. In this way a formidable body of public

opinion was recruited for the anti-Semites. Violent debates

took place in the Prussian Diet. A petition to exclude

the Jews from the national schools and universities and to

disable them from holding public appointments was pre-

sented to Prince Bismarck. Jews were boycotted and in-

sulted. Duels between Jews and anti-Semites, many of

them fatal, became of daily occurrence. Even unruly
demonstrations and street riots were reported. Pamphlets
attacking every phase and aspect of Jewish life streamed

by the hundred from the printing -i^ress. On their side

the Jews did not want for friends, and it was owing to

the strong attitude adopted by the Liberals that the

agitation failed to secure legislative fruition. The crown
prince (afterwards Emperor Frederick) and crown princess

boldly set themselves at the head of the party of protest.

The crown prince publicly declared that the agitation

was “ a shame and a disgrace to Germany.” A manifesto

denouncing the movement as a blot on German culture, a
danger to German unity, and a flagrant injustice to the

Jews themselves, was signed by a long list of illustrious

men, including Herr von Forckenbeck, Professors

Mommsen, Gneist, Droysen, Virchow, and Dr. Werner
Siemens (Times, Nov. 18, 1880). During the Keichstag

elections of 1881 the agitation played an active part, but

without much effect, although Stoecker was elected. This

was due to the fact that the great Conservative parties, so

far as their political organizations were concerned, still re-

mained chary of publicly identifying themselves with a

movement which, in its essence, was of socialistic tendency.

Hence the electoral returns of that year supplied no sure

guide to the strength of anti-Semitic convictions among
the German people.

The first severe blow suffered by the German anti-

Semites was in 1882, when, to the indignation of the whole

civilized world, the barbarous riots against the Jews in

Kussia and the revival of the mediaeval Blood Accusation in

Hungary (see infra) illustrated the liability of unreasoning

mobs to carry into violent practice the incendiary doctrines

of the new Jew-haters. From this blow anti-Semitism

might have recovered had it not been for the divisions and
scandals in its own ranks, and the artificial forms it sub-

sequently assumed through factitious alliances with poli-

tical parties bent less on persecuting the Jews than on

profiting by the anti-Jewish agitation. The divisions

showed themselves at the first attempt to form a political

party on an anti-Semitic basis. Imperceptibly the agitators

had grouped themselves into two classes, economic and

ethnological anti-Semites. The impracticable racial views

of Marr and Treitschke had not found favour with Stoecker

and the Christian Socialists. They were disposed to leave

the Jews in peace so long as they behaved themselves

properly, and although they carried on their agitation

against Jewish malpractices in a comprehensive form which
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seemed superficially to identify them with the root-and-

branch anti-Semites, they were in reality not inclined to

accept the racial theory with its scheme of revived Jewish
disabilities (Huret, La Question Sociale—interview with
Stoecker). This feeling was strengthened by a tendency
on the part of an extreme wing of the racial anti-Sem tes

to extend their campaign against Judaism to its offspring,

Christianity. In 1879 Professor Sepp, arguing that Jesus

was of no human race, had proposed that Christianity

should reject the Hebrew Scriptures and seek a fresh his-

torical basis in the cuneiform inscriptions. Later Dr
Duhring, in several brochures, notably Die Judenfrage als

Raeen, Sitten und Cultur Frage (1881), had attacked

Christianity as a manifestation of the Semitic spirit which
was not compatible with the theological and ethical con-

ceptions of the Scandinavian peoples. The philosopher

Friedrich Nietzsche had also adopted the same view with-

out noticing that it was a reductio ad ahsurdtim of the

whole agitation. (Menschliches, Allzumenschliches (1878),
Jenseits von Gut und Bose (1886), Genealogie der Moral

(1887).) With these tendencies the Christian Sociahsts

could have no sympathy, and the consequence was that

when in March 1881 a political organization of anti-

Semitism was attempted, two rival bodies were created,

the “Deutsche Yolksverein,” under the Conservative

auspices of Herr Liebermann von Sonnenberg (b. 1848)
and Herr Foerster, and the “Sociale Eeichsverein,” led

by the racial and Radical anti-Semites, Ernst Henrici

(b. 1854) and Otto Boeckl (b. 1859). In 1886, at an
anti-Semitic congress held at Cassel a reunion was effected

under the name of the “ Deutsche antisemitische Yerein,”

but this only lasted three years. In June 1889 the anti-

Semitic Christian Socialists under Stoecker again seceded.

Meanwhile racial anti-Semitism with its wholesale

radical proposals had been making considerable progress

among the ignorant lower classes. It adapted itself better

to popular passions and inherited prejudice than the more
academic conceptions of the Christian Socialists. The
latter, too, were largely Conservatives, and their points of

contact with the proletariat were at best artificial. Among
the Hessian peasantry the inflammatory appeals of Boeckl

secured many adherents. This paved the way for a new
anti-Semitic leader, Herrmann Ahlwardt (b. 1846), who,

towards the end of the ’eighties, eclipsed all the other anti-

Semites by the sensationalism and violence with which he

prosecuted the campaign. Ahlwardt was a person of evil

notoriety. He was loaded with debt. In the Manche
decoration scandals it was proved that he had acted first

as a corrupt intermediary and afterwards as the betrayer

of his confederates. His anti-Semitism was adopted

originally as a means of chantage, and it w’as only when it

failed to yield profit in this form that he came out boldly

as an agitator. The wildness, unscrupulousness, and full-

bloodedness of his propaganda enchanted the mob, and he

bid fair to become a powerful democratic leader. His

pamphlets, full of scandalous revelations of alleged mal-

practices of eminent Jews, were read with avidity. No
fewer than ten of them were written and published during

1892. Over and over again he was prosecuted for libel

and convicted, but this seemed only to strengthen his

influence with his followers. The Roman Catholic clergy

and newspapers helped to inflame the popular passions.

The result was that anti-Jewish riots broke out. At Neu-

stettin the Jewish synagogue was burnt, and at Xanton

the Blood Accusation was revived, and a Jewish butcher

was tried on the ancient charge of murdering a Christian

child for ritual purposes. The man was, of course, ac-

quitted, but the symptoms it revealed of reviving medi-

sevalism strongly stirred the liberal and cultured mind of

Germany. All protest, however, seemed powerless, and
S. I. - 6o
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the barbarian movement appeared destined to carry every-

thing before it.

German politics at this moment were in a very intricate

state. Prince Bismarck had retired, and Count Caprivi,

with a programme of general conciliation based on Liberal

principles, was in power. Alarmed by the non-renewal of

the anti-Socialist law, and by the conclusion of commercial

treaties which made great concessions to German industry,

the landed gentry and the Conservative party became

alienated from the new chancellor. In January 1892 the

split was completed by the withdrawal by the Government

of the Primary Education Bill, which had been designed

to place primary instruction on a religious basis. The
|

Conservatives saw their opportunity of posing as the party
|

of Christianity against the Liberals and Socialists, who had

wrecked the Bill, and they began to look towards Ahlwardt

as a possible ally. Ho had the advantages over Stoecker

that he was not a Socialist, and that he was prepared to
|

lead his apparently large following to assist the agrarian

movement and weaken the Social Democrats. The intrigue

gradually came to light. Towards the end of the year

Herr Liebknecht, the Social Democratic leader, denounced

the Conservatives to the Reichstag as being concerned “ in

using the anti-Semitic movement as a bastard edition of

Socialism for the use of stupid people (1st December).

Two days later the charge was confirmed. At a meeting

of the party held on 3rd December the following plank

was added to the Conservative programme : We combat

the oppressive and disintegrating Jewish influence on our

national life; we demand for our Christian people a

Christian magistracy and Christian teachers for Christian

pupils
;
we repudiate the excesses of anti-Semitism.” In

pursuance of this resolution Ahlwardt was returned to the

Reichstag at a by-election by the Conservative district of

Arnswalde-Friedeberg. The coalition was, however, not

yet completed. The intransigeant Conservatives, led by
Baron von Hammerstein, the editor of the KreuzrZeitmig^

justly felt that the concluding sentence of the resolution of

3rd December repudiating the excesses of anti-Semitism ”

was calculated to hinder a full and loyal co-operation

between the two parties. Accordingly on 9th December
another meeting of the party was summoned. Twelve
hundred members met at the Tivoli Hall in Berlin, and
with only seven dissentients solemnly expunged the

offending sentence from the resolution. The history of

political parties may be searched in vain for a parallel to

this discreditable transaction.

The capture of the Conservative party proved the high-

water mark of German anti-Semitism. From that moment
the tide began to recede. All that was best in German
national life was scandalized by the cynical tactics of the

Conservatives. The emperor, strong Christian though he
was, was shocked at the idea of serving Christianity by
a compact with unscrupulous demagogues and ignorant

fanatics. Prince Bismarck growled out a stinging sarcasm
from his retreat at Friedrichsruh. Even Stoecker raised

his voice in protest against the “ Ahlwardtismus ” and
“ Boeckelianismus,” and called upon his Conservative

colleagues to distinguish between “respectable and dis-

reputable anti - Semitism.” As for the Liberals and
Socialists, they filled the air with bitter laughter, and
declared from the housetops that the stupid party had
at last been overwhelmed by its own stupidity. The
Conservatives began to suspect that they had made a false

step, and they were confirmed in this belief by the conduct
of their new ally in the Reichstag. His d^but in parlia-

ment was the signal for a succession of disgraceful scenes.

His whole campaign of calumny was transferred to the

floor of the house, and for some weeks the Reichstag dis-

cussed little else than his so-called revelations. The
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able silence, and refused to support him. Stoecker

opposed him in a violent speech. The Radicals and
Socialists, taking an accurate measure of the shallow

vanity of the man, adopted the policy of giving him
“enough rope.” Shortly after his election he was con-

demned to five months’ imprisonment for libel, and he

would have been arrested but for the interposition of the

Socialist party, including five Jews, who claimed for him
the immunities of a member of parliament. When he

moved for a commission to inquire into his revelations, it

was again the Socialist party which supported him, with

the result that all his charges, without exception, were
found to be absolutely baseless. Ahlwardt was covered

with ridiciile, and when in May the Reichstag was dis-

solved, he was marched off to prison to undergo the

sentence for libel from which his parliamentary privilege

had uj) to that moment protected him.

His hold on the anti-Semitic populace was, however,

not diminished. On the contrary, the action of the

Conservatives at the Tivoli Congress could not be at once

eradicated from the minds of the Conservative voters, and
when the electoral campaign began it was found impossible

to explain to them that the party leaders had changed
their minds. The result was that Ahlwardt, although in

]U‘ison, was elected by two constituencies. At Arnswalde

Friedeberg he was returned in the teeth of the opposition

of the official Conservatives, and at Neu- Stettin he

defeated no less a person than his anti-Semitic opponent

Stoecker. Seventeen other anti - Semites, all of the

Ahlwardtian school, were elected. This, however, repre-

sented the extreme strength of the anti-Semitic party in

Germany
; for henceforth it had to stand alone as one of

the many minor factions in the Reichstag, avoided by all

the great parties, and too weak to exercise any influence

on the main course of affairs.

During the subsequent seven years it became more and
more discredited. The financial scandals connected with

Foerster’s attempt to found a Christian Socialist colony in

Paraguay, the conviction of Baron von Hammerstein, the

anti-Semitic Conservative leader, of forgery and swind-

ling (1895-96), and several minor scandals of the same
unsavoury character, covered the party with the very

obloquy which it had attempted to attach to the Jews,

At the same time the Christian Socialists who had
remained with the Conservative party also suffered.

After the elections of 1893, Stoecker was dismissed from
his post of Court Preacher, and publicly reprimanded for

speaking familiarly of the empress. Two years later the

Christian Socialist Pastor ETeumann, observing the

tendency of the Conservatives to coalesce with the

moderate Liberals in antagonism to Social Democracy,

declared against the Conservative party. The following

year the emperor publicly condemned Christian Socialism

and the “ political pastors,” and Stoecker was expelled

from the Conservative party for refusing to modify the

socialistic propaganda of his organ, Das Yolk. His fall

was completed by a quarrel with the Evangelical Social

Union. He left the tlnion and appealed to the Lutheran
clergy to found a new Church social organization, but met
with no response. Another blow to anti-Semitism came
from the Roman Catholic^. They had become alarmed by
the unbridled violence of the Ahlwardtians, and when in

1894 Foerster declared in an address to the German anti-

Semitic Union that anarchical outrages like the murder of

president Carnot were as much due to the “ Anarchismus
von oben” as the “Anarchismus von unten,” the Ultra-

montane Gernhanwb publicly washed its hands of the Jew-
baiters (1st July 1894). Thus gradually German anti-

Semitism became stripped of every adventitious alliance

;
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and although, at the general election of 1898 it managed
still to return twelve members to the Reichstag, it had
ceased to be regarded as a serious element in politics.

The causes of the decline of German anti-Semitism are not
difficult to determine. While it remained a theory of

nationality and a fad of the metaphysicians, it made con-
siderable noise in the world, but without exercising much
practical influence. When it attempted to play an active
part in politics it became submerged by the ignorant and
superstitious voters, who could not understand its scientific

justification, but who were quite ready to declaim and riot

against the Jew bogey. It thus became a sort of Jacquerie
which, being exploited by unscrupulous demagogues, soon !

alienated all its respectable elements. Its moments of

real importance were due not to inherent strength but to

the uses made of it by other political parties for their

own purposes. These coalitions are no longer possible,

not only because anti-Semitism has ceased to be respect-

able, but because, in face of the growing strength of

Democratic Socialism, all supporters of the present

organization of society have found it necessary to sink

their differences. The new social struggle has eclipsed

the racial theory of nationality. The Social Democrat is

now the enemy, and the new reaction counts on the

support of the rich Jews and the strongly individualist

Jewish middle class to assist it in preserving the existing

social structure.

More serious have been the effects of German anti-

Semitic teachings on the political and social life of the

countries adjacent to the empire—Russia, Austria, and
France. In Russia these effects were first seriously felt

owing to the fury of autocratic reaction to which the

tragic death of the Tsar Alexander II. gave rise. This,

however, like the Strousberg Krach in Germany, was only

the proximate cause of the outbreak. There were other

elements which had created a milieu peculiarly favourable

^ , to the transplantation of the German craze. In
the first place the mediaeval anti-Semitism was

still an integral part of the polity of the empire. The Jews
were cooped up in one huge ghetto in the western pro-

vinces, “marked out to all their fellow-countrymen as aliens

and a pariah caste set apart for special and degrading treat-

ment ” (Persecution of the Jews in Russia^ 1891, p. 5). In
the next place, owing to the emancipation of the serfs which
had half ruined the land-owners, while creating a free

but moneyless peasantry, the Jews, who could be neither

nobles nor peasants, had found a vocation as money-lenders

and as middlemen between the grain producers and the

grain consumers and exporters. There is no evidence that

this function was performed, as a rule, in an exorbitant or

oppressive way. On the contrary, the fall in the value of

cereals on all the provincial markets, after the riots of

1881, shows that the Jewish competition had previously

assured full prices to the farmers (Schwabacher,

Denhschrift^ 1882, p. 27). Nevertheless, the Jewish

activity or “ exploitation,” as it was called, was resented,

and the ill-feeling it caused among land-owners and farmers

was shared by non-Jewish middlemen and merchants who
had thereby been compelled to be satisfied with small

profits. Still there was but little thought of seeking a

remedy in an organized anti-Jewish movement. On the

contrary, the abnormal situation aggravated by the dis-

appointments and depression caused by the Turkish war,

had stimulated a widespread demand for constitutional

changes which would enable the people to adopt a state-

machinery more exactly suited to their needs. Among the

peasantry this demand was promoted and fomented by

the Nihilists, and among the land-owners it was largely

adopted as a means of checking what threatened to become

a new Jacquerie (Walcker, Gegenwdrtige Lage Russlands,
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1873; Innere Krisis Riisslands, 1876), The tsar,

Alexander II., strongly sympathized with this movement,
and on the advice of Count Loris Melikoff and the council

of ministers a rudimentaiy scheme of parliamentary
government had been drafted and actually signed when
the emperor was assassinated. Meanwhile a nationalist

and reactionary agitation, originating like its German ana-

logue in the Hegelianism of a section of the lettered public,

had manifested itself in Moscow. After some early vicissi-

tudes, it had been organized, under the auspices of Alexis
Elireieff, Chomjakoff, Aksakofi' and Kocheleff, into the
Slavophil party, with a Romanticist programme of reforms
based on the old traditions of the pre-Petrine epoch. This
party gave a great impetus to Slav nationalism. Its

final possibilities were sanguinarily illustrated by
Muravieff’s campaign in Poland in 1863, and in the war
against Turkey in 1877, which was exclusively its handi
work (Statement by General Kireieff : Schutz, Das
lieutige Russland, p. 104). After the assassination of

Alexander II. the Slavophil teaching, as expounded by
Ignatieff and Pobyedonostzeff, became paramount in the

Government, and the new tsar was persuaded to cancel

the constitutional project of his father. The more liberal

views of a section of the Slavophils under Aksakoff, who
had been in favour of representative institutions on tradi-

tional lines, were displaced by the reactionary system of

Pobyedonostzeff, who took his stand on absolutism,

orthodoxy, and the racial unity of the Russian people.

This was the situation on the eve of Easter 1881. The
hardening nationalism above, the increasing discontent

below, the economic activity of the Hebrew heretics and
aliens, and the echoes of anti-Semitism from over the

western border were combining for an explosion.

A scuffle in a tavern at Elisabethgrad, in Kherson,
sufficed to ignite this combustible material. The scuffle

grew into a not, the tavern was sacked, and the drunken
mob, hounded on by agitators who declared that the

Jews were using Christian blood for the manufacture of

their Easter bread, attacked and looted the Jewish quarter.

The outbreak rapidly spread. On 7th May there was a
similar riot at Smiela, near Czergassy, and the following

day there was a violent outbreak at Kieff, which left 2000
Jews homeless. Within a few weeks the whole of

Western Russia, from the Black Sea to the Baltic, was
smoking with the ruins of Jewish homes. Scores of

Jewish women were dishonoured, hundreds of men, women
and children were slaughtered, and tens of thousands were

reduced to beggary and left without a shelter. Murderous
riots or incendiary outrages took place in no fewer than

167 towns and villages, including Warsaw, Odessa, and
Kieff. Europe had witnessed no such scenes of mob
savagery since the Black Death massacres in the fourteenth

century. As the facts gradually filtered through to the

western capitals they caused a thrill of horror everywhere.

An indignation meeting held at the Mansion House in

London, under the presidency of the Lord Mayor, was the

signal for a long series of popular demonstrations condemn-

ing the persecutions, held in most of the chief cities of

England and the Continent.

Except as stimulated by the Judeophobe revival in

Germany the Russian outbreak in its earher forms does

not belong specifically to modern anti-Semitism. It was

essentially a mediaeval uprising animated by the religious

fanaticism, gross superstition, and predatory instincts of

a people still in the mediaeval stage of their development.

This is proved by the fact that, although the Russian

peasant was supposed to be a victim of unbearable Jewish
“ exploitation,” he was not moved to not until he had been

brutalized by drink and excited by the old fable of the

Blood Accusation. The modern anti-Semitic element came
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from above, and followed closely on the heels of the riots.

It has been freely charged against the Kussian Government

that it promoted the riots in 1881 in order to distract

popular attention from the Nihilist propaganda and from

the political disappointments involved in the cancellation

of the previous tsar's constitutional project (Lazare,

L'Antisemitisme, p. 211). This is an hypothesis which

will not stand the test of investigation. It is true that

the local authorities, both civil and military, favoured the

outbreak, and took no steps to suppress it, but this may
be accounted for by the fact that the feudal bureaucracy

had just escaped a great danger, and were consequently

not sorry to see the discontented populace venting their

passions on the Jews. In the higher circles of the Govern-

ment different views prevailed. The tsar himself was at

first persuaded that the riots were the work of Nihilists,

and he publicly promised his protection to the Jews. On
the other hand, his ministers, ardent Slavophils, thought

they recognized in the outbreak an endorsement of the

nationalist teaching of which they were the apostles, and,

while reprobating the acts of violence, came to the con-

clusion that the most reasonable solution was to aggravate

the legal disabilities of the persecuted aliens and heretics.

To this view the tsar was won over, partly by the clamor-

ous indignation of Western Europe, which had wounded
his national amour propre to the quick, and partly by
the strongly partisan report of a commission appointed

to inquire, not into the administrative breakdown which
had allowed riot to run loose over the western and southern

provinces, but into the “ exploitation ” alleged against the

Jews, the reasons why “the former laws limiting the

rights of the Jews ” had been mitigated, and how these

laws could be altered so as “ to stop the pernicious conduct

of the Jews” (Kescript of 3rd September 1881). The
result of this report was the drafting of a “ Temporary
Order concerning the Jews ” by the Minister of the In-

terior, Count Ignatieff, which received the assent of the

tsar on the 3rd May 1882. This order, which was so

little temporary that it has not yet been repealed, had
the effect of creating a number of fresh ghettos within the

pale of Jewish settlement. The Jews were cooped up
within the towns, and their rural interests were arbitrarily

confiscated. The doubtful incidence of the order gave
rise to a number of judgments of the Senate, by which all

its persecuting possibilities were brought out, with the
result that the activities of the Jews were completely
paralysed, and they became a prey to unparalleled
cruelty. As the gruesome effect of this legislation became
known, a fresh outburst of horror and indignation swelled
up from Western Europe. It proved powerless. Count
Ignatieff was dismissed owing to the protests of high-
placed Kussians, who were disgusted by the new Kultur-
kampf, but his work remained, and, under the influence

of M. Pobyedonostzeff, the Procurator of the Holy Synod,
the policy of the “ May Laws,” as they were significantly

called, was applied to every aspect of Jewish life with
pitiless rigour. The temper of the tsar may be judged
by the fact that when an appeal for mercy from an illus-

trious personage in England was conveyed to him at
Fredensborg through the gracious medium of the tsaritza,

his Majesty angrily exclaimed within the hearing of an
Englishman in the ante-room who was the bearer of the
message, “Never let me hear you mention the name of
that people again !

”

The Russian May Laws are the most conspicuous legis-

lative monument achieved by modern anti-Semitism. It
is true that they re-enacted regulations which resemble the
oppressive statutes introduced into Poland through the
influence of the Jesuits in the 16th century (Sternberg,
Gesch, d, Juden in Polen, pp. 141 et seqq,), but their
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orthodox authors were as little conscious of this irony of

history as they were of the Teutonic oiigins of the whole
Slavophil movement These laws are an experimental

application of the political principles extracted by Mair
and his German disciples from the metaphysics of Hegel,

and as such they afford a valuable means of testing the

practical operation of modern anti-Semitism. Their result

was a widespread commercial depression which was felt

all over the empire. Even before the May Laws were
definitely promulgated the passport registers showed that

the anti-Semitic movement had driven 67,900 Jews across

the frontier, and it was estimated that they had taken

with them 13,000,000 roubles, representing a minimum
loss of 60,000,000 roubles to the annual turnover of the

country's trade. Towards the end of 1882 it was calcu-

lated that the agitation had cost Russia as much as the

whole Turkish war of 1877. Trade was everywhere para-

lysed. The enormous increase of bankruptcies, the

transfer of investments to foreign funds, the conse-

quent fall in the value of the rouble and the prices of

Russian stocks, the suspension of farming operations

owing to advances on growing crops being no longer

available, the rise in the prices of the necessaries of

life, and lastly, the appearance of famine, filled half the

empire with gloom. Banks closed their doors, and the

great provincial fairs proved failures. When it was
proposed to expel the Jews from Moscow there was a
loud outcry all over the Sacred City, and even the Ortho-
dox merchants, realizing that the measure would ruin their

flourishing trade with the south and west, petitioned

against it. The Moscow Exhibition proved a failure.

Nevertheless the Government persisted with its harsh

policy, and Jewish refugees streamed by tens of

thousands across the western frontier to seek an asylum
in other lands. In 1891 the alarm caused by this emi-

gration led to further protests from abroad. The citizens

of London again assembled at Guildhall, and addressed a
petition to the tsar on behalf of his Hebrew subjects.

It was handed back to the Lord Mayor by the Russian
Ambassador, with a curt intimation that the emperor
declined to receive it. At the same time orders were
defiantly given that the May Laws should be strictly en-

forced. Meanwhile the Russian Minister of Finance was
at his wits’ ends for money. Negotiations for a large loan

had been entered upon with the house of Rothschild, and
a preliminary contract had been signed, when, at the

instance of the London firm, M. Wyshnigradski, the

Finance Minister, was informed that unless the persecu-

tions of the Jews were stopped the great banking-house

would be compelled to withdraw from the operation.

Deeply mortified by this attempt to deal with him de
puissance d puissance^ the tsar peremptorily broke off

the negotiations, and ordered that overtures should be
made to a non-Jewish French syndicate. In this way
anti-Semitism, which had already so profoundly influenced

the domestic politics of Europe, set its mark on the inter-

national relations of the Powers, for it was the urgent
need of the Russian Treasury quite as much as the ter-

mination of Prince Bismarck's secret treaty of mutual
neutrality which brought about the Franco-Russian
alliance (Daudet, Hist Dipl, de VAlliance Franco-Busse^

pp. 259 et seqq,).

For nearly three years more the persecutions continued.

Elated by the success of his crusade against the Jews, M.
Pobyedonostzeff extended his persecuting policy to other

non-Orthodox denominations. The legislation against the

Protestant Stundists became almost as unbearable as that

imposed on the Jews. In the report of the Holy Synod,
presented to the tsar towards the end of 1893, the pro-

curator called for repressive measures against Roman
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Catholics, Moslems, and Buddhists, and denounced the
rationalist tendency of the whole system of secular educa-
tion in the empire {Neue Freie Presse^ 31st January 1894).
A year later, however, the tsar died, and his successor,

without repealing any of the persecuting laws, let it

gradually be understood that their rigorous application
might be mitigated. The country was tired and ex-

hausted by the persecution, and the tolerant hints which
•came from high quarters were acted upon with significant

alacrity. This tolerant tendency has since been strength-

ened by a new pohtical movement, inaugurated by Prince
Oukhtomsky, the apostle of Bussian Asiatic Imperialism.
The Prince dreams of a future when the tsar will rule

over the whole of Asia, but he realizes that this mission
must be based on the most generous principles of religious

toleration (Leger, Musses et Slaves, 3*^® Serie, pp. 79-81).

As a personal friend of the new tsar his teachings in this

sense have produced considerable effect throughout Russian
society, and have helped to mitigate the terrible lot of

the Jews.

The only other country in Europe in which a legalized

anti-Semitism exists is Rumania. The conditions are

very similar to those which obtain in Russia, with the

important difference that Rumania is a constitutional

country, and that the Jewish persecutions are the work of

the elected deputies of the nation. Like the Bourgeois

GentilhoTume who wrote prose all his life without knowing
it, the Rumanians practised the nationalist doctrines of

the Hegelian anti-Semites unconsciously long before they

were formulated in Germany. In the old days of Turkish

domination the lot of the Rumanian Jews was not con-

spicuously unhappy. It was only when the nation began

to be emancipated, and the struggle in the East assumed
the form of a crusade against Islam that the Jews were

persecuted. Rumanian politicians preached a nationalism

limited exclusively to indigenous Christians, and they

were strongly supported by all who felt the commercial

Rumania
^ Thus, although theJews

had been settled in the land for many centuries

they were by law declared ahens. This was done in defiance

of the Treaty of Paris of 1856 and the Convention of

1858 which declared all Rumans to be equal before the

law. Under the influence of this distinction the Jews
became persecuted, and sanguinary riots were of frequent

occurrence. The reahzation of a Jewish question led to

legislation imposing disabihties on the Jews. In 1878
the Berhn Congress agreed to recognize the independence

of Rumania on condition that all religious disabilities were

removed. Rumania agreed to this condition, but ulti-

mately persuaded the Powers to allow her to carry out

the emancipation of the Jews gradually. During the

years which have elapsed since then, the condition of the

Jews has been in no way improved. Their emancipation

is as far off as ever, and their disabilities are heavier than

those of their brethren in Russia. For this state of things

the example of the anti-Semites in Germany, Russia,

Austria, and France is largely to blame, since it has justi-

fied the intolerance of the Rumans. Owing, also, to the

fact that of late years Rumania has become a sort of

annexe of the Triple Alliance, it has been found impossible

to induce the signatories of the Berlin Treaty to take

action to compel the state to fulfil its obligations under

that treaty.

In Austria-Hungary the anti-Semitic impulses came

almost simultaneously from the North and East. Already

in the ’seventies the doctrinaire anti-Semitism of Berlin

had found an echo in Budapest, Two members of the

Diet, Victor Istoczy and Geza Onody, together with a

publicist named Georg Marczianyi, busied themselves in

making known the doctrine of Marr in Hungary. Marc-
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zianyi, who translated the German Judeophobe pamphlets
into Magyar, and the Magyar works of Onody into German,
was the chief medium between the northern and
southern schools. In 1880 Istoczy tried to estab

Hsh a “Nichtjuden Bund” in Hungary, with
statutes hterally translated from those of the German anti-

Semitic league. The movement, however, made no pro-

gress, owing to the stalwart Liberalism of the predominant
political parties, and of the national principles inherited

from the Revolution. The large part played by the Jews in

the struggle of 1848, and the fruitful patiiotism with which
they had worked for the political and economic progress of

the country, had created, too, a strong claim on the gratitude

of the best elements in the nation. Nevertheless, among
the Ultramontane clergy, the higher aristocracy, the ill-

paid minor officials, and the ignorant peasantry, the seeds

of a tacit anti-Semitism were latent. It was probably the

aversion of the nobility from anything in the nature of

a demagogic agitation which for a time prevented these

seeds from germinating. The news of the uprising in

Russia and the appearance of Jewish refugees on the

frontier, had the effect of giving a certain prominence to

the agitation of Istoczy and Onody and of exciting the

rural communities, but it did not succeed in impressing

the public with the pseudo-scientific doctrines of the new
anti-Semitism. It was not until the agitators lesoited to

the Blood Accusation— that never-failing decoy of ob-

scurantism and superstition—that Hungary took a definite

place in the anti-Semitic movement. The outbreak was
short and fortunately bloodless, but while it lasted its

scandals shocked the whole of Europe.
Dr August Rohhng, Professor of Hebrew at the Univer-

sity of Prague, a Roman Cathohc theologian of high
position but dubious learning, had for some years assisted

the Hungarian anti-Semites with rechauffes of Eisen-

menger’s Entdechtes Judenthum (Frankfurt a/M 1700).

In 1881 he made a solemn deposition before the Supreme
Court accusing the Jews of being bound by their law to

work the moral and physical ruin of non -Jews. He
followed this up with an offer to depose on oath that the

murder of Christians for ritual purposes was a doctrine

secretly taught among Jews. Professor Delitzsch and
other eminent Hebraists, both Christian and Jewish,

exposed and denounced the ignorance and malevolence of

Rohling, but were unable to stem the mischief he was
causing. In April 1882 a Christian girl named Esther

Sobymossi was missed from the Hungarian village of

Tisza Eszlar, where a small community of Jews were
settled. The rumour got abroad that she had been kid-

napped and murdered by the Jews, but it remained the

burden of idle gossip, and gave rise to neither judicial

complaint nor public disorders. At this moment the

question of the Bosnian Pacification credits was before the

Diet. The unpopularity of the task assumed by Austria-

Hungary, under the Treaty of Berlin, which was calculated

to strengthen the disaffected Croat element in the empire,

had reduced the Government majority to very small pro-

portions, and all the reactionary factions in the country

w^ere accordingly in arms. The Government was violently

and unscrupulously attacked on all sides. On the 23rd

May there was a debate in the Diet when M. Onody, in

an incendiary harangue, told the story of the missing girl

at Tisza Eszlar, and accused ministers of criminal indul-

gence to races alien to the national spirit. In the then

excited state of the public mind on the Croat question,

the manoeuvre was adroitly conceived. The Government
fell into the trap, and treated the story with lofty disdain.

Thereupon the anti-Semites set to work on the case, and

M. Joseph Bary, the magistrate at Nyiregyhasa, and a
noted anti-Semite, was induced to go to Tisza Eszlar and
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institute an inquiry. All tlie anti-Liberal elements in the

country now became banded together in this effort to

discredit the Liberal Government, and for the first time

the Hungarian anti-Semites found themselves at the head

of a powerful party. Fifteen Jews were arrested and

thrown into prison. No pains were spared in preparing

the case for trial. Perjury and even forgery were freely

resorted to. The son of one of the accused, a boy of

fourteen, was taken into custody by the police, and by

threats and cajoleries prevailed upon to give evidence for the

prosecution. Ha was elaborately coached for the terrible

rtle he was to play. The trial opened at Nyiregyhasa on

the 19th June, and lasted till the 3rd August. It was

one of the most dramatic causes celebres ot the century.

Under the brilliant cross-examination of the advocates for

the defence the whole of the shocking conspiracy was

gradually exposed. The public prosecutor thereupon

withdrew from the case, and the four judges—the chief of

whom held strong anti-Semitic views—unanimously ac-

quitted all the prisoners. The case proved the death-blow

of Hungarian anti-Semitism. Although another phase

of the Jewish question, which will be referred to presently,

had still to occupy the public mind, the shame brought on

the nation by the Tisza Eszlar conspiracy effectually pre-

vented the anti-Semites from raising their voices with any
effect again.

Meanwhile a more formidable and complicated outburst

was preparing in Austria itself. Here the lines of the

German agitation were closely followed, but with far more
dramatic results. It was exclusively political—that is

to say, it appealed to anti-Jewish prejudices for party

purposes while it sought to rehabilitate them on a

pseudo-scientific, racial, and economic basis. At first it

was confined to sporadic pamphleteers. By their side

there gradually grew up a school of Christian Socialists,

recruited from the ultra-clericals, for the study and appli-

cation of the doctrines preached at Mayonco by Arch-

bishop Ketteler. This constituted a complete Austrian

analogue to the Evangelical-Socialist movement started in

Germany by Herr Stoecker. For some years the two
movements remained distinct, but signs of approximation
were early visible. Thus one of the first complaints of

the anti-Semites was that the Jews were becoming masters

of the soil. This found an echo in the agrarian principles

of the Christian Socialists, as expounded by Eudolph Meyer,

in which individualism in landed property was admitted on
the condition that the land-owners were “ the families of

the nation ” and not “ cosmopolitan financiers.” A further

indication of anti-Semitism is found in a speech delivered

in 1878 by Prince Alois von Liechtenstein (b. 1846),
the most prominent disciple of Rudolph Meyer, who
denounced the national debt as a tribute paid by the state

to cosmopolitan rentiers (Nitti, Catholic Socialism, pp.
200, 201, 211, 216). The growing disorder in parlia-

ment, due to the bitter struggle between the German
and Czech parties, served to bring anti-Semitism into

the field of practical politics. Since 1867 the German
Liberals had been m power. They had made enemies of

the clericals by tampering with the concordat, and they had
split up their own party by the federalist policy adopted by
Count Taaffe. The Radical secessionists in their turn found
it difficult to agree, and an ultra-national Gernian wing
formed its<^lf into a separate party under the leadership of

Ritter von Schonerer (b. 1842), a Radical nationalist of

the most violent type. In 1882 two ant^-Semitlc leagues
had been founded in Vienna, and to these the Radical
nationalists now appealed for support. The growing im-
portance of the parly led the premier, Count Taaffe, to
angle for the support of the clericals by accepting a
portion of the Christian Socialist programme. The
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hostility this excited in the Liberal press, largely written

by Jews, served to bring the feudal Cnristian Socialists and
Radical anti-Semites together. In 1891 these strangely

assorted factions became consolidated, and during the

elections of that year Prince Liechtenstein came forward as

an anti-SemitxC candidate and the acknowledged leader of

the party. The elections resulted in the return of fifteen

anti-Semites to the Reichsrath, chiefly from Vienna.

Although Prince Liechtenstein and the bulk of the

Christian Socialists had joined the anti-Semites with the

support of the clerical organ, the Vaterland, the clerical

paity as a whole still held aloof from the Jew-baitors.

The events of 1892-95 put an end to their hesitation. The
Hungarian Government, in compliance with long-standing

pledges to the Liberal party, introduced into the Diet a

series of ecclesiastical reform Bills providing for civil

marriage, freedom of worship, and the legal recognition of

Judaism on an equality with other denominations. These

proposals, which synchronized with Ahlwaidt’s turbulent

agitation in Germany, gave a great impulse to anti-

Semitism and served to drive into its ranks a large number
of clericals. The agitation was taken in hand by the Roman
Catholic clergy, and the pulpits every Sunday resounded

with, denunciations of the Jews. One clergyman, Father

Deckert, was prosecuted for preaching the Blood

Accusation and convicted (1894). Cardinal Schlauch,

bishop of Grosswardein, declared in the Hungarian House
of Magnates that the Liberals were in league with

cosmopolitans ” for the ruin of the country. In October

1894 the Magnates adopted two of the ecclesiastical Bills

with amendments, but threw out the Jewish BJl by a

majority of six. The crown sided with the Magnates,

and the ministry resigned, although it had a majority in

the Lower House. An effort was made to form a clerical

cabinet, but it failed. Baron Banffy was then entrusted

with the construction of a fresh Liberal ministry. The
announcement that he would persist with the ecclesiastical

Bills, lashed the clericals and anti-Semites into a fuiy, and
the agitation broke out afresh. The pope addressed a

letter to Count Zichy encouraging the Magnates to resist,

and once more two of the B^lls were amended, and the

third rejected. The papal nuncio, Mgr. Agliardi, now
thought proper to pay a visit to Budapest, where he

allowed himself to be interviewed on tne crisis. This

interference in the domestic concerns of Hungary was

deeply resented by the Liberals, and Baron Banffy requested

Count Kalnoky, the imperial minister of foreign affairs, to

protest against it at the Vatican. Count Kalnoky r^-fused

and tendered his resignation to the emperor. Clerical

sympathies were predominant in Vienna, and the emperor

was induced for a moment to decline the count’s resignation.

It soon became clear, however, that the Hungarians were

resolved to see the crisis out, and that in the end Vienna

would be compelled to give way. The emperor accordingly

retraced his steps, CountKalnoky’s resignation was accepted,

the papal nuncio was recalled, a batch of new Magnates

were created, and the Hungarian ecclesiastical Bills passed.

Simultaneously with this crisis another startling phase

of the anti-Semitic drama was being enacted in Vienna

itself. Encouraged by the support of the clericals the

anti-Semites resolved to make an effort to carry the

Vienna municipal elections. So far the alliance of the

clericals with the anti-Semites had been unoffeial, but

on the eve of the elections (Jan. 1895) the pope, influenced

partly by the Hungarian crisis and partly by an idea of

Cardinal Rampolla that the best antidote to Democratic

Socialism would be a clerically controlled fusion of the

Christian Socialists and anti-Semites, sent his blessing to

Prince Liechtenstein and his followers. This action

alarmed the Government and a considerable body of the
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higher episcopate, who felt assured that any perman-
ent encouragement given to the anti-Semites would
strengthen the parties of sedition and disorder in the end.

Cardinal Schoenborn was despatched in haste to Eome to

expostulate with the pontiff, and his representations were
strongly supported by the French and Belgian bishops.

The mischief was, however, done, and although the pope
sent a verbal message to Prince Liechtenstein excluding the

anti-Semites from his blessing, the elections resulted in a

great triumph for the Jew-haters. The municipal council

was immediately dissolved by the Government, and new
elections were ordered, but these only strengthened the

position of the anti-Semites, who carried 92 seats out of a
total of 1 38. A cabinet crisis followed and the premiership

was entrusted to the Statthalter of Galicia, Count Badeni,

who assumed office with a pledge of war to the knife

against anti-Semitism. In October the new municipal

council elected as burgomaster of Vienna Dr Karl Lueger
(b. 1844), a vehement anti-Semite, who had displaced

Prince Liechtenstein as leader of the party. The emperor
declined to sanction the election, but the council repeated

it in face of the imperial displeasure. Once more a dis-

solution was ordered and for three months the city was
governed by administrative commissioners. In February
1896 elections were again held and the anti-Semites were
returned with an increased majority. The emperor then

capitulated
;
and after a temporary arrangement, by which

for one year Dr Lueger acted as vice-burgomaster and
handed over the burgomastership to an inoffensive nominee,

permitted the municipal council to have its way. The
growing anarchy in parliament at this moment served still

further to strengthen the anti-Semites, and their conquest

of Vienna was speedily followed by a not less striking con-

quest of the landtag of Lower Austria (November 1896).

The zenith of their power was reached in March 1897, when,

at the general election for the Eeichsrath, twenty-eight

anti-Semites and forty-one German clericals were elected.

Since then a reaction of sanity has gradually but surely

asserted itself. For five years the anti-Semites have (1901)
governed Vienna, and, although they have accomplished

much mischief, the millennium of which they were supposed

to be the heralds has not dawned. On the contrary, the

commercial interests of the city have suffered and the

rates have been enormously increased {Neue Freie Fresse,

29th March 1901), while the predatory hopes which

secured them office have only been realized on a small and
select scale. The spectacle of a clerico-anti-Semitic Tam-
many in Vienna has strengthened the resistance of the

better elements in the country. Time has also shown that

Christian Socialism is only a disguise for high Toryism, and

that the German Eadicals who were originally induced to

join the anti-Semites have been victimized by the clericals.

The fruits of this disillusion began to show themselves in

the general elections of 1900-01, when the anti-Semites lost

six seats in the Eeichsrath and the clericals four, while

the national German Eadicals, rallied again into an inde-

pendent and anti-clerical party under Bitter von Schonerer,

gained thirteen seats. Three of the constituencies lost to

the anti-Semites were in Vienna, and the total poll in their

favour all over the city showed an enormous reduction.

The elections were followed (26th January 1901) by a

papal encyclical on Christian democracy, in which Christian

Socialism was declared to be a term unacceptable to the

Church, and the faithful were adjured to abstain from
agitation of a demagogic and revolutionary character, and
to respect the rights of others.”

The last country in Europe to make use of the teachings

of German anti-Semitism in its party politics was France.

The fact that the movement should have struck root in a

republican country, where the ideals of democratic freedom
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have been so passionately cultivated, has been regarded as
one of the paradoxes of our latter-day history. As a
matter of fact, it is more surprising that it was not adopted
earlier. All the social and political conditions which
produced anti-Semitism in Germany were present in France,

but in an aggravated form due primarily to the very

republican reguiie which at first sight seemed to be a
guarantee against it. In the monarchical states

the dominance of the bourgeoisie was tempered in

a measure by the power of the Crown and the political

activity of the aristocracy, which carried with them a very

real restraining influence in the matter of political honour
and morality. In France these restraining influences were
driven out of public life by the republic. The nobility

both of the ancieyi regwie and the empire stood aloof, and
politics were abandoned for the most part to professional

adventurers, while the bourgeoisie assumed the form of an
omnipotent plutocracy. This naturally attracted to France

all the financial adventurers in Europe, and in the train of

the immigration came not a few German Jews, alienated

from their own country by the agitation of Marr and
Stoecker. Thus the bourgeoisie was not only more power-

ful in France than in other countries, but the obnoxious-

ness of its Jewish element was accentuated by a tinge of

the national enemy. The anti-clericalism of the bourgeois

republic and its unexampled scries of financial scandals,

culminating in the Panama Krach, thus sufficed to give

anti-Semitism a strong hold on the public mind.
Nevertheless, it was not until 1882 that the anti-Jewish

movement was seriously heard of in France. M. Paul
Bontoux (b. 1820), who had formerly been in the employ
of the Bothschilds, but had been obliged to leave the firm

in consequence of his disastrous speculations, had joined

the Legitimist party, and had started the Union G^n^rale

with funds obtained from his new allies. M. Bontoux
promised to break up the alleged financial monopoly of the

Jews and Protestants and to found a new plutocracy in its

stead, which should be mainly Eoman Catholic and aristo-

cratic. The bait was eagerly swallowed. For five years the

Union G^n4rale, with the blessing of the pope, pursued an
apparently prosperous career. Immense schemes were un-

dertaken, and the 125 fr. shares rose gradually to 3200
francs. The whole structure, however, rested on a basis

of audacious speculation, and in January 1882 the Union
G^n^rale failed, with liabilities amounting to 212,000,000

francs. The cry was at once raised that the Krach was
due to the manoeuvres of the Jews, and a strong anti-

Somitic feeling manifested itself in clerical and aristo-

cratic circles. In 1886 violent expression was given to

this feeling in a book since become famous, La France
Juive, by M. Edouard Drumont (b. 1844). The author

illustrated the theories of German anti-Semitism with a
chronique scandaleuse full of piquant personalities, in

which the corruption of French national life under Jewish

influences was painted in alarming colours. The book
was read with avidity by the public, who welcomed its

explanations of the obviously growing debauchery. The
Wilson scandals and the suspension of the Panama Com-
pany in the following year, while not beaiing out M.
DrumonFs anti-Semitism, fully justified his view of the

prevailing corruption. Out of this condition of things

rose the Boulangist movement, which rallied all the dis-

affected elements in the country, including M. Drumont’s

following of anti-Semites. It was not, however, until the

flight of General Boulanger and the ruin of Ms party that

anti-Semitism came forward as a political movement.

The chief author of the rout of Boulangism was a Jewish

politician and journalist, M. Joseph Beinach (b. 1856),

formerly private secretary to M. Gambetta, and one of the

ablest men in France. He was a Frenchman by birth and
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education, but bis father and uncles were Germans, who

had founded an important banking establishment in Paris.

Hence he was held to personify the alien Jewish domina-

tion in France, and the ex-Boulangists turned against him

and his co-religionists with fury. The Boulangist agitation

had for a second time involved the Legitimists in heavy-

pecuniary losses, and under the leadership of the marc^uis

de Mores they now threw all their influence on the side

of M. Brumont. An anti-Semitic league was established,

and with Boyalist assistance branches were organized all

over the country. The Franco-Eussian alliance in 1891,

when the persecutions of the Jews by M. Pobyedonostzeff

were attracting the attention of Europe, served to invest

M. Brumont’s agitation with a fashionable and patriotic

character. It was a sign of the spiritual approximation

of the two peoples. In 1892 M. Brumont founded a daily

anti-Semitic newspaper, La Libre Parole. With the

organization of this journal a regular campaign for the

discovery of scandals was instituted. At the same time a

body of aristocratic swashbucklers, with the marquis de

Mores and the count de Lamase at their head, set them-

selves to terrorize the Jews and provoke them to duels.

At a meeting held at Neuilly in 1891 M. Guerin, one of the

marquis de Mor^s’s lieutenants, had demanded rhetorically

'wn cadavre de Jwif. He had not long to wait. Anti-

Semitism was most powerful in the army, which was the

only branch of the public service in which the reactionary

classes were fully represented. The republican law com-

pelling the seminarists to serve their term in the army
had strengthened its clerical and Eoyalist elements, and

the result was a movement against the Jewish officers,

of whom 500 held commissions. A series of articles in

the Libre Parole attacking these officers led to a number of

ferocious duels, and these culminated in 1892 in the death

of an amiable and popular Jewish officer, Captain Armand
Mayer, of the Engineers, who fell, pierced through the

lungs by the marquis de Mores. This tragedy, rendered

all the more painful by the discovery that Captain Mayer
had chivalrously fought to shield a friend, aroused a great

deal of popular indignation against the anti-Semites, and
for a moment it was believed that the agitation had been

killed with its victim.

Towards the end of 1892, the discovery of the wide-

spread corruption practised by the Panama Company gave

a fresh impulse to anti-Semitism. The revelations were in

a large measure due to the industry of the Libre Parole ;

and they were all the more welcome to the readers of that

journal since it was discovered that three Jews were
implicated in the scandals, one of whom, baron de
Eeinach, was uncle and father-in-law to the hated
destroyer of Boulangism. The escape of the other two,

Br Herz and M. Acton, and the difficulties experienced in

obtaining their extradition, deepened the popular convic-

tion that the authorities were implicated in the scandals,

and kept the public eye for a long time absorbed by the
otherwise restricted Jewish aspects of the scandals. In
1894: the military side of the agitation was revived by the
arrest of a prominent Jewish staff officer, Captain Alfred
Breyfus, on a charge of treason. From the beginning the
hand of the anti-Semite was flagrant in the new sensation.

Tne first hint of the arrest appeared in the Libre Parole ;
and before the facts had been officially communicated to

the public that journal was busy with a campaign
against the war minister, based on the apprehension that, in
conspiracy with the Jniverie and his republican colleagues,

he might exert himself to shield the traitor. Anti-Semitic
feeling was now thoroughly aroused. Panama had prepared
the people to believe anything; and when it was announced
that a court-martial, sitting in secret, had convicted
Breyfus, there was a howl of execration against the Jews
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from one end of the country to the other, although the

alleged crime of the convict and the evidence by which

it was supiiorted were quite unknown. Breyfus was
degraded and transported for life amid unparalleled scenes

of public excitement.

The Dreyfus Case registeis the climax not only of

French, but of European anti-Semitism. It was the most

ambitious and most unscrupulous attempt yet made to

prove the nationalist hypothesis of the anti-Semites, and in

its failure it afforded the most striking illustration of the

dangers of the whole movement by bringing France to

the verge of revolution. For a few months after the

Breyfus court-martial there was a comparative lull
;
but

the highly - strung condition of popular passion was
illustrated by a violent debate on “ The Jewish Peril in

the Chamber of Deputies (25th April 1895), and by two
outrages with explosives at the Eothschild Bank in Paris.

Meanwhile the family of Breyfus, absolutely convinced of

his innocence, were casting about for the means of clearing

his character and securing his liberation. They were

wealthy, and their activity unsettled the public mind
and aroused the apprehensions of the conspirators. Had
the latter known how to preserve silence, the mystery would

perhaps have been yet unsolved
;
but in their anxiety to

allay all suspicions they made one false step, which pioved

the beginning of their ruin. Through their friends in the

press they secured the publication of a facsimile of a

document known as the Bordereau—a letter supposed to

be in Dreyfuses handwriting and addressed apparently to

the military attache of a foreign power, which was alleged

to constitute the chief evidence against the convict. It

was hoped by this publication to put an end to the doubts

of the so-called Dreyfusards. The result, however, was
only to give them a clue on which they worked with

remarkable ingenuity. To prove that the Bordereau was

not in Dreyfuses handwriting was not difficult. Indeed,

its authorship was recognized almost on the day of

publication; but the Dreyfusards held their hands in

order to make assurance doubly sure by further evidence.

Meanwhile one of the officers of the general staff. Colonel

Picquart, had convinced himself by an examination of the

dossier of the trial that a gross miscarriage of justice had
taken place. On mentioning his doubts to his superiors,

who were animated partly by anti-Semitic feeling and
partly by reluctance to confess to a mistake, he was
ordered to the Tunisian hinterland on a dangerous expedi-

tion. Before leaving Paris, however, he took the pre-

caution to confide his discovery to his legal adviser.

Harassed by their anxieties, the conspirators made further

communications to the newspapers ; and the Government,

questioned and badgered in parliament, added to the revela-

tions. The new disclosures, so far from stopping the

Dreyfusards, proved to them, among other things, that the

conviction had been partially based on documents which

had not been communicated to the counsel for the defence,

and hence that the judges had been tampered with by the

Ministry of War behind the prisoner’s back. So far, too,

as these documents related to correspondence with foreign

military attach6s, it was soon ascertained that they were

forgeries. In this way a terrible indictment was gradually

drawn up against the Ministry of War. The first step was
taken towards the end of 1897 by a brother of Captain

Breyfus, who, in a letter to the minister of war, denounced

Major Esterhazy as the real author of ihB Bordereau. The
authorities, supported by parliament, declined to re-open

the Breyfus Case, but they ordered a court-martial on

Esterhazy, which was held with closed doors and resulted

in his acquittal. It now became clear that nothing short of

an appeal to public opinion and a full exposure of all the

iniquities that had been perpetrated would secure justice
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at the hands of the military chiefs. On behalf of

Drejrfus, M. Zola, the eminent novelist, formulated the case

against the general stajff of the army in an open letter to
the president of the republic, which by its dramatic accusa-

tions startled the whole world. The letter was denounced
as wild and fantastic even by those who were in favour of

revision. M. Zola was prosecuted for libel and convicted,

and had to fly the country; but the agitation he had started

was taken in hand by others, notably M. Clemenceau, M.
Reinach, and M. Yves Guyot. In August 1 898 their efforts

found their first reward. A re-examination of the docu-
ments in the case by M. Cavaignac, then minister of war,

showed that one was undoubtedly forged. Colonel Henry,
of the Intelligence Department of the War Office, then con-

fessed that he had fabricated the document, and, on being

sent to Mont Yaldrien under arrest, cut his throat.

In spite of this damaging discovery the War Office still

persisted in believing Dreyfus guilty, and opposed a fresh

inquiry. It was supported by three successive ministers

of war, and apparently an overwhelming body of public

opinion. By this time the question of the guilt or inno-

cence of Dreyfus had become an altogether subsidiary issue.

As in Germany and Austria, the anti-Semitic crusade had
passed into the hands of the political parties. On the
one hand the Radicals and Socialists, recognizing the anti-

republican aims of the agitators and alarmed by the

clerical predominance in the army, had thrown in their lot

with the Dreyfusards; on the other the reactionaries,

anxious to secure the support of the army, took the oppo-
site view, denounced their opponents as sans patrie, and
declared that they were conspiring to weaken and degrade
the army in the face of the national enemy. The contro-

versy was, consequently, no longer for or against Dreyfus,

but for or against the army, and behind it was a life-

or-death struggle between the republic and its enemies.

The situation became alarming. Rumours of military

plots filled the air. Powerful leagues for working up
public feeling were formed and organized; attempts to

discredit the republic and intimidate the Government were
made. The president was insulted

;
there were tumults

in the streets, and an attempt was made by M. D6roulMe
|

to induce the military to march on the Elysee and upset

tJie republic. In this critical situation France, to her

eternal honour, found men with sufficient courage to do
the right. The Socialists, by rallying to the Radicals

against the reactionaries, secured a majority for the defence

of the republic in parliament. M. Brisson^s Cabinet trans-

mitted to the Court of Cassation an application for the

revision of the case against Dreyfus
;
and that tribunal,

after an elaborate inquiry, which fully justified M. Zola’s

famous letter, quashed and annulled the proceedings of !

the court-martial, and remitted the accused to another

court-martial, to be held at Rennes. Throughout these

proceedings the militaiy party fought tooth and nail to

impede the course of justice
;
and although the innocence

of Dreyfus had been completely established, it concentrated

all its efforts to secure a fresh condemnation of the prisoner

at Rennes. Popular passion was at fever heat, and it

manifested itself in an attack on M. Labori, one of the

counsel for the defence, who was shot and wounded on the

eve of his cross-examination of the witnesses for the prose-

cution, To the amazement and indignation of the whole

world outside France, the Rennes court-martial again found

the prisoner guilty
;
but all reliance on the conscientious-

ness of the verdict was removed by a rider, which found

extenuating circumstances,’^ and by a reduction of the

punishment to ten years’ imprisonment, to which was
added a recommendation to mercy. The verdict was evi-

dently an attempt at a compromise, and the Government

resolved to advise the president of the republic to pardon
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Dreyfus. This lame conclusion did not satisfy the accused ;

but his innocence had been so clearly proved, and on poli-

tical grounds there were such urgent reasons for desiring a
termination of the affair, that it was accepted without pro-
test by the majority of moderate men. The explanation
of the whole case is that Esterhazy and Henry were the

real culprits
;
that they had made a trade of supplying the

German Government with military documents
;
and that,

when the Bordereau was discovered, they availed themselves
of the anti-Semitic agitation to throw suspicion on Dreyfus.

The rehabilitation of Dreyfus did not pass without
another effort on the part of the reactionaries to turn the

popular passions excited by the case to their own advan-
tage. After the failure of M. Deroulede’s attempt to

overturn the republic, the various Royalist and Boulangist

leagues, with the assistance of the anti-Semites, organized

another plot. This was discovered by the Government,
and the leaders were arrested. M. Jules Gu6rin, secretary

of the anti-Semitic league, shut himself up in the league

offices in the Rue Chabrol, Paris, which had been fortified

and garrisoned by a number of his friends, armed "svith

rifles. For more than a month the anti-Semites held the

authorities at bay, and some 5000 troops were employed
in the siege. The conspirators were all tried by the Senate,

sitting as a high court, and M. Guerin was sentenced to

ten years’ imprisonment. The evidence showed that the

anti-Semitic organization had taken an active part in the

anti-republican plot (see the report of the Commission
d’Instruction in the Petit Temps^ 1st November 1899).

This vigorous action of the Government, together with the

moral effect of the Dreyfus Case, has seriously weakened
the anti-Semitic movement in France, and it has now com-
pletely lost its hold on the public outside Paris.

In sympathy with the agitation in France there has
been a similar movement in Algeria, where the European
population have long resented the admission of the native

Jews to the rights of French citizenship. The agitation

has been marked by much violence, and most of the anti-

Semitic deputies in the French parliament, including M.
Drumont, have found constituencies inAlgeria. As the local

anti-Semites are largely Spaniards and Levantine riff-raff,

the agitation has not the peculiar nationalist bias which
characterizes Continental anti-Semitism. Before the energy

of the authorities it has lately shown signs of subsiding.

While the main activity of anti-Semitism has manifested

itself in Germany, Russia, Rumania, Austria-Hungary,

and France, its vibratory influences have been felt in other

countries when conditions favourable to its extension

have presented themselves. In England more than one

attempt to acclimatize the doctrines of Marr and Treitschke

has been made. The circumstance that at the time of the

rise of German anti-Semitism a premier of

Hebrew race. Lord Beaconsfield, was in power
first suggested the Jewish bogey to English etc,

political extremists. The Eastern Crisis of

1876-78, which was regarded by the Liberal party as

primarily a struggle between Christianity, as represented

by Russia, and a degrading Semitism, as represented by
Turkey, accentuated the anti-Jewish feeling, owing to the

anti-Russian attitude adopted by the Government. Violent

expression to the ancient prejudices against the Jews was

given by Sir J. G. Tollemache Sinclair (A Defence of
Bussia, 1877). Mr T. P. O’Connor, in a life of Lord

^ Beaconsfield (1878), pictured him as the instrument

1 of the Jewish people, “ moulding the whole policy of

I

Christendom to Jewish aims.” Professor Goldwin Smith,

j

in several articles in the Nineteenth Century (1878, 1881,

' and 1882), sought to ^thetize the growing anti-Jewish

feeling by adopting the nationalist theories of the German
anti-Semites. This movement did not fail to find an

S. L --6I
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equivocal response in the speeches of some of the leading

Liberal statesmen
;
but on the country generally it pro-

duced no effect. It was revived when the persecutions in

Kussia threatened England with a great influx of Polish

Jews, whose mode of life was calculated to lower the

standard of living in the industries in which they were

employed. All danger was, however, averted by the

Jewish communal authorities, who, by dint of great

pecuniary sacrifices and an excellent international organiza-

tion, managed to control the immigration. In 1883 Herr

Stoecker visited London, but received a very unflattering

reception. Equally abortive attempts to acclimatize anti-

Semitism have been made in Switzerland, Belgium, Greece,

and the United States.

Anti-Semitism has made a great deal of history during

the last thirty years, but it has left no permanent mark
on the social and political evolution of Europe. It is the

fruit of a great ethnographic and political error, and it has

spent itself in political intrigues of transparent dishonesty.

Its racial doctrine is at best a crude hypothesis; its

nationalist theory has only served to throw into striking

relief the essentially economic bases of modern society, while

its political activity has revealed the vulgarity and ignor-

ance which constitute its main sources of strength. So
far from injuring the Jews, it has really given Jewish racial

separatism a new lease of life. Its extravagant accusations,

as in the Tisza Eszlar and Dreyfus cases, have resulted in the

vindication of the Jewish character. Its agitation gener-

ally, coinciding with the revival of interest in Jewish

history, has helped to transfer Jewish solidarity from a

religious to a racial basis. The bond of a common race,

vitalized by a new pride in Hebrew history and spurred on

to resistance by the insults of the anti-Semites, has given

a new spirit and a new source of strength to Judaism at a

moment when the approximation of ethical systems and
the revolt against dogma were sapping its essentially

religious foundations. In the whole history of Judaism,

perhaps, there have been no more numerous or remarkable

instances of reversions to the faith than during the last

thirty years. The reply of the Jews to anti-Semitism has

taken two interesting practical forms. In the first place

there is the so-called Zionist movement, which is a kind of

Jewish nationalism and is vitiated by the same errors

that distinguish its anti-Semitic analogue. It aims at the

re-establishment of the Jewish state
;
and, under the leader-

ship of Dr Theodor Herzl (b. 1860) and Dr Max Nordau
(b, 1849) it has found no fewer than a quarter of a million

supporters, who are now definitely organized. In the second
place, there is a movement represented by the Maccabaeans’

Society in London, which seeks to unite the Jewish people
in an effort to raise the Jewish character and to promote a
higher consciousness of the dignity of the race. It lays

no stress on orthodoxy, but welcomes all who strive to

render Jewish conduct an adequate reply to the theories

of the anti-Semites. Both these movements are elements

of fresh vitality to Judaism, and they are probably
destined to produce important fruit in the near future.

A splendid spirit of generosity has also been displayed by
the Jewish community in assisting and relieving the
victims of the Jew-haters, Besides countless funds raised

by public subscription, Baron de Hirsch founded a colossal
;

scheme for transplanting persecuted Jews to new countries

under new conditions of life, and endowed it with no less

a sum than £9,000,000 (see Hirsch, Moritz de).

Though anti-Semitism has been unmasked and dis-
i

credited, it is to be feared that its history is not yet at an
end. While there are in Russia and Rumania six millions i

of Jews who are being systematically degraded, and who
periodically overflow the western frontier, there will con-

tinue to be a Jewish question in Europe ; and while there

M I T I S M
are weak Governments, as in Austria and France, and

ignorant and superstitious elements in the enfranchized

classes of those countries, that question will seek to play

a part in politics.

Liteeature.— impartial history of modem anti-Semitism

has yet been wiitten. The most comprehensive works on the sub-

ject, Israel among the Nationis, by A. Leeoy-Beaulieu (1895), and
L'Antisemitisme^ son Histoire et ses causes^ by Beenaed La-Zaiie

(1894), are collections of studies rathei than histories. M, Lazaie’s

work will be found most useful by the student on account of its

detached standpoint and its valuable bibliographical notes. A good
hst of works relating to Jewish ethnogiapliy will be found at the

end ofM. Isidore Loeb’s valuable article,
‘
‘ Juifs, ” in the BicUommire

Unvversel de G-iograpMe (1884). To these should be added Jel-

LINEK, Der Judisdhe Stamm (1869) ; Chwolson, Die Scmitisclwi

Volher {1^12) IsTossig, Matetiahen zur Statistik (1887); Jacobs,

Jewish Statistics (1891) ; and Ande]6e, Zur VollcsJcu'nde der Juden
(1881). A bibliography of the Jewish question from 1875 to 1884
has been published by 'Mr Joseph Jacobs (1885). Useful additions

and rectifications will be found in the Jewish Worlds 11th Sep-

tember 1885. During the last fifteen years the anti-Somitic move-
ment has produced an immense pamphlet liteiatuie. Some of

these productions have alieady been leferied to
;
others will be

found in ouirent bibliographies under the names of the personages

mentioned, such as Stoecker, Ahlwardt, &c. On the Russian pci-

secutions, besides the works quoted by Jacobs, see the painiJilet

issued by the Russo-Jewish Committee in 1890, and the annual
reports of the Russo-Jewish Mansion House Fund ; Les Jxixfs de

Russie (Paris, 1891); Report of the Commissioners of Immigration
upon the Causes which incite Immigration to the United States

(Washington, 1892) ; The New JSxodus, by Harold Feedeeic
(1892) ; Les Juifs Russes, by Leo Eeeeea (Brussels, 1893). The
most valuable collection of facts relating to the persecutions of

1881-82 are to be found in the FeuiUes Jaunes (52 nos. ), compiled
and circulated for the information of the European press by the

Alliance Israelite of Paris. Complete collections are very scarce.

On the Rumanian question, see Bluntschli, Roumama and the

Legal Staitis of the Jews (London, 1879) ; Wir Juden (Zurich,

1883) ; ScHLOSS, The Rersecution of the Jews in Roumama
(London, 1885) ; Schloss, Notes of Information (1886) ; Sinceeus,
Juifs en Roumanie (London, 1901); Plotke, Die Rumanischen
Juden unter dem Fursten u» Konig Karl (1901) ; Dehn, Diplo-

matie Sochfi'nanz in der Rumanischen Judenfrage (1901)

;

Conybeaee, Roumania as a Fersecuting Rower {Nat Rev^

February 1901). On Hungary and the Tisza Eszlar Case,

see, besides the references in Jacobs, Nathan, Der Rrozess

•oon Tisza Eszlar (Berlin, 1892). On this case and the Blood
Accusation generally, see Weight, “The Jews and the Mali-

cious Charge of Human Sacrifice {Nineteenth Century, 1883). The
origins of the Austrian agitation are dealt with by Nitti, Catholic

Socialism (1895). This work, though inclining to anti-Semitism,

should be consulted for the Christian Socialist elements in the

whole Continental agitation. The most valuable source of informa-

tion on the Austrian movement is the Oesterreichische VTochen-

schrift, edited by Dr Bloch. See also pamphlets and speeches by
the anti-Semitic leaders, Liechtenstein, Luegee, Schoeneeee,
&o. The case of the French anti-Semites is stated by E.

Drumont in his Frame Juive; and other works ; the other side

by Isidor Loeb, Bernard Lazare, Leonce Reynaud, &c.
^

Of the

Dreyfus Case there is an enormous literature, see especially the

reports of the Zola and Picquart trials, the revision case before the

Court of Cassation, and the proceedings ofthe Rennes court-martial

;

also the valuable series of volumes hy Captain Panl Marin, MM.
Clemenceau, Reinach, Lazare, Yves Guyot, Paschal Grousset,

Urbain Gohier, De Haime, De Pressense, and the remarkable

letters of Dreyfus {Lettres d'un innocent). An English history of

the case has been published by Mr Conybeare, whose articles and
those of Sir Godfrey Lushington and Mr Maxse in the National

Review, 1897-1900, will be found invaluable by the sti^ent. On the

Al^rian question, see M. Wahl in the Reoue des Etudes Juives ;

L. Forest, Naturalisaition des IsraJlitesA Igii iens ; and E. Audinet
in the Revue Gen6rale de Droit hdernational Ruhlique, 1897, No. 4.

A good summary of the aims and literature of Zionism will be found

in the Nimteenth Cmtury, August 1897. On the histoiy of the

anti-Semitic movement generally, see the annual reports of the

Alliance Israelite of Paris and the Anglo-Jewish Association of

London, also the annual summaries published at the end of the

Jewish year by the Jewish Gh/ronicle of London. The connexion
of the movement with general party politics must be followed in

the newspapers. The present writer has worked with a collection

of newspaper cuttings numbering several thousands and ranging

over twenty years. A skeleton guide may be obtained by a careful

study of Seignoeos, JSistoire Rolitigue de VEurope Contemporaine

(1897), aided by EazelVs Annual, and Schulthess, Europaischer

Geschichtskalender. (l. W.)
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Antiv^rii or Bar, so called from its position
opposite Bari in Italy, once a town of Turkish Albania,
now Montenegrin, situated near the Adriatic Sea, 18
miles IST.W. of Scutari, and surrounded by a dense forest

of olive trees. Its old Venetian castle suffered greatly
from the siege by the Montenegrins in 1878, and is now in
ruins. There is a good harbour (Pristan) for vessels of light

draught, and a beautiful residence for the prince one hour
distant from the town, which had at one time a considerable
trade in the products of Albania, but is now of little

importance. It is the seat of a Ptoman Catholic arch-

bishop. Population, about 1500, mostly Albanians.

AntOfSclg'a.StSli a town and port on the Pacific

and the capital of the Chilian province and department
of the same name, situated in 23“ 38' 39" S. lat. and
70° 24' 39" "W. long., about 768 miles of Valparaiso.

It belonged to Bolivia until occupied in 1879 by Chile,

then at war with the former country
;

its occupation was
agreed to by Peru in 1884, and it was definitely ceded to

Chile by the treaty of 1885, The population in 1895
was 13,530 ;

in 1898 it was estimated at 16,795. It is

the head of the railway to Oruro in Bolivia, and most
of the Bolivian export trade passes through it. The
total value of the exports in 1897 was (Chilian currency)

$4,237,841; of the imports, $2,187,171. In the same
year the shipping which entered had a tonnage of 75,224
tons. The value of the Bolivian mineral products exported

through it in 1898 was $29,994,914 (Chilian currency).

The province of Antofagasta has an area of 47,918
square miles, and had in 1895 a population of 44,085. It

is divided into three departments. In 1898 the marriages

numbered 253, the births 1561, and the deaths 1093.

Antonelli, Giacomo (1806-1876), Italian Car-

dinal, was born at Sonnino, 2nd April 1806. He was edu-

cated for the priesthood, but, after taking orders, preferred

an administrative career. Created secular prelate, he was
sent as apostolic delegate to Viterbo, where he early mani-

fested his reactionary tendencies in an attempt to stamp
out Liberalism. Recalled to Rome in 1841, he entered the

office of the papal secretary of state, but four years later

was appointed pontifical treasurer-general. Created car-

dinal (11th June 1847), he was chosen by Pius IX. to

preside over the council of state entrusted with the draft-

ing of the constitution. On 10th March 1848 Antonelli

became premier of the fiirst constitutional ministry of Pius

IX., a capacity in which he displayed unscrupulous

duplicity. Upon the fall of his cabinet Antonelli created

for himself the governorship of the sacred palaces in order

to retain constant access to and influence over the Pope.

After the assassination of Pellegrino Rossi (15th November

1848) he arranged the flight of Pius IX. to Gaeta, where

he was appointed secretary of state. Notwithstanding

promises to the Powers, he restored absolute government

upon returning to Rome (12th April 1850) and violated

the conditions of the surrender by wholesale imprisonment

of Liberals. In 1855 he narrowly escaped assassination.

As ally of the Bourbons of Naples, from whom he had
received an annual subsidy, he attempted, after 1860, to

facilitate their restoration by fomenting brigandage on

the Neapolitan frontier. To the overtures of Ricasoli in

1861, Pius IX., at AntoneUi's suggestion, replied with the

famous but subsequently (1867) accepted,

too late, RicasolTs proposal concerning ecclesiastical pro-

perty. After the September Convention (1864) Antonelli

organized the Legion of Antibes to replace Prench troops

in Rome, and in 1867 secured French aid against Gari-

baldi’s invasion of papal territory. Upon the reoccupation

of Rome by the French after Montana, Antonelli again

ruled supreme, but upon the entry of the Italians in 1870
was obliged to restrict his activity to the management of

foreign relations. He wrote, with papal approval, the
letter requesting the Italians to occupy the Leonine city,

and obtained from the Italians payment of the Peter's

pence (5,000,000 lire) remaining in the papal exchequer,

as well as 50,000 scudi—the first and only instalment of

the Italian allowance ever accepted by the Holy See. At
Antonelli's death in 1876 the Vatican finances were found
to be in disorder, with a deficit of 45,000,000 lire. His
personal fortune, accumulated during office, was consider-

able, and was bequeathed entirely to members of his

family. From 1850 until his death he interfered little

in affairs of dogma and church discipline, although he
addressed to the Powers circulars enclosing the Syllabus

(1864) and the acts of the Vatican Council (1870). His
activity was devoted almost exclusively to the political

aspects of the struggle between the papacy and the Italian

Risorgimento. (h. w. s.)

Antriirii a maritime county of Ireland, province of

Ulster, bounded on the N. and N.E. and E. by the North
Channel, on the S. by Co. Down, on the S.W, by Lough
Neagh, and on the W. by Co. Londonderry.

Fop^blaiion.—^The area of the administrative county in 1899 was
711,487 acies, of which 225,926 weie tillage, 358,080 pasture, 747
fallow, 6140 plantation, 24,170 turf bog, 6538 marsh, 51,896
haiien mountain, and 37,990 water, roads, fences, &c. The new
administiative county under the Local Government (Ireland) Act,
1898, includes the portion of the town of Lisburn formeily situated
in Down, and the town of Canickfeigus, formerly a sepai'ate county,
but does not include the portion of the city of Belfast formerly
situated in Antrim. The population in ISSl waS 421,943, and in
1891, 428,128, of whom 200,514 were males and 227,614 females,
divided as follows among the difieient leligions : Presbyterians,

180,375; Roman CathoEcs, 106,390; Protestant Episcopalians,

106,244; Methodists, 14,745; other denominations, 20,162. The
increase of population between 1881 and 1891 was 1*47 per cent.,

the largest percentage of increase in Iieland. The average number
of persons to an acre was *56. Of the total population 176,923 in-

habited the rural districts, being an average of 205 persons to each
square mile under crops and pasture. In 1901 the population was
461,240, showing an increase of 7 per cent.

Education,—^The following table gives the degree of education
in 1891 (excluding Belfast and Canickfergiis) :

—

Males. Females. Total.
Percentage.

BC Pr Epis. Pxesb-

Read and write 68,437 70,920 139,357 64 6 71 8 80 5
Read only

.

10,736 16,806 27,542 17*8 16-8 13*8

Illiterate . 8202 9322 17,524 IS 1 11*4 5-r

In 1881 the percentage of illiterates among Roman Catholics was
24*0. In 1891 in the whole county there were 53 superior schools

with 3470 pupils (613 Roman Catholics and 2857 Protestants), and
735 primary schools with 67,446 pupils (15,419 Roman Catholics

and 52,027 Protestants). The number of pupils on the rolls of the
national schools on 30th September 1899 was 80,943, of whom
18,200 were Roman Catholics and 62,743 Protestants.
The following table gives the number of births, deaths, and

marriages in various years :

—

Year. Births. Deaths. Marriages.

1881 12,869 8484 2631
1891 12,459

' 9586 ' 3255
1899 13,374 9982 3582

In 1899 the birth-rate per 1000 was 31*0, and the death-rate 23 *2;

the rate of illegitimacy was 4*3 per cent, of the total births. The
total number of emigrants who left the county between Isfc May
1851 and 31st December 1899 was 249,354, of whom 144,588 were

males and 104,766 females. The chief towns in the coxmty are

Belfast, 348,965; Lisburn, 11,459; Carrickfergus, and Bally-

mena.
Administr(dion,--^pCL^ county is divided into four parliamentary

divisions—^north, mid, east, and south ; the number of registered

electors in 1900 bemg respectively 8600, 8219, 8886, and 10,381.

The rateable valuation in 1900 was £693,685, the county borough
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of Belfast being now rated separately. By the Local Go'^^rnment

(Ireland) Ant, 1898, the fiscal and administrative duties of the giand

jury (and to a less extent) of other bodies were tiansfened to a

county oounon, urban and rural district councils were established,

and under that Act the county now comprises six urban and eight

luial sanitary districts. The same Act abolished the separate

county of the town of Carriokfergus and constituted the city of

Belfast a separate county.

AgriGuUure,—ThQ following tables show the acreage under ciops,

including meadow and clover, and the amount of live stock in 1881,

1891, 1895, and 1899. The figuies for 1899 are for the new ad-

ministrative county :

—

In 1899 the total value of the cereal and other ciops was

estimated by the Registiar-General at £1,768,536. The number of

acres under pasture in 1881 was 340,120 ; in 1891, 345,554 ; and m
1899, 358,080.

Horses
and

Mules.
Asses. Cattle. Slieep. Pig-3. Goats Poultry.

1881
1891
1895

1

1899

20,748
82,14T

1 84,376

33,512

576
676
6S7
752

138,519
157,550
158,662

156,338

56,840
1

122,423
98,226

100,345

46,821
6o,835

61,205
60,860

6074
6859
5392
5825

450,180
573,384
600,865
714,595

The number of milch cows in 1891 was 64,365, and in 1899,

64,875. It is estimated that the total value of cattle, sheep, and
pigs in 1899 was £2,305,016.

In 1899 the number of holdings not exceeding 1 acre was 2678

;

between 1 and 5, 2000 ; between 5 and 15, 5346 ;
between 15 and

30, 5992 ;
between 30 and 50, 3646 ; between 50 and 100, 2374

;

between 100 and 200, 556 ; between 200 and 500, 155 ; and above

500, 46—total, 22,793. The total number of loans issued (the

number of tenants being the same as the number of loans) undei the

Land Purchase Acts, 1885, 1891, 1896, up to 31st March 1900, was
3521, amounting to £1,134,873. The number of loans sanctioned

for agricultural improvements under sect. 31 of the Land Act, 1881,

between 1882 and 1900 was 132, and the amount issued was
£11,415. The total amount issued for all classes of woiks under
the Land Improvement Acts from the commencement of operations

in 1847 to 31st March 1900 was £138,203.

Minerals.—^The following were the outputs of the various mines
in 1899,—coal, 6111 tons, iron ore, 102,262 tons, value £16,015;
rock salt, 47,055 tons, value £13,319 ; and alum clay, 8099 tons,

value £1871. The output of iron ore has been almost continually

increasing, and the production of alumina from alum clay forms a
new branch of industry. The alumina is prepared at ,works near
Larne ; 1500 tons, value £28,000, having been extracted in 1899.

fisheries,—^In 1899, 231 vessels, employing 476 hands, were
registered in the deep sea and coast fishing districts ofBallycastle and
Carriokfergus. 212 persons were employed in the salmon fishing

district of BaBycastle in the same year.

Antrim, a town in the above county, on the Six-

mile Water, 13 miles N.W. of Belfast by rail, on the Great
Nortliern Eailway. It is governed by town commissioners,

but, under the Local Government (Ireland) Act, 1898, can
apply to be constituted an urban sanitary district. Area,

198 acres. Population (1891), 1385
;
(1901), 1825.

Antwerp (French Anvers), a city, port, and strong-

hold of Belgium, capital of the province of the same name,
on the right bank of the Scheldt, about 50 miles from the

sea and 25 H. of Brussels by rail. The wall which, since the

old fortifi.cations were demolished in 1860, has shut in the

city wherever unprotected by the river, encloses the suburbs
of Borgerhout and Berchem, and measures over 8J- miles;

seventeen gates give entrance to the city, and twelve forts

serve for the defence. The city has spread rapidly within
recent years ; a new quarter has sprung up all along the
line of the old fortifications, containing many handsome
erections such as the new Art Gallery, the Law Courts,

the National Bank, the National Theatre, and the Athe-

UcEum. But it is the commercial importance of Antwerp

which above all else distinguishes the city. In this direc-

tion the dock accommodation is still insufficient for the

vast and still growing trade, though considerable exten-

sions have been carried out, and the quays now stretch

along the Scheldt for 2^ miles. These are backed by large

warehouses, on the top of which a fine promenade has been

constructed, and behind these again open out thirteen

basins of various sizes. Sixty shipping lines have their

headquarters at Antwerp, and in conjunction with numer-

ous other lines which make it a port of call place

the city in communication with every part of the

world. In 1880, 4495 vessels (2292 British) of

3,063,825 tons entered the port
;
in 1899, 5613

(3013 British) of 6,872,848 tons Imports

were valued at <£49,700,000 in 1880, and

£65,027,600 in 1899; exports at £16,533,000

in 1880, and £32,615,000 in 1899. The principal im-

ports are now, in order of importance, grain of all kinds,

raw textile materials (wool, cotton, flax, &c.), mineral ores

and metals, provisions, rice, animal products, and guano

;

the principal exports are glass-ware, wrought metal, rail-

way carriages, cement, worsted and thread. Antwerp
proper has nearly doubled its population within the last

twenty-five years. In 1875 there were 148,800 inhabit-

ants; in 1880, 169,100; in 1890, 224,000; and in

1899, 282,000. Including the two suburbs of Borgerhout

and Berchem, the total population in 1899 was 338,800.

The province of Antwerp (Fr. Anvers), Belgium,

between the Netherlands on the N. and E., the province

of Limbourg on the E., Brabant on the S., and East

Flanders on the W., is formed of the ancient territories

of the marqnisate of Antwerp and the lordship of Malines

and of a part of the ancient duchy of Brabant. The
land spreads out fiat and low. In large part Antwerp
belongs to the sandy region known as the Campine. A
canal from Antwerp to Maastricht joins the basin of the

Scheldt to that of the Meuse. Besides its important

commercial centre of Antwerp, the province carries on
the industries of shipbuilding, paper-making, woollen

textiles, and cement. It is divided into the three adminis-

trative aiTondissements of Antwerp, Malines, and Turn
hout. The province covers 1093 square miles, with a

population in 1899 of 825,000 (or 753-7 to a square

mile) against 531,750 in 1875. The arrondissement of

Antwerp had a population in 1899 of 513,500, or 1367*5

per square mile.

See Mertens bt Torfs. Geschiedmis van A7Uwerpen,—~lE,VG.

Gens. Jfftstoire de la mile d*Anvers.—G'ksA.'KD, Anvers a travers

les dges.—Uapport de la Charnbre de Commerce d'Anvers, 1898 ;
and

Annuavre statistvgue de la Belgique, 1899. (j. nu F.)

Anura.Clha.pura.1 the chief town in the north-

central province of Ceylon, and the ancient capital of the

island for twelve centuries from 437 b.c. It is an extensive

buried city,” now being gradually excavated under an
archseological survey by the government of Ceylon. Its

dagabas and other Buddhist ruins excite much interest.

It can be visited by rail and coach in two days from
Colombo; but the railway is about to be extended all

the way. Population—^town, 3000; province, 79,022.

Anziili a town of France, department of Nord, in

the arrondissement of Valenciennes, miles N.W. of that

town, of which it is a suburb, on the railway from Somain
to PAruwelz. Its metallurgical industries are very exten-

sive, and include several large establishments engaged in

the manufacture of steam engines, machinery, chain-cables,

and a great variety of heavy iron goods. The number
of puddling furnaces in operation in Anzin and Denain
in 1899 was 25. The output of coal in the same year

Wheat Oats.

Barley,
Beans,
etc

Potatoes Turnips
Other
green
Crops.

Flax,
Meadow
and

Clover
Total.

1881 4442 76,445 3892 40,027 9,471 3044 17,662 87,347 248,330

1891 1967 67,640 2380 41,598 10,402 1962 15,010 90,163 231,022

1895 741 67,858 1599 40,251 11,419 1518 15,873 98,022 236,281

1899 1359 66,020 1711 37,498 12,148 2223 8,012 96,955
j

225,026
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from the mines under the control of the Soci^t^ d’Anzin
was 2,973,000 tons, and the number of persons employed
was 12,200. Population (1891), 11,394 ; (1896), 12,606 ;

(comm.), 12,768.
^ .

Apa,mecly (l) a treasure-city, and stud-depot of the
Seleucid kings in the valley of the Orontes. Destroyed
by Chosroes in the 7th century a.d.

; partially rebuilt and
known as Fdr/iia by the Arabs

]
and overthrown by an

earthquake in 1152. The acropolis hill is now occupied
by the rums of Kal^t el-Mudik. (2) In Phrygia. Founded
by Antiochus Soter, near, but on lower ground than,
Celsense. It was situated at the exit of the Marsyas from
the hills, and became a seat of Seleucid power, and a centre
of Greco-Roman civilization and commerce. For a long
period it was one of the greatest cities of Asia Minor, but
when the trade routes were diverted to Constantinople it

rapidly declined, and its ruin was completed by an earth-

quake. An early Christian tradition, possiWy arising

from a name, Gihotus (ark), which the town bore, identihed
the neighbouring mountain with Ararat. The site is now
partly occupied by Dineir, which is connected with Smyrna
by railway, and there are extensive remains. (3) On the
left bank of the Euphrates, at the end of a bridge of boats
(2eug7nd), The Til-Barsip of the Assyrian inscriptions,

now Birejik. (4) The earlier Myrlea of Bithynia, now
Muddnia, the port of Brdsa.

Hirschfelb, “tiber Celainai-Apameia-Kibotos,” in Transac-
tions of Berhn Academy, 1876.—Hogarth, in JonmaZ of Hellenic
Studies, 1888.—^Ramsay, Cities and Bidh/yj^rics of Phrygia, vol. ii.

Oxford.

ApoldOOm, a flourishing village in the Nether-
lands, in the province of Gelderland, 17 miles north of

Arnhem. The Protestant church, burned down in 1890, '

has been restored, and an aqueduct built (1894) from the

neighbouring hills. Population (1900), 25,761.

ApennineSi the mountain backbone of Italy, some
800 miles long by 70 to 80 miles in maximum width.

The central chain, or main axis, of the Apennines may
perhaps be regarded as a flanking range of a primeval

central mass now sunk beneath the Tyrrhenian Sea, and
the Apuan Alps, a western outlier of the Northern Apen-
nines, and the mountains of Calabria, which are the oldest

parts of the system, being composed almost entirely of

crystalline rocks, as surviving fragments of the same
primeval Tyrrhenian mainland. Apart from the Apuan
Alps, the Northern Apennines consist principally of older

Tertiary formations and younger members of the Cretaceous

epoch, chiefly sandstones and marly slates, broken through

in many places by rounded protrusions of gabbro and
serpentine. These serpentine outflows occur again in the
“ compartment ” of Potenza (province, Basilicata) in the

south, but do not appear in the Central Apennines. The
Central Apennines may be briefly described as consisting

of a series of vast ellipsoidal outcrops of the limestone

core (Cretaceous to Triassic) of the system, thrust up
above the broad base of younger formations, which flank

it on east and west. South of the Esino valley and the
|

Ancona-Spoleto railway there are two clearly marked con-

tinuing ranges, with parallel strikes, the western prolong- I

ing the Catria chain and the eastern culminating in Monte
San Vicino. On the whole of the east side of the Sibilline

Mountains, one of the principal constituents of the Central

Apennines, there has been a gigantic subsidence, the face

of the rupture showing a sheer vertical altitude of some
6500 ft. The culminating peaks of this constituent range

reach an altitude of 8125 ft. in Monte de Pretara and
8010 ft. in Monte Vettore. There are snow-fields on

various peaks of the Gran Sasso dTtalia, the next (going

south) constituent chain of the Central Apennines, as

OH Monte Corno (above 8530 feet), on Pizzo Intermesole
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(above 8585 ft.), and on Monte Corvo (above 8550 ft)

;

and it is on the same chain, or rather mountain-knot, that

the only glaciers, though in a rudimentary form, occur in

the Apennines. They lie in the high valleys above the

sources of the Arno, at altitudes of 5400 ft. and upwards,
and in the valleys which feed the Venaquaro (V.e., the

Yomano), at altitudes of 6400 ft. and above. It may be
mentioned that the last surviving chamois on the Gian
Sasso is believed to have been shot in 1880. Monte
Amaro, the culminating peak of the Majella Mountains,
the next constituent chain, reaches an altitude of 9170 ft.

Except for small quantities of anthmcite and sulphur, the
Apennines contain no minerals, but possess several mineral
springs, of which the best known are those at Lucca,

Montecatini, San Casciano, Porretta, and Telese. In
very many cases the valleys on the east of the Apen-
nines differ from those on the west, in that they are not
only shorter, but run transversely to the main axis of the

system
;
whereas, on the west or Mediterranean side, they

frequently lie parallel to the axis. The most notable ex-

amples of the latter are the upper valleys of the Amo
and the Tiber. Above 3000 ft. the Apennines are in

general bare and barren of vegetation, except for a little

scrub and some scanty pasture in summer; but below
that limit their slopes are as a rule the reverse, being well

planted with vines, olives, chestnuts, orange, citron, and
other fruit trees, besides yielding the usual crops. Of the

Apennine lakes. Lake Fucino was drained and made amen-
able to cultivation in 1876, after more than twenty years^

labour, and Lake Trasimeno was provided with a second

outlet in 1896-98. The project of draining the latter,

originally suggested by Napoleon I., has been repeatedly

under consideration, but as yet has come to nothing. The
lakes of Bolsena, Vico, Bracciano, and Albano lie west of

the main chain, and are volcanic-crater lakes. The central

ranges of the Apennines exercise, as might be expected,

an important influence upon the local climatic conditions

on both the Adriatic and Atlantic versants. One con-

sequence of their position is that the extremes of tempera-

ture diminish as one descends towards the coast, as well

as proceeds towards the south. On the Adriatic side, that

is, in the provinces of Emilia (part), Umbria, the Marches,

and the Abruzzi, the annual mean does not exceed 57° F.,

the January mean 38T°, or the July mean 75*2°, The
difference between the absolute maximum of 100*4° (at

Forli) and the absolute minimum of 5° (at Camerino)

ajmounts to 95*4°. The higher parts, as represented by
Urbino (1481 ft. above sea-level) and Camerino (2177 ft.),

have naturally a lower annual mean (53°) than places

near the coast, such as Forli (163 ft.), Jesi (332 ft.), and

Ancona (52 ft,), whose annual mean is 59*6°. On the

Mediterranean side the annual mean is somewhat higher

than the general mean of the Adriatic side, namely, 57*7°

(Perugia, at 1706 ft., having a mean of 55*2°, and Leg-

horn, at 78 ft., 59*7°); but the January mean is appre-

ciably higher, namely, 41*5°, though the July mean is

practically the same, 75*4°. The range between the ex-

tremes—105*1° at Florence and 12*2° also at Florence

—

is also less, namely, 92*9°. Farther south, in Apulia,

Basilicata, and Calabria, the annual mean is 58*1° (Potenza,

2711 ft., 50*2°; Lecce, 236 ft., 61*9°); the January mean,

42*9°
; and the July mean, 75*1°. The extremes lie at 93*9°

(Lecce), and 13*6° (Potenza). The heaviest rainfall occurs

as a rule in the higher mountainous parts
;
for instance, at

Urbino, an average of 39J inches falls annually (period of

observations, 43 years) ; at Camerino, 38Jin. (47 year^;

at Siena, 30J in. (55 years)
;
at Florence, 34J in. (65

years); and at Cosenza, 42 in. (19 years). But to this

there are some exceptions ; for instance, at Aquila, under

the shelter of the Gran Sasso, the annual average is only
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25-| in, (20 years)

j
and at Potenza, in the valley of the

Basento, it is 24 in, (15 years). On the west side of the

peninsula the rainfall is relatively heavier than on the

east : at Eome, 30J in, (69 years)
;
and Naples, 32 in.

(73 years)
;
as compared with 26^ in, at Ancona (30

years), and 23 in. at Lecce (19 years). The main chain

of the Apennines is now crossed or pierced by a dozen

railway lines, e,g.^ by the line from Genoa to Alessandria,

Savona to Turin, Spezia to Parma, Pistoja to Bologna,

Ancona to Eome, the Sulmona- Pescara line, Naples to

Foggia, Salerno to Tarento, and others. The inhabitants

of the once inaccessible Abruzzis have now almost entirely

abandoned their brigand habits, and are taking to the

breeding of silkworms and the spinning of silk. Many of

them, being still desperately poor, emigrate eveiy summer
as labourers to the big estates oi the Agro Eomano, be-

tween the Tiber and Civitavecchia.

See Pautsch, in Verhandlwrigen d, Ges. f. Erdkwnde au Berlin,

vol. i. (1889).

—

Marinelli, in Atti of the First Italian Geog. Oon-

gi*ess, vol. ii. 2, pp. 637 et seq, ; Globus, vol. Ixxvi, (1899) ;
and

tor the meteorology, Annuario Statistico Itahano, 1895 (Rome,

1896). j. T. Be
)

APOCALYPTIC AND APOCBYPHAL LITEEATUEB.

The apocalyptic and apocryphal books of Scripture

have been generally treated under two distinct heads,

but such a method is certainly unadvisable, since the former

literature constitutes in reality a subdivision of the latter.

For a general introduction to both these literatures the reader

should consult Bncy,Brit, ii. 174-184; E%cy,Bihlica, i. 213-

215, 249-250; Hastings’ i. 109-123;

Kautzsch, Ajpokryphen u. Pseudepigraplien, i. pp. xi.-xxiii.

Biblical Apocrypha,—These books will be dealt with

under their appropriate heads. They stand in the English

Bible in the following order :—1 Esdras, 2 Esdras, Tobit,

Judith, Additions to Esther, Wisdom of Solomon, Ecclesias-

ticus, Baruch, Epistle of Jeremy, Additions to Daniel

(Song of the Three Holy Children, History of Susannah,

and Bel and the Dragon), Prayer of Manasseh, 1 Maccabees,

2 Maccabees. It is hardly possible to form any classifica-

tion which is not open to some objection. In

any case the classification must be to some ex-

tent provisional, since scholars are still divided

as to the original language, date, and place of composition

of some of the books which must come under our classifica-

tion.^ In the first place, we must treat separately the

Old Testament and the New Testament literature of this

nature. In the next place we must discriminate (I.) the

Palestinian and (II.) the Hellenistic literature of the Old
Testament. The former was generally written in Hebrew
or Aramaic, and seldom in Greek

;
the latter naturally in

Greek. Next, within these literatures we shall distinguish

three or four classes according to the nature of the subject

with which they deal. Thus the books of which we have

to treat will be classed as—(i.) Historical, (ii.) Legendary
(Haggadic), (iii.) Apocalyptic, (iv.) Sapiential, or belong-

iag to the Wisdom Literature.

Old Testament Apocalyptic and Apocryphal
Literature.

I.—Palestinian Jewish
Literature.

(i.) EistoricaL

1 Ezra.

1 Maccabees,
History of Johannes Hyreanus.

(iL) Legendary,

Book of Baruch.
Rest of the Words of Baruch.
Martyrdom of Isaiah.

Book of Jubilees,

Judith.

Pseudo-Philo's Liber Antiquita-
tum.

Book of Adam.
Jannes and Jambres.
Joseph and Asenath,

(iii.) Apocalyptic.

Apocalypse of Abraham.
Apocalypse of Baruch.
Ethiopia Book of Enoch.
4 Ezra.

Assumption of Moses.

Book of Noah,
Testament of the XII Patriarchs.

Psalms of Solomon,
Prayer of Jos(mh.

Book of Elda<i and Modad.
Apocalypse of Elijah.

Apocalypse of Zephaniah.

(iv.) Wisdom Ziteratme,

Pirke Aboth.
Sirach.

^ Thus some of the additions to Daniel and the Prayer of Manasses
are most probably derived from a Semitic original written in Palestine,

yet in compliance with the prevailing opinion they are classed under
Hellenistic Jewish literature. Again, the Slavonic Enoch goes back
undoubtedly in parts to a Semitic original, though most of it was
written hy a Greek Jew in Egypt,

IL—Hellenistic Jewish
Literature.

(L) Historical and Legendary,

Additions to Daniel.

Additions to Esther.

Epistle of Jeremy.
2 Maccabees.

3 Maccabees.

Prayer of Manasseh.
Tobit.

(ii.) Apocalyptic,

Slavonic Enoch.
Oracles of Hysta&pes.
Testament ot Job.

Testaments of the III Patriarchs.

Sibylline Oiacles.

(iii.) Wisdom Literature,

4 Maccabees.
Wisdom of Solomon.

I.

—

Palestinian Jewish Literature.

(i.) Historical.

1 Ezra or Esdras,—This book called ’'Eo-3pa§ a in the

LXX. and “ Liber tertius Esdras ” in the Vulgate (see Ency,

Brit, viii. 541-542) may safely be regarded as a translation

from a Hebrew-Aramaic original with the exception of the

independent section iii. 1-v. 6, w'hich is probably from the

Greek (see Nestle, Margvmlim und Materialien^ 1893,

pp. 23-29
;
Thackeray in Hastings’ Bible Diet, i. 758-763

;

Volz in Ency. Biblica^ ii. 1488-1494). Since, with the

above-named exception, this book is an early translation

from a text superior in many instances to that of the

canonical books of 2 Chronicles, Ezra, and Nehemiah, so far

as these deal with the rebuilding of the temple, it is of

no little value in the critical emendation of the texts of

those books (Driver, Introd, to Literature of 0,T. p. 554).

Gwynn and Thackeray adduce some grounds for the view

that this translation and that of the LXX. of Daniel are

from the same hand (see Diet, Christ. Biog, iv. p. 977 note).

Sir H. Howorth’s opinion {The Academy^ 1893, pp. 13, 60,

106, 174, 326, 524) that this book is more trustworthy

than the canonical Ezra has much to be said in its favour.

Its date is very uncertain. Schurer contents himself with

saying that its composition must be placed before the time

of Josephus. Fritzsche declares it cannot be earlier than

the 1st century b.c, (so Ewald, De Wette).

1 Maccabees,—To the account of this work in Ency, Brit,

zv. 131, it will not be necessary to add more than a few

facts. The general credibility of the book is recognized

by recent as well as by earlier research. WiUrich {Juden

wnd Griechen vor der Makkab, Erhehung^ 1895) has given

good grounds for assuming that the thirteen letters repro-

duced in the book have been added by its Greek translator

from a collection of such authorities in Jerusalem.

Greek MSS, and Teicfe.—The following MSS. contain 1 Macca-

bees ; K, A, Codex Yenetus, and 15 cursives. There are several

editions of the text. The textus reeeptus is found in the Sixtine

edition of the LXX. 1587, which is based on the Cod. Venetus

and on certain unnamed cursives. This text is followed by
Parsons and Holmes (Ketus Testamentum Greece, 5 vols. 1798-

1827), who append the variants of 15 cursives, and Tischendorf

[V, T, Greece^ 2 vols. 1887). Fritzsche {Lihri etpoc, V, T, 1871)

gives an independent text based on A, Cod. Yen, and the

enrsives in Parsons and Holmes's edition. Finally Swete prints

A with variants from fcC and Cod. Yen. (5%^ Old Testament in

Greek a/scording to the SepUmgint, 3 vols. 1887-94).
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Syriac and Latin Tersions.—There is no ancient Ethiopic

version, but there are Syriac and Latin versions. The Syriac
appeals in two forms : the first is that in the Peshitto from the
Greek text of Lucian (preserved in the cursives 19, 64, 93) ; the
second is that published by Ceriani from a 6th-century MS. The
latter agrees more closely with the Greek, and is piobably the
lesult ot a revision of the older text with the help of a Greek text
(seeG. Schmidt, Zeitschrift f, d, alttesL JFissensch. 1897, xvii. 1-47,
230-262). There are also two forms of the old Latin version

:

the first is that of the Vulgate, and the second is found in a
Complutensian MS in Milan Library.

Translations aiid Oornmcntaries,—The most trustworthy English
translations are those in the Variorum Bible and in the Revised
Version, and the best commentaries those of Rawlinson in the
Speaker’s Apocrypha and Fairweather and Black, The First Booh of
Maccabees, 1897. In German there is nothing equal to Kautzsch’s
translation {Apoh, nnd Fseud. 1900, i. 24-81) and to Giimm’s Das
erste Such der Maccabaer erhlart, 1853. On the literature generally,
see Schurer, Gesch. d. Jud. Vblkes^ lii. 141-146.

History ofJohanms Hyrcanus.—^This work is mentioned
in 1 Macc. xvi. 23, 24, but no trace of its existence has

been discovered elsewhere.

(ii.) Legendary or Haggadic Woi^hs.

Booh of Baruch,—^Recent criticism has in some respects

diverged from the account of this book in JEncy. Brit, iii.

404-405. Thus most scholars, such as Eritzsche, Hitzig,

Kneucker, Hilgenfeid, Reuss, agree in assuming that i.-iii.

8 and iii. 9-v. 9 are from distinct writers. But some
critics have gone further. Thus Rothstein (Kautzsch,

Apoh. und Fseud. i. 213-215) holds that there is no unity

in iii. 9-v. 9, but that it is composed of two independent

writings—^iii. 9-iv. 4 and iv. 5-v. 9. Marshall (Hastings’

Bible Diet i. 251-254) gives a still more complex analysis.

He finds in it the work of four distinct writers—i. 1-14,

i. 15-iii. 8, iii. 9-iv. 4, iv. 5-v. 9. Though most modern
writers, as Cornill, Gifford, Schurer, &c., advocate a

Hebrew original of i.-iii. 8 and a Greek original of the

rest, Rothstein, Kneucker, and Konig hold fast to the

view of the older exegesis that the whole book is derived

from the Hebrew. Marshall, on the other hand, argues

for the view that i.-iii. 8 is translated from the Hebrew,
iii. 9-iv. 4 from' the Aramaic, and that iv. 5-v, 9 was
originally written in Greek.

Commentaries, dsc.—In addition to those enumerated in Bnay,
Brit, iii. 405, the most valuable of the more recent works is

Kneucker’s Das Buch Baruch, 1879 ; Gifford’s in Speaker’s Apoc. ii.

Date.—The dates of the various constituents of this book are

quite uncertain. Ewald, followed by Gifford and Marshall, assigns

i.-iii. 8 to the period after the conquest of Jerusalem by Ptolemy I.

in 320 B.c.
;
Reuss to some decades later ; and Fritzsche, Schrader,

Keil, to the times of the Maccabees. Hitzig, Kneucker, and
Schurer assume that it was written after a.d. 70. Ryle and James
{Psalms of Solomon, pp. lxxii.-lxxvii.) hold that iv. 31-v. 9 is de-

pendent on the Greek version of Ps. xi., and that accordingly

Baruch was reduced to its present form after a.d. 70.

Best of the Words of Baruch.—^This book is most prob-

ably of Jewish authorship and its present form due to a

Christian hand, as Kohler {Jewish Quarterly Beview, 1893,

pp. 407-419) has shown. It has been preserved in Greek,

Ethiopic, Armenian, and Slavonic (see Schurer^, iii. 286,

287). The Greek was first printed at Venice in 1609, and

next by Ceriani in 1868 under the title “ Paralipomena

Jeremise” in his Monumenta Sacra, v. 11-18, and by
Rendel Harris in 1889. Harris regards it in its present

form as an Eirenicon addressed to the Jews by a Christian

after the rebellion of Bar-Cochba.

Martyrdom of Isaiah.—^This Jewish work has been in

part preserved in the Ascension of Isaiah. To it belong

i. 1, 2^, 6M3® j ii. 1-8, lO-iii. 12; v. 1^-14 of that book.

It is of Jewish origin, and recounts the martyrdom of

Isaiah at the hands of Manasseh. For the Christian

elements of the Ascension of Isaiah, see “ Testament of

Hezekiah ” and “ Vision of Isaiah.”

Original Language and Date,—^This was most probably writteu
in Hebrew or Aramaic, but there is not sufficient evidence to

determine this question definitely. As regards the date we may
safely conclude that it was written not later than the 1st century
A.D. Thus it was well knowm to Origen {Ep, ad Africanum, ix.,

Lommatzsch, xvii. 31 ;
In Matt xxiii. 37, Lommatzsch, iv. 237, &c.).

Still earlier it was known to Tertulliau {De Pat. 14) and to Justin

Maityr {Dial. c. Tryph. cxx.). Thus it was current early in the
2nd century. It was probably known to the writer of the Epistle

to the Hebrews (xi 37). This brings us, if the last reference is

trustworthy, to the 1st century a.d., and this no doubt is the
right date, for it is highly improbable that Jewish WTitings of the
2nd century should gain curiency in the Christian Church.

Gh'cek Version.—The Greek version, as edited in the Ascension,

has in part been just recovered and published by Grenfell and
Hunt {Amherst Papyri, 1900, i. 1-22)

;
see also Charles, Ascension

ofIsaiah, 1900, pp. xxii. -xxxiii. 84-95), where this text is critically

edited and compared with all other existing authoiities. This
maityrdom was known to the wiiter of the Opus Imperfectum (see

Montfaucon’s edition of Chrysostom, vi. pp. xx. xxi.) in its

original form before it was incoiporated in the Ascension (see

Charles, op. cit. pp. xl.-xlii., xliv. 8, 9).

Ethiopic Version.—This was first edited by Laurence in 1819
from one MS., in 1877 by Dillmann from three {Ascensio Isaiae

jEthiopice et Latine), and in 1900 by Charles from a more accurate

collation of the same three MSS., together with the other versions.

This version admirably represents the original. Two of the three

MSS. are excellent.

Latin Version.—Of this ii. 14-iii. 13 was discovered and edited

in 1828 by Mai. This was reprinted by Dillmann in 1877 in his

edition of the Ascension, and in 1900 by Charles after a fresh

collation of the Vatican palimpsest. On the relation of the
vaiious versions, see Charles, pp. xviii. -xxxiii.

Modern Translations.—Besides Laurence’s Latin and English
translations, which are not trustworthy, there are Dillmann’s Latin
translation, Basset’s French {Dascension d’lsaie, 1894), Beer’s

German {Apoh. und Pseud, ii. 124-127), and Charles’s English
{op. cit. pp. 1-18, 40-42). For bibliography, see also Schurer,

Gesch. des Jud. Volhes^, iii. 284-285.

Jubilees.—^Tliis book is variously entitled rot Ho>/?')]A.afca,

06 Tci)^tjA,a 606
,

Yj Xeirri] Veveens, ra XeTrra Feveo’ceos, M6Kpo-

yeveerts in Greek, and “The Book of the Division” in

Ethiopic. It is really an Haggadic commentary on
Genesis, and is practically the sole monument of legalistic

Pharisaism belonging to the latter haK of the 2nd cen-

tury B.C., and is a characteristic example of that form of

religion against which the Pauline dialectic was directed

(see Ency. Brit. ii. 176-177). It has a secret apologetic

aim. It defends and justifies the assumption of the high

priesthood by the Maccabees.

Original Language,—This hook, as the production of a strict

Pharisee, was naturally written in Hebrew. This Hebrew was not
free from Aramaic forms, as we infer from the formation of the

proper name “Mastema” and from the statement of Jerome {Ep.

ad FaMol, 78 ;
mansione, 18). On the other hand, a large number

of passages cannot be intelligibly translated unless on the pre-

supposition of a Hebrew original (see Charles, Ethiopic Version of
Bebrew Booh of Jubilees, pp. ix. x. ; Littmann in Kautzsch’s Apoh.
und Pseud, ii. 34, 35). Fragments of the original Hebrew are still

found in certain Midrashim.
Versions : Greeh, Syriac, Ethiopic, and Latin.—^Large fragments

of the Greek version have come down to ns in Epiphanius and such
annalists as Syncellns and Cedrenns. Only a few lines survive of

the Syriac. Both these were made from the original. As regards

the two latter versions, which are derived from the Greek, the

whole of the Ethiopic survives and about one-fourth of the Latin.

The latter was first published by Ceriani in 1861, next by Ronsch
(Das Buch der Jubilaen) in 1874, and by Charles in his edition of

the Ethiopic text.

Ethiopic Text and Translations.—^This text was first edited by
Dillmann from two MSS. in 1859, and in 1895 by Charles from
four. In the latter edition, the Greek and Latin fragments are

printed together with the Ethiopic. The hook was translated into

German by Dillmann from one MS. in Ewald’s JdhrbUcher, ii, lii

1850, 1851, and by Littmann (in Kantzsch’s Apoh. und Pseud, ii.

39-119) from Charles’s Ethiopic text ; in English by Schodde
{Bibl. Saar. 1885) from Dillmann’s text, and by Charles {Jewish

Quarterly Pteuiew, Oct. 1893, July 1894, Jan. 1895) from the text

afterwards published in 1895.

Date omd Author.—Jubilees was written after 135 B.O,, when
J. Hyrcanus became ecclesiastical and civil head of the nation,

and before 95 B.C., when the entire body of the Pharisees was at

strife with his successor Jannaus (see Bousset, Z&Uschr. f. NT-
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liche fVissenschaft, 1900, pp. 198-201). The author was not a

Hellenistic Jew, as Frankel supposes, nor a Samaritan, as Beer

thought, nor yet an Essene, but essentially a Pharisee in the most

rigorous sense of the term (see Ency, Biblical i. 232 j
Kautzsch,

cit. ii. 36-37).

Bihlioqrap'hy.’—^QQ Ericy. BriL ii. 177 ;
Schurer, Gesch. d. Jvd.

VolTces, in. 277-280, The first commentary on the whole text, by
Charles, was published in 1902.

Judith,—This book (see Ency. Brit, xiii. 765-766)

was written originally in Hebrew. This is shown not

only by the numerous Hebraisms, but also by mistransla-

tions of the Greek translation, as in ii. 2, iii. 9, and other

passages (see Fritzsche and Ball m Zoc.), despite the state-

ment by Origen {Ep. adAfric, 13) that the book was not

received by the Jews among their apocryphal writings.

In his preface to Judith, Jerome says that he based his

Latin version on the Chaldee, which the Jews reckoned

among their Hagiographa. Ball {Speaker's Apocrypha, i.

243) holds that the Chaldee text used by Jerome was a

free translation or adaptation of the Hebrew. The book

exists in two forms. The shorter, which is preserved only

in Hebrew (see under Hebrew Midrashim below), is, accord-

ing to Scholz, Lipsius, Ball, and Gaster, the older. The
longer form is that contained in the versions.

Greek Version.—This is found in three recensions
: (1) in A B, ;

(2) in codices 19, 108 (Lucian’s text)
; (3) in cod. 58, the source

of the Old Latin and Syriac.

Syriac and Latin Versio7is.—Two Syriac versions were made
from the Greek—^the first, that of the Peahitto

;
and the second,

that of Paul of Telia, the so-called Hexaplaric. The Old Latin

was derived from the Greek, as we have remarked above, and
Jerome’s from the Old Latin, under the control of a Chaldee
version.

Later Hebrew MidrasMin,—These are printed in JellineVs -Sei

ha-Midrasch, i. 130-131 ;
ii. 12-22

; and by Gaster in Proceedings

of the ^Society of Biblical Archaeology, 1894, pp. 166-163.

Bate,—^The book in its fuller form was most probably written in

the 1st century, before the Christian era. The writer places his

romance three centuries earlier, in the time of Ochus, as we may
reasonably infer from the attack made by Holofernes and Bagoas on
Judaea ;

for Artaxerxes Ochus made an expedition against Phoenicia

and Egypt in 350 B.O., in which his chief generals were Holofernes

and Bagoas.

Eemd Literature,—Ball, Speaker's Apocrypha, 1888, an excellent

piece of work ; Scholz, Las Buch Judith % 1896 ;
Lohr, Apok.

und Pseud, 1900, ii, 147-164; Porter in Hastings’ Bible Diet.

ii. 822-824
;

Gaster, Ency. Biblica, ii. 2642-2646. See Ball, pp.
260-261, and Schurer, in loc., for a Ml bibliography.

Psevdo-Fhilds LiberAntiquitatumBiblicarwm.—Though
**i;he Latiu version of this book was thrice printed in the

16th century (in 1527, 1550, and 1599), it was practically

unknown to modern scholars tiU. it was recognized by
Oonybeare and discussed by Cohn in the Jewish Quarterly

Review, 1898, pp. 279-332. It is an Haggadic revision of

the Biblical history from Adam to the death of Saul, Its

chronology agrees frequently with the LXX. against that

of the Massoretic text, though conversely in a few cases,

The Latin is undoubtedly translated from the Greek.

Greek words are frequently transliterated. While the

LXX. is occasionally followed in its translation of Biblical

passages, in others the Massoretic is followed against the

LXX., and in one or two passages the text presupposes a

text dififereut from both. On many grounds Cohn infers

a Hebrew original. The eschatology is similar to that

taught in the shnilitudes of the Book of Enoch. In fact,

Eth. En. li. 1 is reproduced in this connexion. Prayers

of the departed are said to he valueless. The book was
written after a.d. 70; for, as Cohn has shown, the exact

date of the fall of Herod’s temple is predicted.

Lost Legends—The Adam Boohs.—^That there was a

Jewish book or books of Adam, which recounted the life

of Adam and Eve after the Fall, we must conclude from
the host of Christian apocryphs which have this subject

for their theme. These are found in Greek, Syriac,

Ethiopic, Arabic, Armenian. A Jewish book of Adam is

mentioned in the Talmud and likewise in the Gonstitutiones

Apost. vi. 16. See Smith’s Dictionary of Christian Bio-

graphy, i. 34-39 ; Ency. Bibl, i. 253 ;
Schurer, Gesch, d.

Jud, Volhes, iii. 287-289.

Jannes and Jambres.—These two men are referred to

in 2 Tim. iii. 8 as the Egyptian magicians who withstood

Moses. The book which treats of them is mentioned by
Origen {ad Matt, xxiii. 37 and xxvii. 9 \Jannes et

Mambres Liberf), and in the Gelasian Decree as the

Poenitentia Jamnis et Mambre. The names in Greek are

generally Havvijs koI 'la/i/SpiJs ( = d'-id.'D'i D'r) as in the Targ.-

Jon. on Exod. i. 15; vii. 11. In the Talmud they appear

as KTOoi '^nv. Since the western text of 2 Tim. iii. 8 has

Ma/i/3/wJs, Westcott and Hort infer that this form was
derived from a Palestinian source. These names were

known not only to Jewish but also to heathen writers,

such as Pliny and Apulcius. The book^ therefore, may go

back to pre-Christian times. (See Schurer®, iii. 292-294

;

Ency, Biblica, ii. 2327-2329.)

Joseph and Asenath.—The statement in Gen. xli. 45,

50 that Joseph married the daughter of a heathen priest

naturally gave olFence to later Judaism, and gave rise to

the fiction that Asenath was really the daughter of

Shechem and Dinah, and only the foster-daughter of

Potipherah (Targ.-Jon, on Gen. xli. 45 ;
Tractat. Soph&rim,

xxi. 9; Jalhut Shimoni, c. 134. See Oppenheim, AhSitZa

Josephi et Asenethae, 1886, pp. 2-4). Origen also was
acquainted with some form of the legend {Selecta in Genesin,

ad Gen. xli. 45, ed. Lommatzsch, viii. 89-90). The Christian

legend, which is no doubt in the main based on the Jewish,
is found in Greek, Syriac, Armenian, Slavonic, and
mediaeval Latin. Since it is not earlier than the 3rd or

4th century, it will be sufficient here to refer to Smith’s

Diet, of Christ. Biog, i. 176-177
;
Hastings’ Bible Diet, i.

162-163; Schurer, iii. 289-291.

(iii.) Apocalyptic Literaiure.

Apocalypse of Abraham,—This book is found only

in the Slavonic (edited by Bonwetsch, Studien zur

Geschichte d, Theologie und Kircke, 1897), a translation

from the Greek. It is of Jewish origin, hut in part

worked over by a Christian reviser. The first part treats

of Abraham’s conversion, and the second forms an
apocalyptic expansion of Gen. xv. This book was
possibly known to the author of the Clem, Recognitions,

i, 32, a passage, however, which may refer to Jubilees.

It is most probably distinct from the airoKoXvxj/Ls ^A/Spad/x

used by the Gnostic Sethites (Epiphanius, Hoer, xxxix.

5), which was very heretical. On the other hand, it is

probably identical with the apocryphal book 'A/Spadp.

mentioned in the Stichometry of Hicephorus, and the

Synopsis Athanasii, together with the Apocalypses of

Enoch, &c,

Syriac Apocalypse of Baruch.—This apocalypse has

survived only in the Syriac version, of which Ceriani dis-

covered a 6th-century MS. in the Milan Library. Of this

he published a Latin translation in 1866 {Monumenta
Sacra, 1. ii. 73-98), which Fritzsche reproduced in 1871
{Libri Apocrypki V, T, pp. 654-699), and the text in

1871 (Mem, Saara, Y. ii. 113-180), and subsequently in

photo - lithographic facsimile in 1883. Chaps. Ixxviii.-

Ixxxvi., indeed, of this hook have long been known.
These constitute Baruch’s epistle to the nine and a-half

tribes in captivity, and have been published in Syriac

and Latin in the London and Paris Polyglots, and in

Syriac alone from one MS. in Lagarde’s Libri V, T.

Apocryphi Syr, 1861 ;
and by Charles from ten MSS.

(Apocalypse of Barwch, 1896, pp, 124-167\ The entire
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book Tvas translated into English by the last-named \mter
(op. dt. pp. 1-167), and into German by Eyssel
(KautzscFs Apolc. mid Fseud. 1900, ii, pp. 413-446). The
Syriac is translated from the Greek

;
for Greek words are

occasionally transliterated, and passages can be explained
only on the hypothesis that the wrong alternative meanings
of certain Greek words w^ere followed by the translator.

The Greek in turn is derived from the Hebrew, for un-
intelligible expressions in the Syriac can be explained and
the text restored by retranslation into Hebrew. Many
paronoTnasioB discover themselves in the course of such
retranslation (see Charles, Apoc. Bar. pp. xliv.-liii.). The
necessity of postulating a Hebrew original was first shown
by the present writer, and has since been maintained by
Wellhausen (Sldzz&ti u. Yorai'heitm^ vi. 234) and by
Eyssel (Apoh. und Pseudejdg. A. T. 1900, ii. 411). The
final editor of the work writes in the name of Baruch, the
son of Neriah. The time extends from the eve of the
capture of Jerusalem by the Chaldees till after its accom-
plishment. If the letter to the tribes in captivity (Ixxviii.-

Ixxxvi.) be disregarded, the book falls into seven sections

separated by fasts, save in one case (after xxxv.) where the
text is probably defective. These sections, which are of

unequal length, are—(1) i.-v. 6 ; (2) v. Y-viii.
; (3) ix.-xii-

4 ; (4) xii. 5-xx.
\ (5) xxi.-xxxv.; (6) xxxvi.-xlvi.; (7) xlviL-

Ixxvii, These treat of the Messiah and the Messianic king-

dom, the woes of Israel in the past and the destruction of

Jerusalem in the present, as well as of theological questions

relating to original sin, free will, works, the number of the

saved, the nature of the resurrection body, <fec. The views
expressed on several of the above subjects are often conflict-

ing. In one class of passages there is everywhere manifest

a vigorous optimism as to Israel’s ultimate well-being on
earth, and the blessedness of the chosen people in the

Messianic kingdom is sketched in glowing and sensuous

colours (xxix., xxxix.-xl., lxiii.-lxxiv.). Over against these

passages stand others of a hopelessly pessimistic character,

wherein, alike as to Israel’s present and future destiny on
earth, there is written nothing save “lamentation, and
mourning, and woe.” The world is a scene of corruption,

its evils are irremediable, its end is nigh, and the advent

of the new and spiritual world at hand. The first to draw
attention to the composite elements in this book was
Kabisch (Jahrhilcher f. protest. Theol. 1891, pp. 66-107).

This critic regarded xxiv, 3-xxix., xxxvi.-xl., and liii.-lxxiv.

as independent sources written before the fall of Jerusalem,

A.D. 70, and his groundwork, which consists of the rest of

his book, with the exception of a few verses, as composed
after that date. All these elements were put together

by a Christian contemporary of Papias. Many of these

conclusions were arrived at independently by a French
scholar, De Faye (Les Apocalypses Jmves^ 1892, pp. 25-

28, 76-103, 192-204). The present writer (Apocalypse of
Ba/ruch^ 1896, pp. liii.-lxvii.), after submitting the book to

a fresh study, has come to the following conclusions :—The
book is of Pharisaic authorship and composed of six in-

dependent writings— A^, A^, B^, B^. The first

three were composed when Jerusalem was stitL standing

and the Messiah and the Messianic kingdom were

expected : A^, a mutilated apocalypse =xxvu.-xxx. 1 ; A^,

the Cedar and Vine Vision — xxxvi.-xl.; A^, the Cloud Vision

— liii.-lxxiv. The last three were written after a.d. 70,

and probably before 90. Thus B® -= Ixxxv. was written by
a Jew in exile, who, despairing of a national restoration,

looked only for a spiritual recompense in heaven. The
rest of the book is derived from B’- and B^, written in

Palestine after a.d. 70. These writings belong to very

different types of thought. In the earthly Jerusalem

is to be rebuilt, but not so in B® : in the former the exiles

are to be restored, but not in the latter
;
in the former a

Messianic kingdom without a Messiah is expected, but no
earthly blessedness of any kind in the latter, &c. B^ = i.-

ix. 1, xxxii. 2-4, xliii.-xliv. 7, xlv.-xlvi., Ixxvii.-lxxxii., Ixxxiv.,

ixxxvi.-lxxxvii. B^ — ix.-xxv., xxx. 2-xxxv., xli.-xlii., xliv.

8-15, xlvii.-lii., Ixxv.-lxxvi., Ixxxiii.

The above critical analyses were attacked and rejected by Clemen
{Stud, und Knt. 189S, 211 sqq.). He fails, however, in many
cases to recognize the difficulties at issue, and those which cannot
be ignored he sets down to the conflicting apocalyptic traditions
on which the author was obliged to draw for his subject-matter.
Though Eyssel (Eautzsch, Apok, n. Psevd. des A. T. ii. 409)
has followed Clemen, neither has given any real explanation of
the disorder of the book as it stands at piestnt.

Relation to 4 Ezra.—The affinities of this hook and 4 Ezra ap:&

so numeious (see Charles, op. at. 170-171) that Ewald and Ryle
assumed identity of authorship. But their points of divergence
are so w'eighty (see op. at. pp. lxix.-lxxi.) that this view cannot
be sustained. Three courses still remain open. If we assume
that both works are composite, we shall pei force admit that some
of the constituents of 4 Ezra are older than the latest of Baruch
and that other constituents of Baruch aie decidedly older than the
remaining ones of 4 Ezra. On the other hand, if we assume unity
of authorship, it seems impossible to arrive at finality on the
chronological relations of these two w'orks. Langen, Hilgenfeld,
AVieseler, Stahelin, Renan, Hausiath, Drummond, Dilimann,
Rosenthal, Gunkel, have maintained on various grounds the
priority of 4 Ezra ; and Schurer, Bissell, Thomson, Deane, Kabisch,
De Faye, Wellhausen, and Ryssel the piiority of Baruch on grounds
no less convincing.

Integrity of the Book.—In Ixxvii. 19 it is said that Baruch wrote
two epistles, one to the nine and a-half tribes and the other to the
two and a-half at Babylon. The former is found in Ixxviii. -Ixxxvi ;

the latter is lost, but is probably preserved either wholly or in paib
in the Book of Baruch, iii. 9-iv. 29 (see Chailes, op. at. pp. Ixv.-
Ixvii.). On the other hand, it is not necessary to infer from Ixxv.
that an account of Baruch’s assumption w’as to be looked for in
the book.

Literature.—In addition to the woiks cited above, see Rosenthal,
Vier apokryphische Bucher, 1885, pp. 72-103

;
Deane, PsciidepU

grapJia, 1891, pp. 130-162. For a full bibliography see Schurer,
Gesch. d. Jud. Yolkes% 1S9S, iii. 223-232, and Charles {op. eit. pp.
xxx.-xlii.).

Bthiopic Booh of Enoch .—This is the most important
of aU the apocryphal or psendepigraphal writings for the

history of religious thought (see Charles, Booh of Enochs
33-53, 312-317, Eschatology : Hehr&w, J&ivish, and Chris-'

tian, 1899, pp. 182-192, 203-219). It is quoted by name
as a genuine production in the Epistle of Jude 14 sq., and
it lies at the base of Matt. xix. 28 and John v. 22, 27,

and other passages. It had also a vast indirect influence

on the Palestinian literature of the 1st century of our era.

Like the Pentateuch, the Psalms, the Megilloth, the Pirke

Aboth, this work was divided into five parts,with the critical

discussion of which we shall deal below. Modern scholars

are agreed that Enoch was originally written in Hebrew
or Aramaic. Halevy, Jov/rnal Asiatique, 1867, pp. 352-

395, is in favour of the former view; but the latter is now
more generally advocated on the ground of Aramaic
forms in the Gizeh Greek fragment, <f>ovKa, xviii. 8, from

piav^o/Sapa in xxviii, 1, and /Sa^BrjpoL in xxix. 1, from
wp and X€povpLv in xiv. 11, 18. On the other hand, it

must be remembered that some Aramaic forms are found
in the LXX. and in the Ethiopic version of the Old Testa-

ment. Hence, in the face of the powerful arguments of

Halevy for a Hebrew original, the question cannot be
regarded as yet settled. The Semitic original was trans-

lated into Greek. It is not improbable that there were

two distinct Greek versions. Of the one several frag-

ments have been preserved in Syncellus (a.I). 800), vi.-

ix. 4, viii, 4-x. 14, xv. 8-xvi. 1 ;
of the other i.-xxxii. in

the Gizeh Greek fragment discovered in Egypt and

.

published by Bouriant, Fragments grees du livre dEnochs
in 1892, and subsequently by Lods, Dilimann, Charles,

Swete, and finally by Flemming and Eadermacher. In

addiibion to these fragments there is that of Ixxxix.

42-49 (see Gildemeister in the ZDMG^ 1855, pp.
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621-622, and Charles, op, cit, 238-240). Of the Latin

version only i. 9 survives, being preserved in the Pseudo-

Cyprian’s Ad JSfovatianvm and cvi. 1-18 discovered by
James in an 8th-century MS. of the British Museum
(see James, Apoc, Anecdota, 146-150, Charles, op, cit,

372-375). This version is made from the Greek. The
Ethiopic version, which is a very faithful translation of

the Greek, alone preserves the entire tezt. It was edited

by Laurence in 1838 from one MS. and in 1851 by
Dillmann from five. The present writer has undertaken

a text based on a study of twenty-five MSS.

Translations and Commentaries.—Laurence, The Booh of Enoch,
Oxford, 1821 ; Dillmann, Das Buck Henoch, 1853 ;

Schodde, The
Booh of Enoch, 1882 ;

Charles, The Booh of Enoch, 1893 ; Beer,
“ Das Buck Henoch” in Kautzsch’s Apoh, u. Pseud, des A, T. 1900,
ii. 217-310

;
Flemming and Radermacher, Das Buch Henoch, 1901.

Critical Inquiries.—The biblio^aphy will be found in Schurer,
Gesch. d. Judischen Volhes^, iii. 207-209, and a short critical

account of the most important of these in Charles, op, cit, pp.
9-21.

We have remarked above that the Booh of Enoch is

divided into five parts—i.-xxxvi.,xxxvii.-lxxi.,lxxii.-lxxxii.,

lxxxiii.-xc., xci.-cviii. Some of these parts constituted

originally separate treatises. In the course of their

reduction and incorporation into a single work they
suffered much mutilation and loss. From an early date

the compositeness of this work was recognized. Scholars

have varied greatly in their critical analyses of the work
(see Charles, op, dt, 6-21, 309-311; Hastings’ Eict. of
the Bible, i. 706 fEncy, Bihlica, i. 221-222

;
Schodde, Booh

of Enoch, 1882, pp. 19-32). The analysis which gained
most acceptation was that of Dillmann (Herzog’s Beal
Enhyh? xii. 350-352), according to whom the present books
consist of—(1) the groundwork, i,e,, i.-xxxvi., lxxii.-cv.,

written in the time of John Hyrcanus; (2) xxxvii.-lxxi.,

xvii.-xix., before 64 n.c.
; (3) the Noachic fragments, vi.

3-8, viii. 1-3, ix. 7, x. 1, 11, xx., xxxix. 1, 2% liv. 7-lv. 2,

lx., Ixv.-lxix. 25, cvi.-cvii.
;
and (4) cviii. from a later

hand. With much of this analysis there is no reason to
disagree. The similitudes are undoubtedly of different

authorship from the rest of the book, and certain portions
of the book are derived from the Booh of Noah. On the
other hand, the so-called groundwork has no existence

unless in the minds of earlier critics and some of their

belated followers in the present. It springs from at least

four hands, and may be roughly divided into four parts,

corresponding to the present actual divisions of the book.
Of these we shall deal with the easiest first. Ch, Ixxii,-

Ixxodi, constitutes a work in itself, the writer of which had
very different objects before him from the writers of the rest
of the book. His sole aim is to give the law of the heavenly
bodies. His work has suffered disarrangements and inter-

polations at the hands of the editor of the whole work.
Thus Ixxx. sq, are intrusions, and Ixxxii. should stand
before Ixxix., for the opening words of the latter suppose
it to be already read. Chaps, Ixxxiii-xc,—^This section
was written before 161 b.c., for “the great horn,” who is

Judas the Maccabee, was still warring when the author was
writing. (Dillmann, Schurer, and others take the great
horn to be John Hyrcanus, but this interpretation does
violence to the text.) These chapters recount three visions

:

the first two deal with the first-world judgment
;
the third

with the entire history of the world till the fitifll judg-
ment. An eternal Messianic kingdom at the close of the
judgment is to be established under the Messiah, with its
centre in the Hew Jerusalem set up by God Himself.
Chaps, xci,-civ,—In the preceding section the Maccabees
were the religious champions of the nation and the friends
of the Chasids. Here they are leagued with the Sadducees,
and are the declared foes of the Pharisaic party. %This
section was written therefore after 134 B.C., when the

breach between John Hyrcanus and the Pharisees took

place and before the savage massacres of the latter by
Jannseus in 95 b.c.

;
for it is not likely that in a book

dealing with the sufferings of the Pharisees such a refer-

ence would be omitted. These chapters indicate a revolu-

tion in the religious hopes of the nation. An eternal

Messianic kingdom is no longer anticipated, but only a
temporary one, at the close of which the final judgment
wiH ensue. The righteous dead rise not to this kingdom
but to spiritual blessedness in heaven itself—to an immor-
tality of the soul. This section also has suffered at the
hands of the final editor. Thus xci. 12-17, which describe

the last three weeks of the Ten-Weeks Apocalypse, should be
read immediately after xciii. 1-10, which recount the first

seven weeks of the same apocalypse. But, furthermore,

the section obviously begins with xcii. “ Written by Enoch
the scribe,” &c. Then comes xci- 1-10 as a natural sequel.

The Ten-Weeks Apocalypse, xciii. 1-10, xci. 12-17, if it

came from the same hand, followed, and then xciv. The
attempt (by Clemen and Beer) to place the Ten-Weeks
Apocalypse before 167, because it makes no reference to
the Maccabees, is not successful

;
for where the history of

mankind from Adam to the final judgment is despatched
in sixteen verses, such an omission need cause little em-
barrassment, and still less if the author is the deter-

mined foe of the Maccabees, whom he would undoubtedly
have stigmatized as apostates, if he had mentioned them at
all, just as he similarly brands all the Sadducean priest-

hood that preceded them to the time of the captivity.

This Ten-Weeks Apocalypse, therefore, we take to be the
work of the writer of the rest of xci.-civ. Chaps, i.-xxxvi,—^This is the most difficult section in the book. It is very
composite. Ch. vi.-xi. is apparently an independent frag-

ment of the Enoch Saga. It is itself compounded of the
Semjaza and Azazel myths, and in its present composite
form is already presupposed by lxxxviii.-lxxxix. 1 ; hence
its present form is earlier than 166 B.c. It represents a
primitive and very sensuous view of the eternal Messianic
kingdom on earth, seeing that the righteous beget 1000
children before they die. In the next place xii.-xvi. stand
quite apart from the rest of i.-xxxvi. owing to the tran-

scendent picture they give of God as contrasted with what
is given in the rest of the section. Likewise they repre-
sent what Enoch saw in a dream, whereas xvii.-xxxvi.

recount Enoch’s actual journeys through the heavens.
These chapters were probably an independent fragment of
the Enoch Saga. Again, xvii.-xix. stand in a peculiar

relation to xx.-xxxvi., since both sections deal with the
same subjects. Thus xvii. 4~xxiii.

;
xvii. 6==xxii.

;

xviii. 1 = xxxiv.-xxxvi.
;

xviii. 6-9 = xxiv.-xxv., xxyii- 1-2

;

xviii. 11, xix. =:xxi. 7-10; xviii. 12-16 = xxi. 1-6. They
belong to the same cycle of tradition and cannot be inde-

pendent of each other. Chap. xx. appears to show that

xx.-xxxvi. is fragmentary, since only four of the seven
angels mentioned in xx. have anything to do in xxi.-

xxxvi. Chaps, xxxvii,-lxx,—^These constitute the well-

known similitudes. They were written before 64 b.c.,

for Borne was not yet known to the writer, and after 95
B.C., for the slaying of the righteous, of which the writer

complains, was not perpetrated by the Maccabean princes

before that date. This section consists of three simili-

tudes—xxxviii.-xliv., xlv.-lvii,, lviii.-lxix. These are intro-

duced and concluded by xxxvii. and Ixx. There are
many interpolations—^Ix., Ixv.-lxix. 25 come confessedly^

from the Booh of Noah

;

most probably also liv. 7-lv. 2.

Whence others, such as xxxix. 1, 2®', xli. 3-8, xliii. sq., spring
is doubtful. Ch. 1., Ivi. 5-lvii. 3® are likewise insertions,

and Ixxi. an addition, at variance with the thought of the
section. The Messianic doctrine and eschatology of this

section is unique. The Messiah is here for the first time
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described as the pre-existent Son of Man, who possesses
universal dominion and is the Judge of all mankind.
After the judgment there will be a new heaven and a new
earth, which will be the abode of the blessed,

4 Ezra,—This apocryph had a very wide circulation

among the Greek and Latin fathers. In the Latin version
it consists of sixteen chapters, of which, however, only
iii.-xiv. are found in the other versions. To iii.-xiv.,

accordingly, the present notice is confined. After the
example of most of the Latin MSS. we designate the
book 4 Ezra (see Bensly-James, Fourth Booh of Ezra, pp.
xxiv.-xxvii.). In the first Arabic and Ethiopic versions it

is called 1 Ezra
;
in some Latin MSS. and in the English

Authorized Version it is 2 Ezra, and in the Armenian 3 Ezra.
Chapters i.-ii. are sometimes called 3 Ezra, and zv.-xvi.

5 Ezra. All the versions go back to a Greek text. This is

shown by the late Greek apocalypse of Ezra (Tisehendorf,

Apocalypses Apocryphce, 1866, pp. 24-33), the author of

which was acquainted with the Greek of 4 Ezra
;
also by

quotations from it in Barn. iv. 4 j
xii. 1=4 Ezra xii. 10

sqq,, V. 5 ;
Clem. Alex. Strom, iii. 16 (here first expressly

cited) = 4 Ezra, v. 35, &c. (see Bensly-James, op. cit. pp.
xxvii.-xxxviii.). In his Messias Judcieorum^ 1869, pp. 36-

110, Hilgenfeld has given a reconstruction of the Greek
text. Till 1896 only Ewald believed that 4 Ezra was
written originally in Greek. In that year Wellhausen
{Gott. Gel. Anz. pp. 12-13), and Charles {Apoc. Bar. p.

Ixxii.) pointed out that a Hebrew original must be assumed
on various grounds

;
and this view the former established

in his Shizzen u. Yorarheiten^ vi. 234-240, 1899. Of the

numerous grounds for this assumption it will be neces-

sary only to adduce such constructions as quo me
interrogas de eo,” iv. 28, and xiii. 26 “ qui per semet
ipsum liberabit” (= = “ through whom he will

deliver,” or to point to such a mistranslation as vii. 33,
“ longanimitas congregabitur,” where for “ congregabitur ”

(
= y]Di«') we require “evanescet,” which is another and

the actual meaning of the Hebrew verb in this passage.

The same mistranslation is found in the Vulgate in Hosea
iv. 3. This view has been adopted in GunkeTs German
translation of Ezra (Kautzsch, Apoh. u. Fseud. d, A. T. ii.

332-333).

Latin Version.—All the older editions of this version, as those

of Fabricius, Sabatier, Yolkmar, Hilgenfeld, Fritzsche, as well as

in the older editions of the Bible, are based ultimately on only
one MS., the Codex Sangermanensis (wi'itten a.d. 822), as Grilde-

meister proved in 1865 from the fact that the large fragment
between verses 36 and 37 in chapter vii., which is omitted in all

the above editions, oiiginated thiough the excision of a leaf in this

MS. A splendid edition of this version based on MSS. containing

the missing fragment, which have been subsequently discovered,

has been published by Bensly-James [op. cit.). This edition has
taken account of all the important MSS. known, save one at Leon
in Spain.

Syriac Versim.—^This version, found in the Ambrosian Library

in Milan, was tianslated into Latin by Ceriani, Monimenta sacra

et profana, II. ii. pp. 99-124, 1866. Two years later this scholar

edited the Syriac text, op. cit. Y. i. pp. 4-111, and in 1883 repro-

duced the MS. by photo-lithography [Translatio Syra Peshitto V. T.

II. iv. pp. 553-572). Hilgenfeld incorporated Cerianfs Latin trans-

lation in his Messias JndoBorum. This translation needs revision

and correction.

Ethiopzc Version.—First edited and translated by Laurence,

Primi Ezras lAbri Versio AEJthiopica, 1820. Laurence’s Latin

translation was corrected by Praetorius and reprinted in Hilgen-

feld’s Messias Jvdoeorvm. In 1894 Dillmann’s text based on ten

MSS. was published

—

V. T. JStli. Lilri Apocryphi, v. 153-193.

Arabic Versions.—The first Arabic version was translated from a

MS. in the Bodleian Library into English by Oekley (in Whiston's

Primitive Christianity, vol. iv, 1711). This was done into Latin

and corrected by Steiner for Hilgenfeld’s Mess. Jud. The second

Arabic version, which is independent of the first, has been edited

from a Yatican MS. and translated into Latin by Gildemeister, 1877.

Armenian Version.—First printed in the Armenian Bible, 1806.

Translated into Latin by Petermann for Hilgenfeld’s Mess. Jnd.

Pelation of the above Versions.—These versions stand in the

order of worth as follows :—Latin, Syriac, Ethiopic. The lemaining
versions are paraphrastic and less accurate, and are guilty of

additions and omissions. All the versions, save the second Arabic
one, go back to the same Greek version. The second Arabic version
presupposes a second Greek version.

Modern Versions.—All the English versions are now antiquated,
except those in the Yarioium Apocrypha and the Revised Version
of the Apocrypha, and even these are far from satisfactory.

Similarly, all the German versions are behindhand, except the
excellent version of Gunkel in Apok. u. Pseud, ii. 252-401, which,
however, needs occasional correction.

The book (iii.-xiv.) consists of seven visions or parts,

like the apocalypse of Baruch. They are : (1) iii. 1-v. 19

;

(2) V. 20-vi. 34; (3) vi. 35-ix. 25; (4) ix. 26-x. 60; (5)
xi. 1-xii. 51 ; (6) xiii.

; (7) xiv. These deal with (1)
religious problems and speculations (2) and eschatological

questions. The first three are devoted to the discussion of

religious problems affecting in the main the individual. The
pre-suppositions underlying these are in manycases the same
as those in the Pauline Epistles. The next three visions

are principally concerned with eschatological problems
which relate to the nation. The seventh vision is a
fragment of the Ezra Saga recounting the rewriting of

the Scriptures, which had been destroyed. This has

no organic connexion with what precedes. According to

Gunkel (Apoh. u. Pseud, ii. 335-352) the whole book is

tbe work of one writer. Thus down to vii. 16 he deals

with the problem of the origin of suffering in the world,

and from vii. 17 to ix. 25 with the question who is

worthy to share in the blessedness of the next world. As
regards the first problem the writer shows, in the first

vision, that suffering and death come from sin—no less

truly on the part of Israel than of all men, for God
created man to be immortal

;
that tbe end is nigh, when

wrongs will be righted; God’s rule will then be recog-

nized. In the second he emphasizes the consolation to he
found in the coming time, and in the third he speaks
solely of the next world, and then addresses himself to the

second problem. The fourth, fifth, and sixth visions are

eschatological. In these the writer turns aside from the

religious problems of the first three visions and concerns

himself only with the future national supremacy of Israel.

Zion’s glory will certainly be revealed (vision four), Israel

will destroy Eome (five) and the hostile Gentiles (six).

Then the book is brought to a close with the legend of

Ezra’s restoration of the lost Old Testament Scriptures.

In the course of the above work there are many incon-

sistencies and contradictions. These Gunkel explains by
admitting that tbe writer has drawn largely on tradition,

both oral and written, for his materials. Thus he con-

cedes that eschatological materials in v. 1-13, vi. 18-28,

vii. 26 sgg., also ix. 1 sqq.y are from this source, and ap-

parently from an originally independent work, as Kabisch
urges, but that it is no longer possible to separate the

borrowed elements from the text. Again, in the four last

visions he is obliged to make the same concession on a
very large scale. Yision four is based on a current novel,

which the author has taken up and put into an allegorical

form. Visions five and six are drawn from oral or written

tradition, and relate only to the political expectations of

Israel, and seven is a reproduction of a legend, for the

independent existence of which evidence is furnished by
the quotations in Bensly-James, pp. xxxvii,-xxxviii. Thus
the chief champion of the unity of the book makes so

many concessions as to its dependence on previously existing

sources that, to the student of eschatology, there is little to

choose between his view and that of Kabisch. In fact, if

the true meaning of the borrowed materials is to be dis-

covered, the sources must be disentangled. Hence the

need of some such analysis as that of Kabisch (Das vierte

Buch Ezra, 1889): S=an Apocalypse of Salathiel, circ.

I A.i>. 100, preserved in a fragmentary condition, iii. 1-31,
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iv. 1-51, V. 13^vi. 10, 30-vii. 25, vii. 45-Tiii. 62, ix. 13-

X. 57, xii. 40-48, xiv. 28-35. E = an Ezra Apocalypse,

circ. 31 B.C., iv. 52-v. 13a, vi. 13-28, vii. 26-44, viii. 63-

ix. 12. A=an Eagle Vision, circ. A.©. 90, x. 60-xii. 35.

M= a Son-of-Man Vision, xiiL £2=an E2au fragment,

circ. A.©. 100, xiv. 1-1 7a, 18-27, 36-47. All tkese, accord-

ing to Kabiscli, were edited by a Zealot, circ. 120, who

supplied the connecting links and made many small

additions. In the main this analysis is excellent. If we

assume that the editor was also the author of S, and that

such a vigorous stylist, as he shows himself to be, recast

to some extent the materials he borrowed, there remains

but slight difference between the views of Kabisch and

Gunkel. Neither view, however, is quite satisfactory, and

the problem still awaits solution. Other attempts, such as

Ewald’s {Gesclu d, Volkes Israel vii. 69-83) and De Faye’s

{Apocalypses Juives^ 155-165), make no contribution.

Time cmd Ilace,—The work was written towards the close of the

1st century (iii. 1, 29), and somewhere in the east.

Litercdure,—In addition to the authorities mentioned above,

see Dillmann, Herzog’s Real EnTcyh,'^ xii. 353 sqq.
;

Schurer,

G-eseh, des Jud. Volkes^ iii. 246 sqq.
;
and the articles on 4 Esdras

in Hastings’ Bible Dictionary and the EncydopcBdia Bihlua by
Thackeray and James respectively.

The Assumption of Moses.—^This book was lost for

many centuries till a large fragment of it was discovered

and published by Ceriani in 1861 {Monv/menta Sacra^ I. i.

55-64) from a palimpsest of the 6th century. Very little

was known about the contents of this book prior to this

discovery. One passage found in this fragment is quoted

in the Acta Synodi Nicaenae^ ii. 18. Most of the other

references relate to the strife of Michael and Satan about

the body of Moses, and ascribe it the Ascensio Mosis, i.e.^

'Avd\7]^LS McDvcrecDS. (Various other works have been

attributed to Moses, such as the Petirath Moshe, the

Aoycov Muo-tiicSv Mcovcrcajs, The Exodus of Moses (in

Slavonic), &c. See Charles, Assumption of Mosesy

pp. xiv.-xvii.
;
Schurer, Gesch. des JUd, Tolhes, iii. 220-221.)

Editions and Translations.—^In addition to those men-
tioned in Emy. Brit. ii. 177, the only complete edition

has been published by Charles, The Assumption of Moses,

1897. A German translation, with notes by Clemen, will

be found in Khutzsch’s Apoh umd Pseud, ii. 31 1-331. That

our Latin text is derived from the Greek there can be

no question. Thus Greek words are transliterated, as

chedrio ” from fceSpdo), “ heremus ” from ep^os ; Greek
idioms are reproduced, as “usque nos duci captives ” = Icos

rov aixp-aXwTio-flijvai, and retranslation into Greek is

frequently necessary in order to correct the misrenderings

of the translator or the corruptions already inherent in the

Greek. Finally, fragments of the Greek version are stOl

preserved. That the Greek was in turn derived from a

Semitic original was denied by Hilgenfeld, Volkmar, and
others. It is still regarded as an open question by
Clemen. On the other hand, Ewald, Schmidt-Merx,
Colani, Carriere, Hausrath, Dalman, Rosenthal, and others

decide in favour of a Semitic. The present writer has
sought at some length to prove that the Greek goes back
not to an Aramaic original, but to a Hebrew (see op. cit

pp. xxxviii.-xlv,).

The present book is possibly the long-lost

Meovereo)? mentioned in some ancient lists; for it never
speaks of the assumption of Moses, but always of his

natural death (i. 15, iii 13, x. 14). About a half of the
original Testament is preserved in the Latin version.

The latter half probably dealt with questions about the
Creation. (See Fabric. Cod. Pseud. V. T. iL 844 ; Acta
Synodi HicoBncB, ii 20.) With this “Testament” the
“ Assumption,” to which almost all the patristic references

and that of Jude are made, was subsequently edited.

The book has been assigned to most periods between the

death of Herod the Great and that of Bar-Cochba. But
the text precludes any date after a.©. 70. The true date

appears to lie between 4 b.c. and a.©. 30. Herod is

already dead (vi. 6), hence it is after 4 b.c.
;
and Herod s

sons are to rule for shorter periods than their father, hence

it must have been composed before these princes had
reigned thirty-four years

—

i.e., before a.©. 30. It may also

be shown that a.©. 7 is probably the earlier limit (see

Charles, op. cit. pp. Iv.-lviii.). As for the author, he was
no Essene, for he recognizes animal sacrifices and cherishes

the Me^ianic hope
;
he was not a Sadducee, for he looks

forward to the establishment of the Messianic kingdom (x.);

nor a Zealot, for the quietistic ideal is upheld (ix.) and
the kingdom is established by God Himself (x.). He is

therefore a Chasid of the ancient type, and glorifies the

ideals which were cherished by the old Pharisaic X)arty, but
which were now being fast disowned in favour of a more
active r61e in the political life of the nation. He pours

his most scathing invectives on the Sadducees, who are

described in vii. in terms that recall the anti-Sadducean

PsaZms of Solomon. His object, therefore, is to protest

against the growing secularization of the Pharisaic party

through its adoption of popular Messianic beliefs and
political ideals.

See Ency. Brit. ii. 177 ;
Efncy. Bihl. i. 233-236

; Burkitt

Hastings’ Did. iii. 448-450; C]ie.x\^Sy Assxmylion of Monies,

1897; Schurer, Gesek. d. Jud. Volkes'^, 1900, pp. 213-222.

Booh of Noah.— Though this book has not come
down to us independently, it has in large measure been

incorporated in the Ethiopic Booh of Enoch, and can in

part be reconstructed from it. The Booh of Noah is

mentioned in Jubilees x. 13, xxi. 10. Ch. lx., Ixv.-lxix. 25

of the Ethiopic Enoch are without question derived from it.

Thus lx. 1 runs ;
“ In the year 500, in the seventh month

, , . in the life of Enoch.” Here the editor sim^Dly changed
the name Noah in the context before him into Enoch, for

the statement is based on Gen. v. 32, and Enoch lived

only 365 years. Chapters vi.-xi., cvi.-cvii. of the same book
are probably from the same source

;
likewise liv. 7-1v. 2,

and Jubilees vii. 26-39, x. 1-15. In the former passage of

Jubilees the subject-matter leads to this identification, as

well as the fact that Noah is represented as speaking in the

first person, although throughout Jubilees it is the angel

that speaks. Possibly Eth. En. xii. 3-8, xliix.-xliv., lix.,

are from the same work. The book may have opened with

Eth. En. evL-evii. On these chapters may have followed

Eth. En. vL-xi., Ixv.-lxix. 25, lx., xii. 3-8, xliiL-xliv., liv.

7-lv. 2; Jubilees vii. 26-39, x. 1-15. Since some of

these chapters are earlier than Eth. En. Ixxxiii.-xc. and
Jubilees, the original work is not later than 166 b.cl

(See Hastings* Bible Diet. iii. 586-587.)

The Hebrew Booh of Noah, a later work, is printed in

Jellinek*s Bet h/a-Mid/rasch, iii. 155-156, and translated

into German in RSnsch, Das Buch der JuHlaen, 385-387,

It is based on the part of the above Booh of Noah which
is preserved in Jubilees. The portion of this Hebrew work
wMch is derived from the older work is reprinted in

Charles’s Ethiopic version of the Hebrew of Jubilees,,

p. 179.

Testaments of the XII Patriarchs.— The earliest

reference to this book is found in Origen in his Rom.
in Josuam, xv. 6 (Ed. Lommatzsch, xi. 143) : “In
aliquo quodam libello qui appellatur testamentum

duodecim patriarcharum, quamvis non habeatur in

canone, talem tamen quendam sensum invenimus, quod
per siogulos peccantes singuli Satanse intelligi debeant”"

{cf. Reuben, iii.). The Testaments are mentioned simply as

in the Stiohometry of Nicephorus, the Synopsis

Athanasii, and the anonymous list of books edited by
Montfaucon and others. From this period the Testaments
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“were lost sight of till the 13th century, when they
were translated into Latin from a 10th-century MS.
(now in Cambridge) by Grosseteste, bishop of Lincoln.
The work consists of the dying commands of the twelve
sons of Jacob to their children. Each testament treats of
a special virtue or vice which finds illustration in the life

of the particular patriarch. Three elements are dis-

tinguishable in each testament :—(1) The patriarch in each
gives an account of his life, dwelling with particular
emphasis on his particular virtues or vices. In many
respects these accounts are of the nature of a Midrash on
the Biblical notices concerning him, but in some instances

they are in sharp conflict with them. (2) After the
historical or legendary notices just referred to the patriarch

gives appropriate exhortations, naturally suggested by the
qualities conspicuous in his own career. (3) Finally he
appends a series of predictions.

Grabe (Spidleg. Patrum^^ 1714, i. 129-144, 335-374)
was the first to suggest that the work was written by a
Jew and subsequently interpolated by a Christian. Most
subsequent writers, however, rejected Grabe’s view, and so

the exegesis of the book became a mere series of fruitless

logomachies till Schnapp revived Grabe’s hypothesis in

an excellent piece of work, Die Test, der XII Pair,

untersucht^ 1894, Halle. This critic has tried to prove,

firstly, that in its original form the book consisted of

biographical details respecting each of the patriarchs, and
exhortations suggested by these details : next, that this

work was revised by a Jew, who added the portions of

an apocalyptic or predictive nature : and thirdly, that the

book thus enlarged was revised by a Christian, who
modified some passages and in others introduced inter-

polations. The third thesis has been confirmed by Cony-
beare^s collation of the Armenian version (J&ioish Quarterly

Review^ 1893, 387 sgg,

;

1896, 260 471 sgg'.) which
omits most of the Christian passages in the Greek version.

But Bousset has overthrown Schnapp’s second thesis and
shown that the apocalyptic sections belonged to the

original work : see “ Die Testamente der Zwolf Patri-

archen ” in the second number of Preuschen’s Zeitschr, f,

d, NTliche Wissenschaft.

Till the last few years it has been generally believed

that the Testaments were originally written in Greek.

But this appears most improbable, and there are good
grounds for supposing a Semitic original. In the first

place, the greater part of the work cannot be later than

100 B.C. In the next the Greek is thoroughly Semitic in

ohaiacter. Gaster has published a Hebrew text of the

Testament of JSfaphtali^ which he holds to be the original

of the Greek. That this is not so, the present writer

has shown in Ency. Biblica, i. 239-240. Gaster’s text,

which is a late compilation possessing some materials

in common with the Greek, is nevertheless of service in

explaining through the Hebrew how one hopelessly

•corrupt passage in the Greek arose. Furthermore, in

favour of a Hebrew original, it may be urged that

—

(1) Hebrevr constructions are frequent
; (2) paronomasias,

which are lost in the Greek but can be restored by re-

translation, are frequent ;
and (3) certain passages which

are unintelligible in the Greek become clear on retrans-

lation. On the other hand, see Pass and Arendzen’s

Fragment of an Aramaic Text of the Testament of

Levi” in Jewish Qv/wierly Review^ 1900, pp. 651-661.

Vermms,—^The Greek version was edited by Sinker from two
MSS. in 1869 and the variants of two other MSS. in an appendix

in 1879. This scholar has long promised a new edition from six

MSS., and another is said to be in preparation by yon Gebhardt.

There were also early Syriac and Armenian versions. Of the

former only a small fragment survives. The latter was published

at Venice in 1896. Most of its variants have been made accessible

through Conybeare in the Jewish Quarterly Review above referred

to, and through “ Pieusohen’s Die armenische Uebersetzung der
Testamente der zwolf Patnarelien ’’ in the second number of
Preuschen’s Z. /. d. NTlitlit JVis<ir}fseh. u, d. Kunde d, Urchris-

ienthumSf 1900.

Date.—Excluding the Chiistian additions, which were made at
different dates down to the 5th century, the work was composed
towards the close of the 2iid century B.C., with the exception of
Levix. xiv.-xvi., Judah xxii.-\xv., and certain fragments in Dan. v.

and Zebulonix., which belong to the 1st century b.o. See Bousset
in Preuschen’s review (mentioned above), 1900, pp. 142-175, 187-209,
and the articles by Charles, in loc., in Enuj. Mhlicay i. 237-241,
and Hastings’ Bible Dictionary^ iv.

Psalms of Bolomon.—^These psalms, in all eighteen,

enjoyed but small consideration in early times, for only

six direct references to them are found in early literature.

Their ascription to Solomon is dne solely to his scribes,

for no such claim is made in any of the psalms.

There are only three valuable editions of the text :—Ryle and
James, SoXo/Awr^ros, The Psalms of the Pharisees, 1891,
from five MSS.

; Swete, I%e Old Testament in Greeks iii. 1894,

765-787, from six MSS.
;

Gebhardt, SE^aX/xol SoXo/tw^ros— Die
Psalmen Salo'nw^iis sum ersten Male mit Benutzung d. Atlioshand’

schriften und d. Cod. CasanatensiSy 1895, from five MSS.
,
three of

which are used for the first time. The best recent translation into

English is that of Ryle and James, It has been done into German
by Wellhausen in the appendix to his Die Pharisaer u. Sadducuer,

1874, and recently by Kittel in Kautzscli’s u.Pseud, des A. T.

ii. 130-148. The latter translation is based on Gehliardt’s text.

The second psalm was written soon after 48 b.c., for it

contains a triumphant reference to Pompey^s death, ii.

29-

31. Pss. i., viii., and xvii, fall between 63 and 48 B.o.,

for they presuppose Pompey’s capture of Jerusalem, but

show no knowledge of his death. Pss. v., vii., ix., xiii., xv.,

belong apparently to the same period, but iv. and xii. to

an earlier one. On the whole Ryle and James are no
doubt right in assigning 70-40 b.c. as the limits within

which the psalms were written. The authors were

Pharisees. They divide their countrymen into two
classes

—‘‘ the righteous,” ii. 38-39, iii. 3-5, 7, 8, &c., and
“the sinners,” ii. 38, iii. 13, iv. 9, <fec.; “the saints,” iii.

10, &c., and “the transgressors,” iv. 11, <fec. The former

are the Pharisees ;
the latter the Sadducees. They protest

against the Asmonaean house for usurping the throne of

David and laying violent hands on the high priesthood,

xvii. 5, 6, 8, and proclaim the coming of the Messiah, the

Son of David, who is to set all things right and establish

the supremacy of Israel. Pss. xvii.-xviii. and i.-xvi.

cannot be assigned to the same authorship. The hopes

of the Messiah are confined to the former, and a some-

what different eschatology underlies the two works (see

Charles, Eschatology: Hebrew^ Jetoishy and Christiany

220-225). There can be no doubt that Hebrew was the

original language. This would follow from the fact that

^hey were sung in the public worship of the synagogue, as

we infer from the inscriptions. But independently of this

fact it is impossible to translate the Greek intelligibly,

save on this hypothesis : see the excellent commentary of

Ryle and James, pp. lxxvii.-lxxxvii. Since the Psalms were

writtQp in Hebrew, and intended for public worship in

the synagogues, it is most probable that they were com-

posed in Palestine. Besides, not a shred of evidence can

be adduced in favour of any other country.

In addition to the literature mentioned above and in Ryle and
James’s edition, Sehuier’s Gesch. des Jud. Vblkes^, iii. 150 sqq.y see

Ency. BiUica, i. 241-245.

Lost Apocalypses : Prayer of Joseph .
—^The Prayer of

Joseph is quoted by Origen Y^n Joann. IL xxv. (Lom-

matzsch, i, 147, 148) ;
in Gen. III. ix. (Lommatzsch, viii.

30-

31)]. The fragments in Origen represent Jacob as

speaking and claiming to be “ the first servant in Qod^s

presence,” “ the first-begotten of every creature animated

by God,” and declaring that the angel who wrestled with

Jacob (and was identified by Christians with Christ) was
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only eighth in rank. The work was obviously anti-

Christian. (See Schurer^, hi. 265-266.)

Booh of Eldad aTid Modad.—This book was written

in the name of the two prophets mentioned in Num. xi.

26-29. It consisted, according to the Targ. Jon. on

Num. xi. 26-29, mainly of prophecies on Magog’s last

attack on Israel. The Shepherd of Hermas quotes it

Vis. ii. 3. (See Marshall in Hastings’ Bible Dictionary^

i. 677.)

Apocalypse of Elijah,—This apocalypse is mentioned in

two of the lists of books. Origen, Ambrosiaster, and

Euthalius ascribe to it 1 Cor. ii. 9. If they are right, the

apocalypse is pre-Pauline. The peculiar form in which

1 Cor. ii. 9 appears in Clemens Alex. JRrotrept, x. 94, and

the Const Apost. vii. 32 shows that both have the same
|

source, probably this apocalypse. Epiphanius {Hoer, xlii.

(ed, Oehler, vol. ii. 678)^ ascribes to this work Eph. v. 14.

Isr. L6vi {Bevue des Etudes Juives, 1880, i. 108 sqq.)

argues for the existence of a Hebrew apocal3q)se of Elijah

from two Talmudic passages. A late work of this name
has been published by Jellinek, Bet ha-Midrasch^ 1855, iii.

65-68 and Buttenwieser in 1897. Zahn, Gesch, des

NTKanons^ ii. 801 - 810, assigns this apocalypse to the

2nd century A.D. (See Schurer®, iii. 267-271.)

Apocalypse of Zephaniah,—^Apart from two of the lists

this work is known to us in its original form only through

a citation in Clem. Alex. Strom, v. 11, 77. A Christian

revision of it is probably preserved in the two dialects of

Coptic. Of these the Achmim text is the original of the

Sahidic. These texts and their translations have been
edited by Steindoriff, Die Apohalypse des Elias^ eine uro-

hehannte Apohalypse umd Bruchstilche der Sophonias-Apohd-

lypse, 1899. As Schtirer (Theol. Literaturzeitung, 1899,
No. I. 4-8) has shown, these fragments belong most prob-

ably to the Zephaniah apocalypse. They give descriptions

of heaven and hell, and predictions of the Antichrist. In
their present form these Christianized fragments are not
earlier than the 3rd century. (See Schurer, Gesch. des

Jud. 7olhes\ iii. 271-273.)

(iv.) Wisdom Literature,

The Pirhe Ahoth.—^These sayings of the Jewish fathers

are preserved in the 9th Tractate of the Fourth Order of

the Mishna. They are attributed to some sixty Jewish
teachers, and the collection is divided into five chapters.

These teachers belong for the most part to the years

A.D. 70-170, though a few of them are of a much earlier

date. (See P. Ewald’s Pirhe Ahoth^ 1825 j Strack, Die
Sprmhe der Voter 2, 1888 ;

Taylor, Sayings of the Jewish
Fathers % 1899.)

Sirach or Ecclesiasticus.—^This book bore the name
“Proverbs” (’!?»d), according to Jerome. It was also

known as “The Wisdom of Jesus, the son of Sirach”
(2o(f>la ’Itjo-oC vlov Set/odEx, or, more shortly, 'Zeipdx).

In the Latin Church the book was, so far as we know, first

called Ecclesiasticus in Cyprian {Testim. ii. 1 ; iii. 1,' (fee.).

The expression “Libri ecclesiastic! ” in Church writers
designates the apocryphal books of the Old Testament in
contradistinction from the canonical books. Among such
books Ecclesiasticus was the Church book, fear’

The name of the author is given in the Greek of 1. 27 as
“Jesus, the son of Sirach,” but in the Hebrew of 1. 27
and li. 30 as “ Simon, son of Joshua, son of Eleazar, son
of Sira.”

The prologue states that the Sirach’s grandson went to
Egypt in the 38th year of Euergetes. Since of the
two Ptolemies, who bore the surname of Euergetes, the
first reigned only twenty-five years, it must be the second
that is referred to here, Ptolemy YII. Physcon
Euergetes II. This prince began to reign in 170 b.c.

Hence 132 is the date of the arrival of Sirach’s giandson

in Egypt, and the composition of Sirach’s work would be
from forty to seventy years earlier. Thus the date would
lie between 200 and 170 b.c. This datew^ould harmonize
well with the apparently contempoiary account of the High-
priest Simon II. in 1. 1-26, who was in office about 200 b.c.

VAder^\eim{Speaher^s Apocrypha, ii. 4-9) and others contest

this view. See, however, Eyssel (Kautzsch’s AjdoX*. u. Pseud.

i. 234-239
;
Ency. Bihlica, ii. 1170-1171). That this book

was written in Hebrew is stated by Jerome
;
but, with the

exception of occasional sentences in the Talmud, it was
lost to modern scholarship till 1896, when chaps, xxxix.

15-xlix. 11 were published by Cowley and Neubauer.
This large fragment of the original text was found in a
synagogue in Cairo. The discovery and publication of

further fragments have followed in fast succession. In
1899 Schechter and Taylor edited chaps, iii. 6-vii. 29

;

xL 34; xii. 2-xvi. 26 ; xxx. 11-xxxi. 11 ;
xxxii. 1-xxxiii.

3; XXXV. 9-20; xxxvi. 1-21; xxxvii. 27-xxxviii. 27;
xlix. 12-li. 30. In the same year G. Margoliouth pub-
lished in the Jewish Quarterly Review chaps, xxxi. 12-31

;

xxxvi. 22-xxxvii. 26 ;
and on pp. 462-465 of the same

review in 1900 appeared further fragments discovered by
Schechter, i.e., iv. 235, 30-31

;
v. 4-7, 9-13

;
xxv. 85, 13,

17-24; xxvi. l-2a; xxxvi. 19u; and on pp. 466-480 frag-

ments discovered by Adler, vii. 29-xi. 33 ;
xii. 1 ;

and on

pp. 688-702 fragments discovered by Gaster, xviii. 31-xix.

2 ; XX. 5-7
;
xxxvii. 19, 22, 24, 26 ;

xx. 13 ;
and finally, in

Revue des Etudes Juives^ 1900, pp. 1-30, the fragments
discovered by L6vi—xxxvi. 24-26; xxxvii. 1-xxxviii. 1.

Margoliouth’s theory that these fragments are not part

of the original Hebrew text, but of a mediaeval Hebrew
version, is rejected almost universally, both by Jewish
and Christian scholars.

Versions—Greek and SyricLc.—These versions are from the
Hebrew. The Greek is preserved in ^ A B 0 and Cod. Ven. of the
Uncials, and in a laige number of cursives. All these MSS. go
back to the same Greek text, for they all attest the remarkable
transposition in xxx. -xxxvi. The right order is preserved in the
Syriac, Latin, and Arabic versions. We should, therefoie, place
xxx. 25-xxxiii. 13a after xxxiii. 13Z>-xxxvi. 16a. The right order
appears, it is true, in Cursive 248, but the form of the text shows
that the dislocation existed in the text from which it was derived,
and was set right subsequently. The Greek and Syriac aie in-
valuable in the criticism of the Hebrew fragments.

Latin and other Versiom.—The Latin version, which preserves
the right order in xxx. -xxxvi., and is herein followed by the
English version, was made from the Greek before these chapters
were dislocated. This version dates from a.d. 200-250. It occa-

sionally preserves the right text where the Greek has since become
corrupt. The Syro-Hexaplaric, Ethiopia, Armenian, and Coptic
versions were derived from the Greek after the transposition of
chaps, xxx. -xxxvi.

IMerature.—Owing to the recent discoveries and innumerable
studies on the Hebrew texts and the various versions, all the earlier

works are to a great degree antiquated. The best are Eritzsche’s

Die Weisheit Jesus-Svrachs, 1859, and Edersheim’s commentary
in the Speakers Apocrypha^ ii. 1-239. In the latter work and
Schurer's Gesch, des Jvd. Volkesfiii, 161-166, a full bibliogiaphy
will be found. See particularly Toy in Bncy. Bib. ii. 1164-1179.
Smend has promised a comprehensive edition, taking into account
all the most recent discovery and criticism,

II.

—

Hellenistic Literature.

(i.) Historical and Legendary.

Additions to Daniel.—These are three in number:
Susamiah and the Elders^ Bel and the Dragon^ and The
Song of the Three Ghild/ren. Of these the two former
have no organic connexion with the text. The case is

otherwise with regard to the last. In some respects it

helps to fill up a gap in the canonical text between verses

23 and 24 of chapter iii. And yet we find Polychronius,

early in the 5th century, stating that this song was not
found in the Syriac version.
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Song of the Three Children,—This section is composed of the

Prayer of Azariah and the Song of Azanah, Ananias, and Misael
and was inserted after iii. 23 of the canonical text of Daniel!
According to Fritzsche, Konig, Schnrer, &c.j it was composed in
Greek and added to the Greek tianslation. On the other hand,
Delitzsch, Bissell, Ball, &c., maintain a Hebrew original. The
latter view^has been recently supported by Rothstein, Apoh, und
Pseud, i. 173-176, who holds that these additions were made to
the text before its translation in Greek, These additions still
preserve, according to Rothstein, a fragment of the original text,

verses 23-28, which came between verses 23 and 24 of chapter
iii. of the canonical text. They certainly fill np excellently a
manifest gap in this text. ‘'The Song of the Three Child-
ren ” was first added after the verses just referred to, and
subsequently the Prayer of Azariah was inserted before these
veises.

Susannah.—This addition was placed by Theodotion before
chap, i,, and “Bel and the Dragon” at its close, whereas by the
LXX. and the Vulgate it was reckoned as chap. xiii. after the
twelve canonical chapters, Bel and the Dragon as xiv. Theo-
dotion’s version is the source of the Peshitto for all three
additions, and the LXX. is the source of the Syro-Hexaplaric,
which has been published by Ceriani (Mon. Sacr. vii.). The
source of the story may, according to Ewald {Gesch,\ iv. 636), have
been suggested by the Babylonian legend of the seduction of two
old men by the goddess of love. Daniel appears in this addition
as a youthful judge. Notwithstanding the paronomasias on
Greek words in verses 54-55, 58-59, to which attention was called
by Julius Africanus and Porphyry, it is by no means certain that
the original was Greek. We may have here a free rendering of a
Semitic original (see Bludau, Die Alexandrinische Uebersetzung
des Buehes Daniel^ 1897).

Bel and the Dragon.—We have here two independent narratives,
in both of which Daniel appears as the destroyer of heathenism.
The latter had a much wider circulation than the former, and is

most probably a Judaized form of the old Semitic myth of the
destruction of the old dragon, which represents primeval chaos
(see Ball, Speaker's Apocr. ii. 346-348

; Gunkel, Schopfung und
ChaoSf 320-323). Most scholars maintain a Greek original, but
this is by no means certain. Marshall (Hastings’ Bible Diet, i. 268)
argues for an Aramaic, and regards Gaster’s Aramaic text (Pro-
ceedings of the Society of Biblical Archaeology^ 1894, pp. 280-290,
312-317

; 1895, 75-94) as of primary value in this respect.

Additions to Esther,—^These seven additions, written
originally in Greek, were interpolated in the Greek trans-

lation of the Boole of Esther. They consist of an edict of

Haman, prayers of Mordecai and Esther, &c., and are

so sMlfnlly interpolated as to make no interruption in

the history, though they occasionally contradict the
canonical text. The Greek text appears in two widely-

differing recensions. The one is supported by A B and
the other—^a revision of the first—^by codices 19, 93®, 108^
The latter is believed to have been the work of Lucian.

For an account of the Latin and Syriac versions, the

Targums, and the later Rabbinic literature connected with
this subject, and other questions relating to these addi-

tions, see Fritzsche, Exeget, Handbuch m den Agpoh, 1851,
i. 67-108

;
Schurer^, iii. 330-332

;
Fuller in Speaker's

Apocr, i. 360-402; Ryssel, Kautzsch, Apok, u. Pseud,

i. 193-212.

Epistle of Jeremy,— This letter (see Ency, Brit. iii.

405-406) purports to have been written by Jeremiah to

the exiles who were already in Babylon or on the way
thither. Recent research has not done much to elucidate

the difficulties of this writing (see Fritzsche, Handh. zu

den Apok, 1851 ;
Gififord, Speaker's Apocr, ii. 286-303

;

Marshall, Hastings^ Bible Diet. ii. 578-579).

2 Maccabees,— This book (see Ency, Brit, xv. 131)
was written in the Pharisaic interest, probably by an
Alexandrian Jew, although his work shows no trace of

distinctively Alexandrian Judaism. Its aim is religious

rather than historical, and where it comes into collision

with 1 Macc. its evidence is generally set aside as worth-

less. On the other hand, it has undoubtedly a value of its

own; and at times, in accord with Josephus, who was
unacquainted with it (cf, iv.

;
vi. 2 ;

xiii. 3-8
;
xiv. 1 ; see

Grimm, Exeget. Handbuck^ 1857, p. 13), it furnishes us,

where 1 Macc. is silent, with historical materials of great

worth. Geiger held that it was written as a deliberate po-
lemic against 1 Macc.,and Kosters {Theol. Tijclschrift, 1878,
pp. 491-55S)further argued that the so-called epitomizerwas
the actual author, and merely assumed the mask of Jason’s
name for controversial purposes. Although Kamphausen
{Apok, und Pseud, i. 84) follows Kosters’ lead, this view
is preposterous. That a writer who wished to advocate
the doctrines of Pharisaism should seek authentication by
appealing to the work of an African Jew, unless such a
work were actually in existence, would be without parallel

in pseudepigraphic literature. Moreover, the eschato-

logical details which appear in its narrative are just such
as fit in with the eschatological systems of the 2nd century
B.c,, and were certainly not the current views when the
epitomizer wrote between 50 b.c. and a.d. 1.

3 Maccabees,—^This so-called book of Maccabees (see

Ency, Brit, xv. 131) is a piece of fiction, recording an
attempted massacre of the Jews under Ptolemy lY. Philo-

pator, and based in part on an old legend preserved in

Josephus, Contra Apion^ ii. 5. The date is quite uncertain

—sometime between 100 b.c. and a.d. 70 (see Grimm’s
Exeget. Handbuch zu den Apok. 1853, vol. iii.

; Bissell,

Apocrypha, 1880, pp. 615-637; Kautzsch’s u. Pseud,

1900, i. 119-135; Fairweather in Hastings’ Bible Diet.

iii. 192-194).

Prayer ofManasseh,—Scholars are not yet agreed as to

the original language of this penitential psalm. Most
take it to have been written in Greek, and with these

Fritzsche, Schnrer, and Ryssel (Kautzsch, Apok, u.

Pseud, i. 165-168) agree. On the other hand, Furst,

Ewald, Ball, and Budde argue for a Hebrew original.

From the statements in 2 Chron. xxxiii. 12, 13, 18, 19,

it follows that the chronicler found this prayer in Hebrew
in his sources, The History of the Kings of Israel and The
History of the Seers, Ewald regards the Greek as an
actual translation of the lost Hebrew, but Ball more wisely

takes it as a free rendering of a lost Haggadic narrative

founded on the older document from which the chronicler

drew his information. This view he supports by showing
that there was once a considerable literature in circula-

tion regarding Manasseh’s* later history. Fritzsche, Ball,

and Ryssel agree in assigning this psalm to the Maccabean
period. Its eschatology and doctrine “ of divine forgive-

ness” may point to an earlier date. The best short

account of the book is given by Ball {Speaker's Apo-
crypha, ii. 361-371); see also Porter in Hastings’ Bible

Dictionary, iii. 232-233.

Tobit.—To the excellent account of this book in Ency.
Brit, xxiii. 427-428, it will not be necessary to make any
great addition. Notwithstanding the arguments of Gratz
{Monatsschr

, f. Gesch. des Judenthums, 1879, pp. 145 sqq.,

385 sqq., 433 sqq., 509 sqq., and of Rosenthal {Vier apo-

kryphische Bucher, 1885, pp. 104-150), and of Fuller

(Wace’s Apocrypha, i. 1888, pp. 164-171) for a Hebrew
original, the original language is generally, with Noldeke
{Monatsberichte d, Berliner Akad, 1879, 45 sqq.), taken
to be Greek. The following table constructed by the

last-named scholar will explain most briefly the relations

of the many versions of this book :

A (= Codex Alexandrimis)

B. and 0. Syriac (first half) Ethiopic Hebrew of Fagius

Chaldee in Old Latin Syriac (second half)

its original form
|

Jerome’s Yersion

Bodleian Chaldee Hebrew of Munster

The Hebrew texts published by Gaster, Proceedings of
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the Society of Bill, Archaeology^ 1896, pp. 208-222, 259-

271 ; 1897, pp. 27-38, have no more claim to represent

the original than those above referred to.

Flojce and DaU,—The book was most probably written

in Egypt subsequently to the Maccabean rising and before

the building of the Herodian temple 25 b.c.

On the literary connexion with the story of Achikar,

see art. Achiacharus in Ency. Bill,

(ii.) Apocalyptic lAteratwre,

Slavonic Book of Enoch ; or, the Booh of the Secrets of

Enoch,—This new fragment of the Enochic literature has

only recently come to light through five MSS. discovered

in Eussia and Servia. Since about a.d. 500 it has been

lost sight of. It is cited without acknowledgment in the

Booh ofAdam and Eve, the Apocalypses ofMoses and PavZ,

the Sibylline Oracles, the Ascension of Isaiah, the Epistle

of Barnabas, and referred to by Origen and Irenaeus (see

Charles, The Booh of the Secrets of Enoch, 1895, pp.

xvii.-xxiv.). For Charles’s editio princeps of this work,

in 1895, Professor Morfill translated two of the best MSS.,

as well as Sokolov’s text, which is founded on these and
other MSS. In 1896 Bonwetsch issued his Das slavische

Henochhuch, in which a German translation of the above

two MSS. is given side by side, preceded by a short intro-

duction. The main part of the book was written in Greek.

This follows from the fact that in xxx. 13 it is said that

Adam’s name is derived from the four quarters of the

earth : that is, from the initial letters of avarokrj, Bvo-ls,

dpKTo<s, ii^arriii^pia. This derivation is impossible in

Semitic. Portions of the book, however, go back to a

Semitic original, seeing that it is quoted in the Test, XII,
Patriarchs, which was written in Semitic and belongs to

the 2nd and 1st centuries b.o. The book in its present

form was written in Egypt, for many of its speculations

are characteristic of Philo and other Hellenistic writers : its

account of the creation, xxv. sq,, betrays Egyptian elements,

as well as its description of such creations as the Phoenixes

and Chalkydries. Since this book quotes Ecclesiasticus,
|

the Ethiopic Book of Enoch, and Wisdom (1), the terminus
\

a quo cannot be earlier than 30 B.C., and the terminus ad
\

guem must be assumed as earlier than a.d. 70, for the temple

is still standing. The author was an orthodox Hellenistic

Jew, who lived in Egypt. Thus he believed in sacrifices,

xlii. 6, lix. 1, Ixvi. 2 ;
in the law, hi. 9, 10; and in an

immortality of the blessed, in which the righteous should
be clothed in “ the raiment of God’s glory,” xxii. 8. The
writer is an eclectic. Platonic (xxx. 16), Egyptian
(xxv. 2), and Zend (Iviii. 4-6) elements are incorporated

in his system.

Oracles of Hystaspes,—See under N. T. Apocalypses.
Testarmnt of Job,—This book was first printed from

one MS. by Mai, Script, Yet, Nov, Coll, 1833, vii. i. 180,
and translated into French in Migne’s des Apocryphes,
ii. 403. An excellent edition from two MSS, is given by
M. E. James, Apocrypha Anecdota, ii. pp. IxxiL-cii. 104-

137, who holds that the book in its present form was
written by a Christian Jew in Egypt on the basis of a
Hebrew Mdrash on Job in the 2nd or 3rd century a.d.
It is a cleverly-written work, but not of much value.

Testaments of the III Patriarchs,—^For an account of
these three Testaments (referred to in the Apost, Const, vi.

16), the first of which only is preserved in the Greek and
is assigned by James to the 2nd century a.d., see that
scholar’s “ Testament of Abraham,” Texts and Studies, ii.

2, 1892, which appears in two recensions from six and
three MSS. respectively, and Vassiliev’s Anecdota Graeco-
Byzeuntina, 1893, pp. 292-308, from one MS. already used
by James. This work was written in Egypt, according to
James, and survives also in Slavonic, Eoumanian, Ethiopic,

and Arabic versions. It deals with Abraham’s reluctance

to die and the means by which his death was brought

about. James holds that this book is referred to by
Origen {Horn, in Luc, xxxv.), but this is denied by Schurer,

who also questions its Jewish origin. With the exception

of chaps. x.-xi., it is really a legend and not an apocalypse.

An English translation of James’s texts will be found in

the Ante-Nicene Christian Library, Clark, 1897, pp. 185-

201. The Testaments of Isaac and Jacob are still pre-

served in Arabic and Ethiojnc (see James, op, cit. 140-

161).

Sibylline Oracles,—We must here content ourselves in

the main vrith referring the reader to Ency. Brit, ii. 177-

179, xxii. 13-14, for the treatment of this subject. Hot
much has been done for the exegesis of this book of recent

years. The most important contributions are those of

Zahn, “Ueber Ursprung und religiosen Charakter der

Sibyllinischen Bucher, iv.; v.
;

viii. 1-216; xii.
;

xiii. ” in

the Zeitschrift fiir hirchl. Wissensch, und hirchl. Leben,

1886, pp. 32-45, 77-87
;
Hirsch, Jewish Quarterly Review,

1890, pp. 406-429; Deane, Pseudepigrapha, 1891, pp.

276-344; Harnack, Gesch, der altchristl, Litteratur, i

762, 861-863
;

ii. 1, 581-589
;

Charles, Ency. Bihlica, i.

245-250; Schurer®, iii. 421-450; Blass in Kautzsch’s

Apoh. u. Pseud, ii. 177-184. The best edition of the text

is that of Ezach, Oracula Sibyllina, 1891. A Latin

translation is appended to Alexandre’s edition of the text

and a German to that of Friedlieb. A translation in

English blank verse has been made by Terry, The Sibyl-

line Oracles, 1899. A literal prose rendering, with

some exegetical notes and a critical introduction, is a

desideratum.

(iii.) Wisdom Literature.

4 Maccabees.—This book (see Ency. Brit. xv. 131)
bears a distinctly philosophic character. It has the form
of a sermon of the synagogue ; for, as Freudenthal points

out, it presumes the presence of an audience (i. 1, xviii. 1).

On the other hand, it was undoubtedly composed with
a view to publication in Jewish circles (xviii. 1), for its

abstruse style is unfitted for an ordinary congregation.

The author is a Hellenistic Jew, but his conception of

Judaism is strongly influenced by Stoicism. He teaches

that the true Stoic ideal is possible only in Judaism ; the

passions are to be mastered, not exterminated, by reason

;

that is, by pious reason. Besides the Hellenistic view that

only the soul can attain to a blessed immortality (xiii. 16,

XV. 2, xvii. 18) this writer teaches that the martyrdom of

the righteous atones for the sin of the people (vi. 29, xvii.

21). Eusebius’s ascription of the book to Josephus {H, E,

m. X. 6) is certainly wrong. The more recent literature

on this hook comprises Bensly’s edition of the Syriac

version of this hook. The Fourth Booh of Maccabees , . ,

in Syriac,first edited by the late R, L, Bensly, with an
i/ntroduction and translations by Barnes, 1895 ;

Swete’s

Old Testament in Greeh, 1894, iii. 729 sqq, Swete gives

the text of A and variants from the Cod. Yen., and
certain fragments of Tischendorf. A German translation

based on the above materials will be found in Kautzsch,

Apoh. u. Pseud, ii. 152-177.

5 Maccabees.— Ency, Brit. xv. 131.

Wisdom ofSolomon,—^This pseudepigraph claims to have
been written by King Solomon (vii.-ix., cf. ix. 7-8). The
writer shows a close acquaintance with the canonical books
bearing the name of Solomon, Siegfried (Kautzsch, Apoh.
u. Ps&ad. i. 476) is of opinion that this work is a deliberate

polemic against the Epicurean-minded author of Ecclesi-

astes, and seeks to present Solomon as an example
of Jewish piety. The book was written in Greek by
an Alexandrian Jew. Though the Greek has many
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Hebraisms (see Grimm, Buck der Wdsheit, 1860, p. 5

;

Farrar, Speaker's Apocrypha, i, 404) the author displays a
remarkable mastery in his use of it. Margoliouth has
sought to show that it was composed not in Greek but in
later Hi'brew {Jow'nal of the Royal Asiatic Society, 1890,
pp. 263 297), But the strongly idiomatic character of its

language, the philosophic cast of the thought, its Hellenistic

theology and eschatology (Charles, Eschatology : Helrew,
Jewish, and Christian, 1899, pp. 251-258) prove incon-

testably its original composition in Greek (see Freuden-
thal’s review of Margoliouth in the Jewish Quarterly
Review, 1891, pp. 722-753). The author was a Jew well
versed ir Greek literature. Occasionally, it is true, he
uses words in a non-Greek sense

; but on the other hand
he is so !;horoughly at home in Greek that, like Philo,

he ventur 3s to coin new compound words and phrases.

Eurthermc>re, he was a student of Greek philosophy,

especially of Plato and the Stoics, and uses familiarly the

technical language of the schools (Grimm, op. cit. pp. 19-

20 ; Farrar, op. cit. i. 407). The references to Egyptian
animal-wornhip in xv. 18, 19, xvi. 1, 9, and the Hellenistic

type of eschatology point to Egypt as the home of the

author. The book is later than Ecclesiasticus, and probably

earlier than Philo^s writings. Hence in all likelihood it

originated ap some time within the years 150 b.c. and a.d.

10. The -writer’s object is to warn men against the folly

of ungodlin(‘SS, and particularly of idolatry. He takes his

stand on the current dogmas of Platonic philosophy as to

the essentially evil nature of matter and the pre-existence of

the soul. Hence he teaches not the resurrection of the

body but the immortality of the soul. This consummation
can be attained only through the life of wisdom.

Texts, Versions, a'iid Editions.—In The Old Testament in Greek,

ii., Swete folbws B, and gives in the notes the variants of
, A and

C. Fntzsch(, in his Libri Apocryphi F. T. Greece, 1871, gives, in

addition to the documents of the above MSS., those of Cod. Ven.,
the cursives s nd the versions : but his collation of B is untrust-
worthy. In The Book of Wisdom, 1881, Deane gives the Greek
text (agreein ^ mostly with Fntzsche), the Latin version, and an
English tianslation and commentary. Besides the Latin "there are

Syriac, Ethiooic, Armenian, and Arabic versions. Ofthese the Ar-
menian is said to be the most faithful. For literature generally, see
SchurerS in. 382-383.

New Testament Apocryphal Literature,^

(i. ^ Gospels

Gospel accoiling to the Egyp-
tians.

Fayum GospsI Fragment.
Gospel according to the Hebrews.
Protevangel of James.
The Logia (^).

Gospel ot NfCodemus.
Gospel of Peter.

Gospel of Tbiomas.

Gospel of the Twelve.

Gnostic Acts of Peter.

Preaching of Peter.

Acts of Thomas,
Teaching of the Twelve Apostles.

(iii.) Epistles.

The Abgarus Epistles.

Epistle of Paul to the Laodiceans.

Third Epistle of Paul to the

Corinthians, and the Epistle

of the Corinthians to Paul.

(ii.) Acts and Teachings of the

\

Apostles,

Acts of Andrew.
Acts of Jolp.
Acts of Paijil.

Acts of Paul and Theda.

(iv.) Apocalypses.

Greek Apocalypse of Baruch.
Testament of Hezekiah,

Oracles of Hystaspes.

Vision of Isaiah.

Apocalypse of Peter.

, L

—

Gospels.

Gospei according to the Egyptians,—This gospel is first

mention^i by Clem. Alex, {Strom, iii. 63, 93), subse-

quently jby Origen (Horn, in Luc. i.) and Epiphanius

{Hcer. Ixii. 2), and a fragment is preserved in the so-called

epistle (ii Clem. Bom. xii. It circulated among various

heretical circles: amongst the Encratites (Clem. Strom.

iii. 9), the Naassenes (Ps. Orig. Philos, v. 7), and the

^ Only such works as were written or are supposed to have been

written before a.d. 170 will be considered here.

Sabellians (Epiph. Beer. Ixii. 2). Only three or four

fragments survive, see Lipsius (Smith and Wace, Diet, of
Christ. Biog. ii. 712, 713); Zahn, Gesch. d. FTlicJien

Kanons, ii. 628-642
;

Preuseben, Resfe d. ausserharioni-

schen Evangelien, 1901, p. 2, which show that it was a
product of pantheistic Gnosticism. Lipsius and Zahn
assign it to the middle of the 2nd century.

Fayimi Gospel Fragment.—^This small fragment contains

two sayings of Christ and one of Peter, such as we find

in the canonical gospels, Mt. xxvi. 31-34, Mk. xiv. 27-30.

The papyrus, which is of the 3rd century, was discovered

by Bickell among the Baines collection, who characterized

it {Z.f hath. Tkeol. 1885, pp. 498-504) as a fragment of

one of the primitive gospels mentioned in Luke i. 1. On
the other hand, it has been contended that it is merely a
fragment of an early patriotic homily. (See Zahn, op. cit.

ii. 780-790; Harnack, Texte und Unfey'suchungen, v. 4;
Preuseben, op. cit. p. 19.)

Gospel according to the Hebrews,—This gospel was
cited by Ignatius {Ad Smyrnceos, iii.) according to Jerome
{Yiris Ulus. 16, and in Jes. lib. xviii.), but this is declared

to he untrustworthy by Zahn, op. cit. i. 921 ;
ii. 701, 702.

It was written in Aramaic in Hebrew letters, according

to Jerome {Adv. Pelag. iii. 2), and translated by him
into Greek and Latin. Both these translations are lost.

A collection of the Greek and Latin fragments that have
survived, mainly in Origen and Jerome, will be found in

Hilgenfeld’s NT extra Canonem receptum, Nicholson’s

Gospel according to the Hebrews (1879), WestcoWs intred.

to the Gospels, and Zahn’s Gescli. des NTlichen Kanons, ii.

642-723 ;
Preuseben, <yp. cit. 5-1 1 . This gospel was regarded

by many in the first centuiies as the Hebrew original of the

canonical Matthew (Jerome, in Matt. xii. 13 ; Adv. Pelag.

iii. 1). With the canonical gospel it agrees in some of

its sayings; in others it is independent. It circulated

among the Nazarenes in Syria, and was composed, accord-

ing to Zahn (pp. cit. ii 722), between the years 135 and
150. Jerome identifies it with the Gospel of the Ihvelve

{Adv. Pelag. iii. 2), and states that it was used by the

Ebionites {Comm, in Matt. xii. 13). Zahn {op. cit. ii.

662, 724) contests both these statements. The former he
traces to a mistaken interpretation ot Origen {Horn I. in

Imc.). Lipsius, on the other hand, accepts the statements

of Jerome (Smith and Wace, Diet, of Christian Biography.

ii. 709-712), and is of opinion that this gospel in the form
in which it was known to Epiphanius, Jerome, and Origen,

was a recast of an older original,” which, written origin-

ally in Aramaic, was nearly related to the Logia used by
St Matthew and the Ebionitic writing used by St Luke,

“which itself was only a later redaction of the Logia,”

Protevangel of James.—This title was first given in the

16th century to a writing which is referred to as The Booh

of James (t) B//SAos ’la/cwySoi/) by Origen (tom. xi. in

Matt.). The narrative extends from the Conception of

the Virgin to the Death of Zacharias. Lipsius shows that

in the present form of the book there is side by side a
strange “admixture of intimate knowledge and gross

ignorance of Jewish thought and custom,” and that accord-

ingly we must “distinguish between an original Jewish

Christian writing and a Gnostic recast of it.” The former

was known to Justin {Dial. 78, 101) and Clem. Alex.

{Strom, vii. 16), and belongs at latest to the earhest years

of the 2nd century. The Gnostic recast Lipsius dates about

the middle of the 3rd century. From these two works

arose independently the Protevangel in its present form

and the Latin pseudo-Matthaeus. The Evangehum de

Nadvvitate Marias is a redaction of the latter. (&e Lipsius

in Smith’s Diet, of Christ. Biog. ii. 70 1-703.) Zahn ( Gesch.

Kanons, i 485, 499, 502, 504, 539 ;
li, 774-780) assigns

the Protevangel to the first decade of the 2nd century.
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The Logia (g.'V.).--This name is given to the sayings

contained in a papyims leaf by its discoverers Grenfell and

Hunt. They think the papyrus was probably written

about A.B. 200. According to Harnack, it is an extract

from the Gospel of the Egyptians.

Gospel of Nkodenius.—This title is first met with in

the 13th century. It is used to designate an apocryphal

writing entitled in the older MSS. ‘^vTrofxvrjfiara rov

Kvplov oj/itov ^l7)(rov XptCTTOv 'rrpaxOevra eTrl TLovtlov

ILcXarov:^’ also ‘^Gesta Salvatoris Domini . . . inventa

Theodosio magno imperatore in lerusalem in praetorio

Pontii Pilati in codicibus publicis.” See Tischendorf,

E'vangelia Apocrypha'^, pp. 333-335. This work gives an

account of the Passion (i.-xi.), the Eesurrection (xii.-xvi.),

and the Descensus ad Inferos (xvii.-xxvii.). Chapters

i.-xvi. are extant in the Greek, Coptic, and two Armenian

versions. The two Latin versions and a Byzantine recen-

sion of the Greek contain i.-xxvii. (see Tischendorf,

Evangelia Apocrypha^

^

pp. 210-458). All known texts

go back to A.D. 425, if one may trust the reference to

Theodosius. But this was only a revision, for as early as

376 Epiphanius {Ecer. i. 1) presupposes the existence of a

like text. In 325 Eusebius (A E. ii. 2) was acquainted only

with the heathen Acts of Pilate, and knew nothing of a

Christian work. Tischendorf and Hofmann, however, find

evidence of its existence in Justin’s reference to the Lkto.

UiXdrov (Apol, i. 35, 48), and in Tertullian’s mention of

the Acta Pilati (Apol. 21), and on this evidence attribute

our texts to the first half of the 2nd century. But these

references have been denied by Scholten, Lipsius, and

Lightfoot. Eecently Schubert has sought to derive the

elements which are found in the Petrine Gospel, but not in

the canonical gospels, from the original Acta Pilati, while

Zahn exactly reverses the relation of these two works.

Eendel Harris (1899) advocated the view that the Gospel

of Hicodemus is a prose version of the Gospel of Nico-

demus, written in Homeric centones as early as the 2nd

century. Lipsius and Dobschutz relegate the book to !

the 4th century. The question is not settled yet (see

Lipsius in Smith’s Diet, of Christ. Biography, ii. 708-

709, and Dobschutz in Hastings’ Bible Dictionary, iii.

544-547).

Gospel of Peter.—^Before 1892 we had some knowledge

of this gospel. Thus Serapion, bishop of Antioch (a,I).

190-203) found it in use in the church of Ehossus in

Cilicia, and condemned it as Docetic (Eusebius, H. E.

vi. 12. Again Origen (In Matt. tom. xvii. 10) says that

it represented the brethren of Christ as His half-brothers.

In 1885 a long fragment was discovered at Akhmim, and
published by Bouriant in 1892, and subsequently by Lods,

Eobinson, Harnack, Zahn, Schubert, Swete. Harnack
holds that Justin used this gospel, and hence assigns its

composition to the beginning of the 2nd century
;
Sanday

to 125, Zahn to 130, and Swete and Chase to 150.

Gospel of Thomas.—^This gospel professes to give an
account of our Lord’s boyhood. It appears in two recen-

sions. The more complete recension bears the title ©w/xa

^\crpariXirov ^iXo(r6<pov prird eh ra TraiBiKO. tou Kvpfov,

and treats of the period from the 7th to the 12th year

(Tischendorf, Evemgelia Apocrypha^, 1876, 140-157). The
more fragmentary recension gives the history of the child-

hood from the 5th to the 8th year, and is entitled Svy-
ypa/xjtxa rov aylov aToerroXov 0&)/xa Trepi 'njs 7rat8tK%

dvaerrpoef}^^ rov Kvpiov (Tischendorf, op, cit. pp. 158-163).

Two Latin translations have been published in this work
by the same scholar—one on pp, 164-180, the other under
the wrong title, Pseudo-Matthoei Evomgelivm, on pp. 93-

112. A Syriac version, with an English translation, was
published by Wright in 1875. This gospel was originally

still more Docetic than it now is, according to Lipsius.

Its present form is due to an orthodox revision wliich

discarded, so far as possible, all Gnostic traces. Lipsius

(Smith’s Diet, of Christ. Biog. ii. 703) assigns it to the latter

half of the 2nd century, but Zahn (Gesch. Kan. ii. 771),

on good grounds, to the earlier half. The latter scholar

shows that probably it was used by Justin (Dial. 88).

At all events it circulated among the Marcosians (Irenaeus,

Hoar. i. 20) and the 'N'aasenes (Hippolytus, Eefut. v. 7),

and subsequently among the Manichaeans, and is frequently

quoted from Origen downwards (Horn. I. in Luc.). If the

stichometry of Hicephorus is right, the existing form of

the book is merely fragmentary compared with its original

compass.

Gosp>el of the Twelve.—This gospel, which Origen knew
(Ham. I. in Luc.), is not to be identified with the Gospel

according to the Hebrews (see above), with Lipsius and
others, who have sought to reconstruct the original gospel

from the surviving fragments of these two distinct works.

The only surviving fragments of the Gospel of the Twelve

have been preserved by Epiphanius (llo&r. xxx. 13-16, 22 :

see Preuschen, op. cit. 9-11), It began with an account of

the baptism. It was used by the Ebionites, and was

written, according to Zahn (op. cit. ii. 742), about a.d. 170.

II.—Acts and Teachings of the Apostles.

Acts of Andrew.—These acts (referred to by Euseb.

H. E. iii. 25 ;
Epiph. Hoer. xlvii. 1, &c.) are ascribed to

the authorship of Leucius. For a complete discussion of

the various documents see Lipsius, Apohrypken Aposteh

geschichten, i. 543-622
;

also James in Hastings’ Bible

Diet. i. 92-93. The best texts are in Bonnet’s Acta Aposta^

leyrum Apocrypha, 1898, II. i. 1-127.

Acts of John.—These acts (cf. Eusebius, H. E. iii. 25

;

Epiph. Hmr. xlvii. 1), which recount many marvellous

acts of John, his exile, and death, spring from the same

period and authorship as the Acts of Peter. For a dis-

cussion of this work see Zahn, Gesch. Kanons, ii. 856-

865 ; Lipsius, Apoh Apostelgesch. i. 348-542. The only

complete text is to be found in Bonnet, Acta A2)osf.
Apocrypha, 1898, pp. 151-216. See James, Anecdota, ii.

pp. i.-xxv., 1-25 (1897).

Acts of Paul.—These acts, which claim to have been

written by Linus, are assigned by Zahn to the years

150-180. See Gesch. Kanons, ii. 865-891, and Lipsius,

Acta Apost. Apoc. 1891
;
Apoh Apostelgesch. ii. 70 sqq.

Acts ofPaul cmd Thecla.—^These were written, according

to TertuUian (De Baptismo, 17) by a presbyter of Asia,

who was deposed from his office on account of his forgery.

This, the earliest of Christian romances (probably before

A.D. 150), recounts the adventures and sufferings of a

virgin, Thecla of Iconium. Lipsius discovers Gnostic

traits in the story, but these are denied by Zahn (Gesch.

Kanons, ii. 902). See Lipsius, op. cit. ii. 424-467
;
Zahn

(op. <dt. ii. 892-910). The best text is that of Lipsius,

Acta Apost. Apoc. 1891, i. 235-272. There are Syriac,

Arabic, Ethiopic, and Slavonic versions.

Gnostic Acts of Peter.—These acts are first mentioned

by Eusebius (H. E. iii. 3) by name, and first referred to

by the African poet Commodian about a.d. 250. Yet

Harnack assigns their composition to this period mainly

on the ground that Hippolytus was not acquainted with

them
;
but even were this assumption true, it would not

prove the nOn-existence of the acts in question. The
Uterary relationship between these acts and the Leucian

Acts of John have been shown by Lipsius, Zahn, and

James. According to Photius, moreover, the Acts of
Peter, also, were composed by this same Leucius Charinus,

who, according to Zahn (Gesch. Kernons, ii. 864), wrote

about 160 (op. cit. p. 848). These acts deal with Peter’s

victorious conflict with Simon Magus, and his subsequent
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martyrdom at Rome under Nero. They are edited by
Lipsius and Bonnet, Acta Ajpostolarwni Apocrypha, 1891.

See Zahn, op, cit, 832-855
;

James, Apoc, Anec, li. pp.
xxiv.-xxviii.

j
and Chase, in Hastings' Bible Diet, iii.

773-774.

Preaching of Peter.—This book (ILerpov KyjpvyjjLa) gave

the substance of a series of discourses spoken by one

person in the name of the apostles. Clement of Alex-

andria quotes it several times as a genuine record of

Peter’s teaching. Heracleon had previously used it (see

Origen, In Evang, Johann, tom. xiii. 17). It is spoken

unfavourably of by Origen {De Prm, Praef. 8). It was
probably in the hands of Justin and Aristides. Hence
Zahn gives its date as 90-100 at latest; Dobschiitz, as

100-110; and Harnack, as 110-130. The extant fragments

contain sayings of Jesus, and warnings against Judaism

and Polytheism. They have been edited by Hilgenfeld

:

JJov, Test, extra Can. 1884, iv. 51-65, and by von Dob-
schiitz, Das Kerygma Petri, 1893. Salmon {Diet, Christ.

Biog, iv. 329-330) thinks that this work is part of a

larger work, A Preaching ofPeter and a Preaching ofPaul,

implied in a statement of Lactantius {Inst. Div. iv. 21)

;

but this view is contested by Zahn, see Gesch, Kanons, ii.

820-834, particularly pp. 827-828
;

Chase, in Hastings’

Bible Did i-v.m.
Acts of Thomas .—This is one of the earliest and most

famous of the Gnostic acts. It has been but slightly

tampered with by orthodox hands. The Greek and

Latin texts were edited by Bonnet in 1883, the Greek

also by James, Apoc. Anec. ii. 28-45, and the Syriac by
Wright. Photius ascribes their composition to Leucius

I

Charinus—therefore to the 2nd century, but Lipsius

assigns it to the early decades of the 3rd. (See Lipsius,

Apohryphen Apostelgeschichten, i. 225-347.)

Teaching of the Twelve Apostles {g-v,).—This important

work was discovered by Pbilotheos Bryennios in Constanti-

nople and published in 1883. Since that date it has been

frequently edited. The bibliography can be found in

Schaff’s and in Harnack’s editions. The book divides

itself into three parts. The first (i.-vi.) contains a body of

ethical instruction which is founded on a Jewish and

probably pre-Christian document, which forms the basis

also of the Epistle of Barnabas, The second part consists

of vii,-xv., and treats of church ritual and discipline
;
and

the third part is eschatological, and deals with the Second

Advent. The book is variously dated by different

scholars: Zahn assigns it to the years a.d. 80-120; Har-

nack to 120-165
;
Lightfoot and Funk to 80-100

;
Salmon

to 120. See Salmon in Diet, of Christ. Biog, iv. 806-815.

III.

—

Epistles.

The Ahgarus Epistles.—These epistles are found in

Eusebius {H. E, i. 3), who translated them from the

Syriac. They are two in number, and purport to be a

petition of Abgar Uchomo, king of Edessa, to Christ to

visit Edessa, and Christ’s answer, promising after His

ascension to send one of His disciples, who should “ cure

thee of thy disease, and give eternal life and peace to thee

and all thy people.” Lipsius thinks that these letters

were manufactured about the year 200. (See Diet. Christ,

Biog, iv. 878-881, with the literature there mentioned.) The

above correspondence, which appears also in Syriac, is

inwoven with the legend of Addai or Thaddaeus. The

best critical edition of the Greek text will be found in

Lipsius, Acta Apostolorwni Apocrypha, 1891, pp. 279-283.

Pauline Epistles to the Laodiceans and the Alexandrians.

— The first of these is found only in Latin. This,

according to Lightfoot (see Colossians®, 272-298) and

Zahn, is a translation from the Greek. Such an epistle

is mentioned in the Muratorian canon. See Zahn, op. cit.

ii. 566-585. The Epistle to the Alexandiians is mentioned
only in the Muratorian canon. (See Zahn, ii, 586-592.)

Third Epistle of Paul to the Corinthians, and Epistle

from the Corinthians to Paul,—These letters, which are still

preserved in Armenian and Latin, are declared by Zahn to

belong to the Acts of Paul. See Gesch. Kanons, ii. 592-

611. On the Latin text see Carriers and Berger, Corre-

spondence apocr. de S. P. et des Corinthiens, 1891 ;
Yetter,

Der apohryphe 3 Korintherhrief, 1894.

lY.

—

Apocalypses.

The five apocal3q)ses in Tischendorf’s Apocalypses Apo-
cryphae, 1866

—

Apoc. miosis (which belongs to the Adam
literature), Apoc. Esree, Apoc. Pauli, Apoc. Johannis,

Dormitio Marice—are of too late a date to be considered

here, though they are in some respects valuable as con-

taining ancient elements.

Gh'eek Apocalypse of Baruch.—This work is referred to

by Origen, De Princip. II. iii. 6 : Denique etiam Baiuch
prophetee librum in assertionis hujus testimonium vocant,

quod ibi de septem mundis vel caslis evidentius indicatur.”

This book survives in two forms in Slavonic and Greek.

The former was edited by Bonwetsch in 1896, in the

Nachrichten von der honigl. Ges. der Wiss. zu Gbtt pp.

91-101
;

the latter by James in 1897 in Anecdota, li.

84-94, with an introduction (pp. li.-lxxi.). Neither work
represents exactly the book of which Origen writes, for

the Slavonic mentions only two heavens and the Greek

only five. As the original work is based on the Syriac

Apocalypse ofBaruch and the Rest of the Words ofBaiuch,

its composition falls between a.I). 136 and 200, if we
accept the date assigned by Eendel Harris to the latter.

A German translation of the Greek appears in Kautzsch’s

Apoh, u. Pseud, ii. 448-457.

Testament of Hezehiah,—This writing is fragmentary,

and has been preserved merely as a constituent of the

Ascension of Isaiah, To it belongs iii. 13Mv. 18 of

that book. It is found under the above name, LiaBriKr\

^‘E^€klov, only in Cedrenus i. 120-121, who quotes par-

tially iv. 12, 14, and refers to iv. 15-18. This evidence is

supported by i. 2^-5^ of the book, which describes the con-

tents of HezehiahJs Vision, and which was inserted by the

editor to prepare for the vision recounted in iii. 13Mv. 18.

This vision is definitely said to be Hezekiah’s in i. 2, 4,

and in the Greek Legend, i. 2, which is buUt on the

Ascension of Isaiah, The book may have in part a

Semitic background, as Semiticisms are found in iii. 27.

It was written between a.d. 88 and 100. The ground for

the earlier date is furnished by the form of the Antichrist

myth which it attests. We have here Beliar incarnated

as Antichrist in the form of the dead Nero. The terminus

ad quern is supplied by iv. 13, according to which few of

the personal disciples of Christ were still living when the

author wrote. Hence we may reasonably fix this limit at

A.D. 100 at latest. See Charles, Ascension of Isaiah,

1900. (For versions, editions, &c., see section on
“ Martyrdom of Isaiah,” and Charles, Ascension of Isaiah,

pp. xvi., xix.-xxviii.). This work gives us a sketch of the

Church at the close of the 1st century. It bewails the

fewness of the prophets, the prevalence of heresies, and

the sad declension in Christian character. It touches

incidentally on the Guilds, whose object was to keep

believers in readiness for the advent of Christ, but expect-

ing actually to experience first the dreaded coming of the

Antichrist.

Oracles of Hystaspes.—This eschatological work (Xp^Jo-ct?

'Yo-Tao-TTov : so named by the anonymous 5th-century

writer in Buresch, Klaros, 1889, p. 95) is mentioned

in conjunction with the Sibyllines by Justin {ApoL

i. 20), Clement of Alexandria {Strom, vi. 5), and Lac-
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tantius (Inst. YII. xv. 19; xviii. 2-3), According to

Lactantius, it prophesied the overthrow of Rome and the

advent of Zeus to help the godly and destroy the vdcked,

but omitted all reference to the sending of the bon^ of

God, According to Justin, it prophesied the destruction

of the world by fire. According to the Apocryph of Paul^

cited by Clement, Hystaspes foretold the conflict of the

Messiah with many kings and His advent. Finally, an

unknown 5th-century writer (see Buresch, Klaros^ 1889,

pp. 87-126) says that the Oracles of Hystaspes dealt with

the incarnation of the Saviour. The work referred to in

the last two writers has Christian elements, which were

absent from it in Lactantius’s copy. The lost oracles were

therefore in all probability originally Jewish, and subse-

quently re-edited by a Christian.

Vision of Isaiah.—This writing has been preserved in its

entirety in the Ascension of Isaiah, of which it constitutes

chaps. vi.-xi. Before its incorporation in the latter work
it circulated independently in Greek. Thus we have

independent versions of these chapters in Latin and

Slavonic. In the course of its incorporation in the

Ascension of Isaiah it underwent certain changes to which

we shall advert later. This work was written in Greek.

In the 4:th century two distinct recensions of this work
already existed. The later of these, which contained

1 Cor. ii. 9 in xi. 34, was known to Jerome. This

recension (now lost) was translated into Latin and
Slavonic, The earlier recension is that which appears in

the Ascension of Isaiah, of which large fragments are

preserved in the Greek Legend. This recension, which

preserves several passages which are either abbreviated or

omitted by the later recension, was translated into

Ethiopic and Latin. Most of the latter version is lost.

The original work was used by Ignatius and the author of

the Actus* Fetri Vercellenses, and in part preserved in

Epiphanius. Accordingly we assign its composition to

the close of the 1st century a.d. (For the various texts,

the translation and interpretation, see Charles, Ascension

of Isaiah, 1900.) The Vision of Isaiah is valuable for the

knowledge it affords us of Ist-century beliefs in certain

circles as to the doctrines of the Trinity, the Incarnation,

the Eesurrection, and the Seven Heavens. (For the biblio-

graphy, see section on Martyrdom of Isaiah,’^ p. 487.)

Apocalypse of Peter.—Till 1892 only some five or more
fragments of this book were known to exist. These are

preserved in Clem. Alex, and in ^facarius Magnes (see

Hilgenfeld, H. T. extra Gan. iv. 74 sqq.\ Zahn, Gesch.

Kanons, ii. 818-819). It is mentioned in the Muratorian
Canon, and according to Eusebius (II. E. vi. 14. 1) was
commented on by Clement of Alexandria. In the frag-

ment found at Akhmim there is a prediction of the last

things, and a vision of the abode and blessedness of

the righteous, and of the abode and torments of the

wicked. For further information see the editions of

James, Lods (1892), Harnack, and Dieterich (1893).

(r. h. c.)

ApoldH.| a town of Germany, in the grand-duchy of

Saxe-Weimar, 9 miles by rail E. by N. from Weimar.
Population (1885), 18,061 ; (1895), 20,798; (1900), 20,352.

Apostles, Teachingf of the. bee Tkach-
ma OP THE Apostles.

Apostolical Constitutions.— The Apos-
tolical Constitutions (Aiarayal or Atara^ets riov aymv
d^rocTToAojv hia KXrjfjL^vros tou €7rtcr/co7rov re Kal

’TToXCrov. KaOoXLK^ BiBacTKaXia) are a collection of ecclesi-

astical regulations in eight books, the last of which con-

cludes with the eighty-five Canons of the Holy Apostles.

By their title the Constitutions profess to have been drawm
up by the apostles, and to have been transmitted to the

Church by Clement of Eome ; sometimes the alleged

authors are represented as speaking jointly, sometimes
singly. From the first they have been very variously

estimated; the Canons, as a rule, more highly than the
rest of the work. For example, the TruUan Council of
Constantinople (quinirsextuTYi) a.d. 692 accepts the Canons
as genuine by its second canon, but rejects the Constitu-

tions on the ground that spurious matter had been intro-

duced into them by heretics
;
and whilst the former were

henceforward used freely in the East, only a few portions

of the latter found their way into the Greek and oriental

law-books. Again, Dionysius Exiguus (c. a.d. 500) trans-

lated fifty of the Canons into Latin, although under the
title Canones qui dicuntur Apostolorum, and thus they
passed into other Western collections

; whilst the Constitu-
tions as a whole remained unknown in the West until they
were published in 1563 by the Jesuit Turrianus. At first

received with enthusiasm, their authenticity soon came to
be impugned

;
and their true significance was largely lost

sight of as it began to be reahaed that they were not what
they claimed to be. Tain attempts were still made to re-

habilitate them, and they were, in general, more highly esti-

mated in England than elsewhere. The most extravagant
estimate of all was that of Whiston, who calls them “ the
most sacred standard of Christiainty, equal in authority to

the Gospels themselves, and superior in authority to the
epistles of single apostles, some parts of them being our
^viour’s own original laws delivered to the apostles, and
the other parts the public acts of the apostles ’’ (Historical

preface to Primitive Christianity Revived, pp. 85-86).
Others, however, realized their composite character from
the first, and by degrees some of the component documents
became known. Bishop Pearson was able to say that “ the
eight books of the Apostolic Constitutions have been after

Epiphanius^s time compiled and x^atched together out of

the didascaliae or doctrines which went under the names
of the holy apostles and their diseqAes or successors’’

( Vind. Ign. i. cap. 5) ;
whilst a greater scholar still,

Archbishop Usher, had already gone much further, and
concluded, forestalling the results of modern critical

methods, that their compiler was none other than the
compiler of the spurious Ignatian epistles (Epp. Polyc. et

Ign. p. Ixiii. 1, Oxon. 1644). The Ax3ostolical Constitu-

tions, then, are spurious, and they are one of a long series

of documents of like character. But we have not really

gauged their significance by saying that they are spurious.

They are the last stage and climax of a gradual process of

compilation and crystallization, so to speak, of unwritten
church custom

; and a short account of this process will

show their real importance and value.

These documents axe the outcome of a tendency which is

found in every society, religious or secular, at some x^oint

in its history. The society begins by living

in accordance with its fundamental principles. Origin

By degrees these translate themselves into ap-

propriate action. Difficulties are faced and solved

as they arise
;
and when similar circumstances recur they

will tend to be met in the same way. Thus there grows
up by degrees a body of what may be called customary
law. Plainly, there is no particular point of time at which
this customary law can be said to have begun. To all

appearance it was there from the first in solution and
gr^uaUy crystallizes out

;
and yet it is being continually

modified as time goes on. Moreover, the time comes when
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the attempt is made, either by private individuals or by
the society itself, to put this “ customary law ” into writ-

ing. Now when this is done, two tendencies will at once
show themselves, (a) This “ customary law ” will at once
become more definite : the very fact of putting it into

writing will involve an effort after logical completeness.

There will be a tendency on the part of the writer to

fill up gaps; to state local customs as if they obtained
universally

;
to introduce his personal equation, and to add

to that which is the custom that which, in his opinion,

OTi^ht to be. (6) There will be a strong tendency to fortify

that which has been written with great names, especially in

days when there is no very clear notion of literary property.

TMs is done, not always with any deliberate conscious-

ness of fraud (although it must be clearly recognized that

truth is not one of the “ natuial virtues/’ and that the

sense of the obligations of truthfulness was far from strong),

but rather to emphasize the importance of what was written,

and the fact that it was no new invention of the writer’s.

In a non-literary age fame gathers about great names
;
and

that which, €x hypothesis has gone on since the beginning

of things is naturally attributed to the founders of the

society. Then come interpolations to make this ascription

more probable, and the prefixing of a title, then or sub-

sequently, which states it as a fact. This is precisely the

way in which the Apostolical Constitutions and other

kindred documents have come into being. They are at-

tempts, made in various places and at different times, to

put into writing the order and discipline and character of

the Church; in part for private instruction and edifica-

tion, but in part also with a view to actual use

;

frequently even with an actual reference to particular cir-

cumstances. In this lies their importance, to a degree

which has scarcely been adequately realized yet. They
contain evidence of the utmost value as to the order of the

Church in early days ;
evidence, however, which needs to

be sifted with the greatest care, since the personal prefer-

ences of the writer and the customs of the local church to

which he belongs are continually mixed up with things

which have a wider prevalence. It is only by careful

investigation, by the method of comparisons, that these

elements can be disentangled
;
but as the number of docu-

ments of this class known to us is continually increasing,

their value increases even more than proportionately. And
whilst their local and fugitive character must be fully

recognized and allowed for, is it unjustifiable to set them
aside or leave them out of account as heretical, and there-

fore negligible.

It will be sufficient here to mention shortly the chief

collections of this kind which came into existence during

the first four centuries
;
generally as the work of

other col-
private individuals, and having, at any rate, no

ec ons.
than a local authority of some kind, (a)

The earliest known to us is the Didache or Teachmg of the

Twelve Apostles, itself compiled from earlier materials, and

dating from, at any rate, the earlier half of the 2nd

century [Teaching oe the Apostles], (h) The Apostolic

Church Order {apostolisdie KircheTwrdnung of German
writers)

;
“Ecclesiastical Canons of the Holy Apostles” of

one MS.
;
Sententiae Apostolorum of Pitra : of the 3rd

century, and emanating probably from Tipper Egypt. Its

earlier part, cc. 1-14, depends upon the iDidache, and the

rest of it is a book of discipline in which Harnack has

attempted to distinguish two older fragments of church

law {Texte Unters. iL 5), (o) The so-called CanoTies

ITippolyti, probably Egyptian or Eoman and of the

beginning of the 3rd century. It will be observed that

these make no claim to apostolic authorship ;
but other-

wise their origin is like that of the rest, unless indeed, as

has been suggested, they represent the work of an actual
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Eoman synod. (d) The so-called Egyptian Church
Order, now extant only in a fragmentary Latin version

recently published by Hauler, and as part of two
larger collections

;
the former (sometimes called the

Egyptian Church Ordinances) being cc. 31-62 of the

Sahidic Ecclesiastical Canons, and the latter being stat. 21-

71 of the Ethiopic Statutes of the Apostles, It is apparently

of the end of the 3rd century or beginning ot the 4th.

(e) The recently-discovered Testament of ike Lord, which is

somewhat later in date, and likewise depends upon the

Canones Hippolyti [Testament oe the Loud], {/) The
so-called Canons of Basil, [On the relations between the

four last-named, see Canons oe Hippolytus.] {g) The
Didascalia Apostolorum, originally written in Greek, but
known through a Syriac version and a fragmentary Latin

one published by Hauler. It is of the middle of the

3rd century—^in fact, a passage in the Latin translation

seems to give us the date a.d. 254. It emanates from
Palestine or Syria, and is independent of the documents
already mentioned

;
and upon it, as we shall see, the Con-

stitutions themselves very largely depend, {h) A number
of shorter fragments, published by Lagarde, Pitra, and
others, (i) The Apostolical Constitutions.—At a later

date various collections were made of the documents above

mentioned, or some of them, to serve as law-books in

different churches

—

e.g., the Syrian Octateuch, the Egyptian

Heptateuch, and the Ethiopic Slnodos. These, however,

stand on an entirely different footing, since they are simply

collections of existing documents, and no attempt is made
to claim apostolic authorship for them.

The Constitutions themselves fall into three main divi-

sions. (i.) The first of these consists of books i.-vi., and
throughout runs parallel to the Didascalia.

Bickell, indeed, held that this latter was an
abbreviated form of books i.-vi.

;
but it is now agreed

on all hands that the Constitutions are based on the

Didascalia and not vice versa, (ii.) Then follows book viL»

the first thirty-one chapters of which are an adaptation of

the Didache, whilst the rest contain various liturgical forms

of which the origin is still uncertain, though it has been

acutely suggested by Achelis, and with great probability,

that they originated in the schismatical congregation of

Lucian at Antioch, (iii.) Book viii, is more composite,

and falls into three parts. The first two chapters, yapi-

cTfidrov, may be based upon a lost work of St Hippolytus,

otherwise known only by a reference to it in the preface

of the Latin version of the Egyptian Church Order;

and an examination shows that this is highly probable.

The next section, cc. 3-27, irepl yeipoToviOtv, and cc. 28-46,

Trepl jcav6v(ov, is twofold, and is evidently that upon which

the writer sets most store. The apostles no longer speak

jointly, but one by one in an apostolic council, and the

section closes with a joint decree of them all. They speak

of the ordination of bishops (the so-called Clementine

Liturgy is that which is directed to be used at the consecia-

tion of a bishop, cc. 5-15), of presbyters, deacons, deaconesses,

sub-deacons, and lectors, and then pass on to confessors,

virgins, widows, and exorcists
;
after which follows a series

of canons on various subjects, and liturgical formulae.

With regard to this section, all that can be said is that it

includes materials which are also to be found elsewhere

—

in the Egyptian Church Order and other documents already

spoken of—^and that the precise relation between them is

at present not determined. The third section consists of

the Apostolic Canons already referred to, the last and most

significant of which places the Constitutions and the two

epistles of Clement in the canon of Scripture, and omits the

Apocalypse. They are derived in part from the preceding

Constitutions, in part from the canons of the councils of

Antioch, 341, Nicaea, 325, and possibly Laodicaea.
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A comparison of tlie Constitutions with the material upon

which they are based will illustrate the compiler’s method.

(a) To begin with the Didascalia. It is unmethodical

and badly digested, homiletical in style, and abounding in

Biblical quotations. There is no precise arrangement; but

the subjects, following a general introduction, are the bishop

and his duties, penance, the administration of the offerings,

the settlement of disputes, the divine service, the order of

widows, deacons and deaconesses, the poor, behaviour in

persecution, and so forth. The compiler of the Constitu-

tions finds here material after his own heart. He is even

more discursive and more homiletical in style
;
he adds

fresh citations of the Scriptures, and additional explana-

tions and moral reflexions; and all this with so little

judgment that he often leaves confusion worse confounded

in ii. 57, where, upon a symbolical description of the

Church as a sheepfold, he has superimposed the further

symbolism of a ship). (5) Passing on to books vii. and viii.,

we observe that the compiler’s method of necessity changes

with his new material. In the former book he still makes
large additions and alterations, but there is less scope for

his prolixity than before
;
and in the latter, where he is

no longer dealing with generalities, but making actual

definitions, the Constitutions of necessity become more
precise and statutory in form. Throughout he adopts and
adapts the language of his sources as far as possible,

“•only pruning in the most pressing cases,” but towards

the end he cannot avoid making larger alterations from

time to time. And his alterations throughout are not

made aimlessly. Where he finds things which would
obviously clash with the customs of his own day, he un-

hesitatingly modifies them. An account of the Passion,

with a curiously perverted chronology, the object of which
was to justify the length of the Passion-tide fast, is entirely

revised for this reason (v. 14) ;
the direction to observe

Easter according to the Jewish computation is changed
into the exact contrary for the same reason (v. 17); and
where his archetype lapses into speaking of a lull in per-

secution he naively informs us that the Romans have now
given up persecuting and have adopted Christianity (vi. 26),

forgetting altogether that he is speaking in the character

of the apostles. Above all, he both magnifies the office of

the Christian ministry as a whole and alters what is said

of it in detail (for example, the deaconess loses rank not a
little), to make it agree with the circumstances of his day
in general, and with his own ideas of fitness in particular.

It is here that his evidence is at once most valuable and
needing to be used with the greatest care. To give one
striking example of the value of these documents. The
Oanones Hipjpolyti (vi. 43) provide that one who has been
a confessor for the faith may be received as a presbyter by
virtue of his confessorsMp and not by the laying on of the
bishop’s hands

;
but if he be chosen a bishop, he is to be

ordained. This provision passes on into the Egyptian
Ecclesiastical Canons and other kindred documents, and
even into the Testamentnim Domi/wi, But the correspond-

ing passage in the Apostolical Constitutions (viii. 23)
entirely reverses it : “A confessor is not ordained, for he
is so by choice and patience, and is worthy of great honour.
- , . But if there be occasion, he is to be ordained either

a bishop, priest, or deacon. But if any one of the con-
fessors who is not ordained snatches to himself any such
dignity upon account of his confession, let the same person
be deprived and rejected

; for he is not in such an office,

since he has denied the constitution of Christ, and is worse
than an infidel.”

Who, then, is the author of the Constitutions, and what
can be inferred with regard to him^ (i.) By separating
off the sources which he used from his own additions
to them, it at once becomes clear that the latter are the

work of one man : the style is unmistakable, and the

method of working is the same throughout. The compiler

of books i.-vi. is also the compiler of books vii.,

viii. (ii.) As to his theological position, different

Views have been held. Funk suggests Apollinari- ^nd date.

anism, which is the refuge of the destitute
;
and

Achelis inclines in the same direction. But the affinities of

the author are quite otherwise, the most pronounced of them
being a strong subordinationist tendency, denial of a human
soul to Christ, and the like, which suggest not indeed Arian-

ism but an inclination towards Arianism. Above all, his

polemic is directed against the dying heresies of the 3rd

century ;
and he writes with an absence of constraint which

is not the language of one who lives amidst violent contro-

versies or who is conscious of being in a minority. All this

points to the position of a “ conservative ” or semi-Arian of

the East, one who belongs, perhaps, to the circle of Lucian of

Antioch and writes before the time of Julian. It is hard to

think of any other time or circumstances in which a man
could write like this, (iii.) The indications of time have been
held to point to a different conclusion. On the one hand,

the fact that the attempt to rebuild the temple by Julian
in 363 is not mentioned in vi. 24 points to an earlier date

;

and the fact the KOTrioLTai are not mentioned amongst the

church officers points in the same direction, for elsewhere
they are first mentioned in a rescript of Constantins in

A.D. 357. On the other hand, in the cycle of feasts occur
the names of several which are probably of later date

—

e.g.^ Christmas and St Stephen, which were introduced
at Antioch c. a.i>. 378 and 379. respectively. Again,
Epiphanius (c, A.r>. 374) appears to be unacquainted with
it; he still quotes from the Didascalia, and elaborately

explains it away where it is contrary to the usages of his

own day. But as regards the former point, it is possible

that the Apostolical Constitutions actually gave rise to these

festivals; or, on the other hand, that the two passages were
subsequently introduced either by the writer himself or by
some other hand, when the last book of the Constitutions
was being used as a law-book. And as regards the latter,

the fact that Epiphanius does not use the Constitutions is

no proof that they had not yet been compiled, (iv.) As to

the region of composition there is no real doubt. It was
clearly the East, Syria or Palestine. Many indications

are against the latter, and Syria is strongly suggested by
the use of the Syro-Macedonian calendar. Moreover, the
writer represents the Roman Clement as the channel of

communication between the apostles and the Church. This
fact both supplies him with the name by which he is

commonly known, Pseudo-Clement, and also furnishes cor-

roboration of his Syrian birth; since the other spurious

writings bearing the name of Clement, the Homilies and
Recognitions, are likewise of Syrian origin. Moreover, the

spurious Ignatian epistles, which are also Syrian, depend
throughout upon the Constitutions, (v.) But this is not
all. It was long ago noticed that Pseudo-Clement bears

a very close resemblance to Pseudo -Ignatius. Usher, as

we have seen, identified them, and modern criticism accepts

this identification as a fact (Lagarde, Harnack, Funk, Bright-

man). Lightfoot, indeed, still hesitated {Ap. Fathers ii.

i. 266 n.) on the ground that Pseudo-Ignatius occasionally

misunderstands the Constitutions, that the two writings give
the Roman succession differently, and that Pseudo-Clement
shows no knowledge of the Christological controversies of

Hicaea, But as regards the first of these, it is rather a
case of condensed citation than of misinterpretation

;
the

second is explained by the writer’s carelessness as shown
in other passages, and all are solved if a considerable

interval of time elapsed between the compilation of the
Constitutions and the spurious Ignatian epistles.

It is clear then that the compiler was a Syrian, and that
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he also wrote the spurious Ignatian epistles

;
he was like-

wise probably a semi-Arian of the school of Lucian of
Antioch. His date is given by Harnack as a.d. 340-360,
with a leaning to 340-343; by Lightfoot as the latter

half of the 4th century; by Brightman, 370-380; and
by Funk as the beginning of the 5th century. The present
writer holds to the first-named of these

—

i,e.^ 340-360.

Auihorities.—Uelten, ConsHtutio^ies Apostoli/^ac. Suerini,
1853.

—

Lagaede, I)id(tscaZia Ajpostolo7um Syriace. Lips. 1854.

—

Bunsen. Christianity and Mankind^ vi. {—Analecta ante-nica&iui
ii.) Lond. 1854. An unsatisfactory attempt to reeonstiuct the
original Greek text of the Didascalia by means of the Syriac text
and the Apostolical Constitutions.

—

Lagarde. Constitutiones Apo-
stolorum. Lips, et Lond. 1862.

—

J. B. Pitra. Juris Ecclesiastici

Graecoixim Historia et MoTmmenta, i. Romae, 1864.

—

Hauler.
DvicLscaliae Apostolorum Fragmenta Ueroiiensia Latina. Lipsiae,

1900.—See also Biokell. Geschichte des Kirchenrechts, i. Giessen,
1843.—F. X. Funk. Die apostolischen Komtitutionen. Rottenb.
1891.

—

Harnack. Geschichte d. altchristl. Litteratur, i. 515 if.

Leipz. 1893.

—

Brightman. Liturgies Eastern and Western^ I.

xvii. ff. Oxford, 1896.

—

Achelis in Hauck, Eeal-EnTcijklopddie,

i. 734 f., Art. Apostolische Konstitutionen und Kanones.*’

Leipz. 1896 (W". B. Co)

Appalachian Mountains. See America,
North.

Appendicitis.—^In medical nomenclature the ter-

mination “itis” is used to signify inflammation, and is

arbitrarily tacked on to the end of any word, whether of

Greek or Latin origin. On this principle “ appendicitis
’’

has been coined to designate inflammation connected with
that part of the intestine which is known as the “appendix.”

There is no reason to suppose that the affection is more
common than it used to be

;
but it is now better understood

and more frequently recognized, and the development

of modern abdominal surgery has brought it into pro-

minence. It was formerly included under the term “ peri-

typhlitis”—that is, inflammation connected with the

“caecum,” a portion of the large intestine,—and some
authorities still prefer that term as more scientifically

accurate
;
but it is now generally recognized that in the

vast majority of cases the inflammation begins in the

appendix, not in the intestine proper. From the appendix

it extends to the surrounding peritoneum and sets up
a localized peritonitis, which in the worst cases may become
general.

The appendix is a narrow tube, normally about the size

of a goose quill, and from 1 inch to 5 or 6 inches in

length. The average length is 3 inches. It terminates

in a blunt point, and from

its worm-like shape is called

the appendix vermiformis. It

is an appendage of the large

intestine, into which it opens.

It is not known to perform

any functions, and is re-

garded as the degenerate

relic, surviving in man and
other mammals, of an earlier

form of intestine. Owing
to its shape, character, and
situation the appendix is

frequently the seat of morbid
changes. They have been
observed in one-third of a

Large iKTESTiNB SHOWINGVermiform nurnber of bodies examined
AFPENEix(.a.)ANHC^cnM(c).

Inflammatiou

is set up in various ways. Foreign bodies passing down
the intestinal canal may find their way into the appendix

and lodge there. This was formerly believed to be the

chief cause of mischief; hence the warning, familiar to

every child, against the danger of swallowing cherry stones

and other small, hard objects. Extended knowledge, how-
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ever, has shown that such foreign bodies are only present
in a small minority of cases. More frequently the tube is

found blocked by hardened faeces or undigested particles

of food, such as nuts, cheese, fibrous vegetable matter,

and other imperfectly masticated substances. Sometimes
calcareous concretions are formed round a nucleus furnished

by some small body. Inflammation may occur, however,
without any of these things. The tube may be twisted or

otherwise strangulated, leading to gangrene
;
or the orifice

may be closed in a similar manner, so that the tube

becomes greatly distended with mucus, which can find no
outlet

; or ulceration of tuberculous origin may occur. In
all cases inflammation started in the appendix is liable

to spread to the surrounding membranes, and herein lies

the gravity of the affection.

For clinical purposes several varieties of appendicitis

may conveniently be distinguished according to the degree

and course of the inflammation
: (1) simple inflammation,

commonly called “ catarrhal ”
; (2; ulcerative

; (3) perfor-

ative
; (4) relapsing

; (5) chronic.

The symptoms vary accordingly within wide limits,

ranging from slight pain and sickness, which pass off in

a day or two, to an exceedingly violent illness, which may
cause death in a few hours. (1) Simple inflammation.

In a weU-defined case the onset is sudden. Pain is felt

in the belly, low down on the right side (the right iliac

fossa), or across the front; it is often described as
“ radiating.” There is some fever, the temperature rising

to 101“ or 102“ F., with constipation, nausea, and very

likely vomiting. The abdomen is tender to pressure, and
the tenderness may be referred to a particular spot. Some
swelling may also be made out. The attack lasts for two,

three, or four days, and then subsides. There are, how-
ever, other cases less well defined, in which the mischief

pursues a latent course, producing little more than a

vague abdominal uneasiness, until it suddenly advances
into a more violent stage. (2) The illness assumes a

more acute form, and all the symptoms are more severe.

There may be an initial rigor; the temperature rises to

104“ or higher, with great prostration, severe pain, and
complete loss of appetite. An unpleasant taste in the

mouth is often observed; vomiting may persist and
become fsecal. Abdominal tenderness is more marked
and general, and swelling more obvious. The patient lies

with legs drawn up, so as to ease pressure on the abdomen
and lessen pain. The attack may subside or go on to the

suppuration and the formation of an abscess. (3) If the

abscess break into the general abdominal cavity, there is

sudden and violent pain with collapse. The condition is one

of extreme gravity. Death usually follows within forty-

eight hours, and recovery is very rare. (4) Some persons

are subject to recurrent attacks of appendicitis, and to this

variety of the disease the term “relapsing” is applied.

Such attacks do not differ in character from those pre-

viously described. They are no doubt due to some stand-

ing condition of the appendix coupled with imperfect

performance of the digestive functions, but they only

occur at intervals, and between the attacks the patient is

well. (5) The chronic form of appendicitis differs from

the relapsing in that the patient is never well, but always

suffers from more or less uneasiness, which is liable to

develop into an acute attack.

With regard to treatment it is obvious that, however

mild an attack may be, an affection liable to assume such

grave forms is not to be trifled with and demands early

medical assistance. In the milder cases the measures

indicated are rest in bed, hot fomentations or poultices to

the abdomen, and opiates to relieve pain and keep the

intestine quiet. Leeches over the abdomen give much
relief. Food should be hot, fluid, and given in small
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quantities. Ice and milk are not suitable. Solid food

should not be given untH fever has abated and distinct

improvement set in. Great care should be exercised in

the administration of aperients, and as this is a matter

which patients or their friends are apt to take into their

own hands it is necessary to give an emphatic warmng

against the practice so long as the symptoms described

are present. The safest course is to eschew aperients

altogether. In cases of moderate severity it may be

desirable to open the bowels, but this is best accomplished

by enemata.

In the majority of cases the foregoing measures will

suffice, but when the attack pursues an unfavourable

course the question of operative interference arises. There

is a considerable difference of opinion among surgeons on

the point. Some advocate early operation in all cases;

others, of a more conservative tendency, prefer to give the

inflammation an opportunity of subsiding without inter-

ference, and hold that in uncomplicated cases it only

becomes necessary when the symptoms persist after the

fifth day. Perhaps the soundest rule is to operate in all

doubtful cases. Removal of the appendix in persons

liable to recurrent attacks has been practised with great

success, and may be regarded as one of the triumphs of

modern surgery. The danger of relapse may, however,

be guarded against by less drastic means. Persons who
have had an attack should attend to their mastication and
be careful about diet. In particular, they should avoid

indigestible substances, and counteract any tendency to

constipation. Exercise and abdominal massage are re*

commended, but the advisability of the latter is open to

question.

The prognosis in appendicitis is generally favourable.

The “ case mortality ” is believed to be about 5 per cent.,

but in the graver forms it is very much higher. Men are

said to be more liable to attack than women. It has
been suggested that some constitutional states, such as a
rheumatic or gouty tendency, predispose to appendicitis,

but the theory is not supported by any substantial

evidence.

Affections with which appendicitis is liable to be con-

founded are acute intestinal obstruction, typhoid fever,

renal and gall-stone colic. The first of these resembles
it most closely, and diagnosis is sometimes very diffi-

cult. In typhoid fever the characteristic temperature,

the general condition of the patient, and the presence of

delirium are differentiating signs of importance ; in renal

and gall-stone colic the situation and more paroxysmal
character of the pain are usually distinctive. (See also

SxTEGERY.) (a. Sl.)

Appenzell, one of the Swiss cantons, since 1597
divided into the two half cantons of Ausser Rhoden and
Inner Rhoden, the joint total area of which is 161*8 sq.

miles. Of this Ausser Rhoden claims 100^ sq. miles, 97*8

sq. mUes being classed as ^'productive,” forests covering
18*1- sq. miles, and vineyards *01 sq, mile, while of the
2*7 “unproductive” sq. miles, eternal snows cover 0*3 sq.

mile. Inner Rhoden has an area of 61*3 sq. miles, of

which 56*7 sq. mRes are classed as "productive,” forests

covering 2*7 sq. miles, while of the “unproductive*” 4*6

sq. miles *38 is occupied by eternal snows. The popula-
tion of Ausser Rhoden was in 1880, 51,953 ;

in 1888,
54,109 ;

and in 1900, 55,284, or 551 per sq. mile
; of Inner

Rhoden the population was in 1880, 12,874; in 1888,
12,874 ; and in 1900, 13,486, or 220 per sq. mile. The
rate of density in the former is only exceeded in Switzer-

land by Geneva, and Basel Stadt (Bffie Ville). In 1900
there were in Ausser Rhoden but 580 Italian-speaking (in

Inner Rhoden, 78) and 86 (in Inner Rhoden only 4)

French-speaking inhabitants, the rest being German-
speaking. The religious statistics are as follows (1900),

Ausser Rhoden—Protestants, 49,741 ;
Romanists, 5501

;

Jews, 31; Inner Rhoden—Protestants, 830; Romanists,

12,653.

The loftiest point in the canton is the Santis, 8216
feet, now crowned by an observatory and an inn. The
political capital of Ausser Rhoden is Herisau, while
that of Inner Rhoden is Appenzell. Both halves of the

canton still preserve their primitive democratic assemblies.

In 1897, the state revenue of Ausser Rhoden was 640,162
francs (an increase of 100 per cent, since 1885), and the
state expenditure 613,337 francs (an increase of 61 per
cent, since 1885), while in 1898 the surplus was 18,490
francs ;

the state debt in 1897 was nil. In 1897, Inner
Rhoden had a state revenue of 181,932 francs (an increase

of nearly 72 per cent, since 1885), and a state expenditure
of 165,409 francs (an increase of 64 per cent, since 1885),
but in 1898 there was a deficit of 24,544 francs

;
in 1897

there was no public debt. In 1899, the mountain pastures

or “alps” of Inner Rhoden were 168 in number, and
capable of supporting 4008 cows, while the capital value

was put at 2,682,955 francs; accurate statistics have not

yet been published as regards Ausser Rhoden.

Appenzell^ the chief tow-n of the above canton,

situated in Inner Rhoden. The two convents are both
Capuchin, that of the men dating from 1588, and that of

the women being a few years later in date. The “ Teufel ”

flag was captured from the Tyrolese in 1406 at Imst,

near Landeck. In 1888, the population of Appenzell

(which is rather a large village than a town) was 4472,
and in 1899 was put at 4369.

HBFEnKNCES. — Ap2:)e7izellische Jah^'luchcr. 3 series from
1854. Trogen.

—

Ebel. Schilderung d, Gehirgsvbller d. Schweiz,

Leipzig, vol. i. (1798) describes App.

—

Kobelt. Die Alpwirth-
sekaftim Kaiit App,, Inner Rhoden. Soleure, 1899 .—Richm\n.
Appenzell, London, 1 S95.

—

Zellweger. Geschichte d, App, Volkts
(to 1597). 6 vols. in 11 parts. Trogen, 1830-38. l)er Kami,
App, Trogen, 1867. (w’. A. B. C.)

Apploby, a municipal borough (1885), market-town
and county town of Westmoreland, England, on the Eden,
13 miles S.E. of Penrith, in the Appleby parliamentary
division of the county. Station on the Midland Railway.
The bridge over the Eden has been rebuilt. Tw’o Wesleyan
chapels and new grammar school buildings are modern
erections. Area, 1855 acres; population (1881), 1855;
(1891), 1776; (1901), 1764.

Appleton, a city of Wisconsin, U.S.A., the capital

of Outagamie county, situated in 44® 16' N. lat. and
88® 24' W. long., at an altitude of 718 feet, in the eastern

part of the state, at the Grand Chute ou Lower Fox river,

which supplies excellent water-power for lumber and paper
manufactures. The plan of the city is regular, and it is

divided into six wards. It is entered by the Chicago and
North-western and the Chicago, Milwaukee, and St Paul
railways. It is the seat of Lawrence University. The
city received its name from Samuel Appleton, who was
one of its founders, and a leading spirit in the organiza-

tion of Lawrence University. Population (1880), 8005

;

(1890), 11,869; (1900), 15,085.

Appomattox, a village of Appomattox county,

Virginia, U.S.A., formerly the capital. It is situated

in southern Virginia, on the Norfolk and Western railway.

It is noted as the scene of the surrender of the army of

northern Virginia under General Lee to the Federal forces

under Grant on 9th April 1865,

Apportionment.—The term “apportionment”
is used in law in a variety of senses :—(i.) Sometimes it

is employed, roughly and with no technical meaning, to
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indicate tlie distribution of a benefit salvage), or

the incidence of a duty obligations as to the main-
tenance of highways); (ii.) In its strict legal interpreta-

tion it falls into two classes, “ apportionment in respect of

estate” and ‘‘apportionment in respect of time.” Where
a lessee is evicted from, or surrenders, or forfeits posses-

sion of part of the property leased to him, he becomes
liable at common law to pay only a rent apportioned to

the value of the interest which he still retains. So where
the person entitled to the reversion of an estate assigns

part of it, the right to an apportioned part of the rent

incident to the whole reversion passes to his assignee. In
each of these cases there is said to be “apportionment in

respect of estate,” Apportionment of this description may
be brought about not only, as in the cases above noted,

by the act of the parties, but also by operation of law, or

by the “ act of God ” (as, for instance, where part of an
estate is submerged by the encroachments of the sea)

;

and to the same category belongs the apportionment which
takes place under various statutes the Lands Clauses

Act, 1845), when land is required for public purposes.

Under the Apportionment Act, 1870, rents, annuities,

dividends, and other payments at fixed periods, are to be
considered as accruing from day to day, and to be appor-

tionable accordingly. This is “apportionment in respect

of time.” The cases to which it applies are mainly cases

of either (a) apportionment of rent due under leases where
at a time between the dates fixed for payment the lessor

or lessee dies, or some other alteration in the position of

parties occurs
;
or (b) apportionment of income between the

representatives of a limited owner and the remainder-man

when the limited interest determines at a time between
the date when such income became due. (a. w. k.)

Apulia^ Italian Puglia, a territorial division of

Italy, stretching from Monte Gargano to the extremity

of the “heel,” and embracing the provinces of Bari, Foggia,

and Lecce, with an area of 7376 sq. miles and a popia-
tion of 1,589,064 (1881), and 1,929,723 (1899). It is a

treeless plain, growing corn and feeding sheep, the prin-

cipal wealth of the inhabitants. The products next in

importance are oats, barley, olives, wine, lemons, oranges,

tobacco, and figs. Salt, limestone, and other building

stone are extracted. Wool is a source of wealth. Dis-

tilleries (66 in 1899, producing 146,775 gallons of pure

spirit), olive- oil mills, the manufacture of casks and
porcelain, iron-works and foundries are the most important

of the industries. The principal ports are Brindisi,

Gallipoli, Taranto, Bari, Barletta, Molfetta, Manfredonia,

Trani, Bisceglie, Mola di Bari, and Monopoli. Apart from

these, the more important towns are Lecce, Foggia,

Bitonto, San Severo, Cerignola, Andria, and Terlizzi.

Apur0« See Orinoco.

Apuriliri0.Cf an interior department of southern

Peru, with an area of 8187 square miles and a population

officially estimated at 177,387 in 1896, It embraces five

provinces, Andahuaylas, Abancay, Cotabambas, Aymaraes,

and Antabamba. The principal towns are Andahuaylas

and Abancay.

Aqua.ria. for a marine flora and fauna, which in

1875 (the date of the article on this subject in the ninth

edition of this Encyclopaedia) were little more than

domestic toys, or show-places of a popular character,

have of late years not only assumed a profound scientific

importance for the convenient study of anatomical and

physiological problems in marine botany and zoology, but

have also attained an economic value, as offering the best

opportunities for that study of the habits and environment
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of marketable food-fish without which no steps for the

improvement of sea-fisheries can be safely taken. The
numerous “zoological stations” which have sprung up,

chiefly in Europe and the United States, but also in the

British colonies and Japan, often endeavour to unite these

two aims, and have in many cases become centres of ex-

perimental work in problems relating to fisheries, as well as

in less directly practical subjects. Of these stations, the

oldest and the most important is that at Naples, which,

though designed for purely scientific objects, also en-

courages popular study by means of a public aquarium.

The following account of this station from the pen of Dr
Giesbrecht, a member of the staff, will serve to show the

methods and aims, and the complex and expensive equip-

ment of a modern aquarium :

—

The zoological station at Naples is an institution for theAdvance-
mentofbiological science—that is, of comparative anatomy, zoology,
botany, physiology. It serves this end by providing the biologist

with the various objects of his study and the necessary appliances
;

it is not a teaching institution. The station was founded by Dr
Anton Dohrn, and opened in the spring of 1874 ;

it is the oldest

and largest of all biological stations, of which there are now about
thirty in existence. Its two buildings are situated near the sea-

shore in the western town park (Villa Nazionale) of Naples. The
older and larger one, 33 metres long, 24 m. deep, 16 m. high,

contains on the ground floor the aquarium, which is open to the
public. On the first floor there is, facing south, the principal

library, ornamented with fresco paintings, and, facing north, a

large hall containing twelve working tables, several smaller

rooms, and the secretarial ofiices. On the second floor is

the physiological laboratory, and on the third floor the small
library, a hall with several working tables, and the dark rooms
used in developing photographs. The ground floor of the smaller
building, which was finished in 1887, contains the rooms in which
the animals are delivered, sorted, and preserved, and the fishing

tackle kept, together with the workshop of the engineer ;
on the

first and second floors are work-rooms, amongst others the botanical

laboratory ; on the third floor are store-rooms. In the basement
of both buildings, which is continued underneath the court, there

are sea-watei; cisterns and filters, engines, and store-rooms. The
materials for study which the station oflers to the biologist are

specimens of marine animals and plants which abound in the
western part of the Mediterranean, and especially in the Gulf of

Naples. To obtain these, two screw-steamers and several rowing
boats are required, which are moored in the harbour of Mergellina,

situated close by. The larger steamer, Johannes Muller (15 m,
long, 2i m. wide, 1 m. draught), which can steam eight to ten

English miles per hour, is provided with a steam dredge working
to a depth of eighty fathoms. From the small steamer, Frank
Balfour^ and the rowing boats, the fishing is done by means of

tow-nets. Besides these there are fishermen and others who
daily supply living material for study. The plankton (small

floating animals) is distributed in the morning, other animals

as required. The animals brought in by the fishermen are at

once distributed amongst the biologists, whereas the material

brought up by the dredges is placed in flat revolving wooden
vessels, so as to give the smaller animals time to come out of

their hiding-places. The students who work in the station

have the first claim on specimens of plants and animals

;

but specimens are also supplied to museums, laboratories, and
schools, and to individuals engaged in original research else-

where. Up to the present time about 4000 such parcels have
been despatched, and not infrequently live specimens of animals

are sent to distant places. This side of the work has been of very

great value to science. The principal appliances for study with

which the station provides the biologist are work-rooms furnished

with the apparatus and chemicals necessary for anatomical research

and physiological experiments and tanks. Every student receives

a tank for his own special use. The large tanks of the principal

aquarium are also at kis disposal for purposes of observation and

experiment if necessary.

The water in the tanks is kept fresh by continual circulation,

and is thus charged with the oxygeu necessary to the life of the

organisms. It is not pumped into the tanks directly from the

sea, but from three large cisterns (containing 300 cubic metres),

to which it again returns from the tanks. The water wasted or

evaporated during this process is replaced by new water ptxmped

into the cisterns directly from the sea. The water flows from

the large cisterns into a smaller cistern, from which it is dis-

tributed by means of an electric pump through vulcanite or

lead pipes to the various tanks. The water with which the

tanks on the upper floors are filled is first pumped into large

wooden tanks placed beneath the roof, thence it flows, under

S. I — 64
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almost constant pressure, into the tanks. The water circulated

in this manner contains by far the largest number of such

animals as are capable of living in captivity in good condition.

Some of them even increase at an undesirable rate, and it some-

times happens that young Mytilus or Ciona stop up the pipes
;

in laying these, therefore, due regard must be had to
^

the

arrangements for cleaning. For the cultivation of very delicate

animals it is necessary to keep the water absolutely tree from

harmful bacteria ;
for this purpose large sand-filters have lately

been placed in the system, through which the water passes after

leaving the cisterns. Each of the smaller cisterns, which are fixed

in the work-rooms, consists of two water-tanks, placed one above

the other
;
their frames are of wrought iron and the walls generally

of glass. Vessels containing minute animals can be placed between

these two tanks, receiving their water through a siphon from the

upper tank
;
the water afterwards flows away into the lower tank.

The twenty-six tanks of the public aquarium (the largest of

which contains 112 cubic metres of water) have stone walls, the

front portion alone being made of glass. As the tanks Imld a

very large number of animals in proportion to the quantity of

water, they require to be well aerated. The pipes through which

the water is conducted are therefore placed above the surface of

the water, and the fresh supply is driven through them under

strong pressure. A large quantity of air in the form of fine

bubbles is thus taken to the bottom of the tank and distributed

through the entire mass of water. Should the organisms which

it is desired to keep alive be very minute, there is a danger of their

being washed away by the circulating water. To obviate this,

either the water which flows away is passed through a strainer, or

the water is not changed at all, air being driven through it by
means of an apparatus put into motion by the drinking-water

supply.

The library contains about 9000 volumes, which students use

with the help of a slip catalogue, arranged according to authors.

The station has published at intervals since 1879 two periodicals

treating of the organisms of the Mediterranean. One is Fauna
utid Flora des Golfes von Ffeajpel^ the other Mittheilungen aus der

Zoologischm Station NeapeL The former consists of mono-
graphs in which special groups of animals and plants are most
exhaustively treated and the Mediterranean species portrayed

according to life in natural colours
;

up to the present time
twenty -one zoological and five botanical monographs have ap-

peared, making altogether 1200 4to sheets with about 4.00 plates.

Of the Mittheilimgmi which contain smaller articles o,n organisms
of the Mediterranean, fourteen volumes in 8vo have been pub-
lished, The station also publishes a Zoologisoher Jahresbericht^

which at first treated of the entire field of zoology, but since 1886
has been confined principally to Comparative Anatomy and
Ontogeny

;
it a^ears eight to nine months after the end of the

year reported. The Guide to the Aquarium^ with its descriptions

and numerous pictures, is meant to give the lay visitor an idea of
the marine animal world.

There are about forty officials, amongst them six zoologists,

one physiologist, one secretary, two draughtsmen, one engineer.

The station is a private institution, open to biologists of all

nations under the following conditions : there are agreements
with the G-overnments of Austria, Baden, Bavaria, Belgium,
Hamburg, Holland, Hesse, Italy, Prussia, Russia, Saxony,
Switzerland, Hungary, Wurtemburg, the province of Haples, and
the Universities of Cambridge, Oxford, Strassburg, Columbia
College (HewYork), and the British Association for the Advance-
ment of Science, the Smithsonian Institute, and a society of
women in the United States of North America (formerly also with
Bulgaria, Rumania, Spain, the Academy of Sciences in Berlin,
Williams College, University of Pennsylvania), by virtue of wMch
the Governments and corporate bodies named have the right, on
payment of £100 per annum, to send a worker to the station

;

this places at his disposal a “table” or workplace, furnished
with all the necessary appliances and materials as set down in the
agreement. At present there are agreements for thirty-three
tables,

_
and since the foundation of the station nearly 1200

biologists have worked there. The current expenses are paid out
of the table-rents, the entrance fees to the public aquarium, and
an annual subvention paid by the German Empire.

In England a station on similar lines, but on a smaller
scale, is maintained at Hymouth by the Marine Biological

Association of the United Kingdom, with the help of

subsidies from the Government and the Fishmongers’
Company.

Little difficulty is experienced in maintaining, breeding,
and rearing fresh-water animals in captivity, but for

many various reasons it is only by unremitting attention

and foresight that most marine animals can be kept even
alive in aquaria, and very few indeed can be maintained

in a condition healthy enough to breed. Much experi-

ence, however, has been gained of late years at considerable

expense, both at home and abroad. In starting a marine

aquarium of whatever size, it should be obvious that the

first consideration must be a supply of the purest possible

water, as free as may be, not only from land-drainage and
sewage, but also from such suspended matters as chalk,

fine sand, or mud. This is most ideally and economically

secured by placing the station a few feet above high-

water mark, in as sheltered a position as possible, on a
rocky coast, pumping from the sea to a large reservoir

above the station, and allowing the water to circulate

gently thence through the tanks by gravity (Banyiils).

At an inland aquarium (Berlin, Hamburg), given pure

water in the first instance, excellent if less com-

plete results may nevertheless be obtained. The next

consideration is the method by which oxygen is to be

supplied to the organisms in the aquarium. Of the two
methods hitherto in use, that of pumping a jet of air

into tanks otherwise stagnant or nearly so (Brighton),

while supplying sufficient oxygen, has so many other dis-

advantages, that it has not been employed regularly in

any of the more modern aquaria. It is, however, still

useful in aerating quite small bodies of water in wdxicli

hardy and minute organisms can be isolated and kept

under control. In the other method, now in general use,

a fine jet of water under p)ressure falls on to the surface

of the tank; this carries down with it a more than

sufficient air-supply, analysis showing in some cases a

higher percentage of oxygen in aquarium water than in

the open sea.

This water supply is best effected by gravity from

reservoirs placed above the tanks, but may be also

achieved by direct pumping from low reservoirs or from the

sea to the tanks. Provided that an unlimited supply of

pure water can be obtained cheaply, the overflow from the

tanks is best run to waste
;
but in aquaria less fortunately

])laced, it returns to a storage low-level reservoir, from

which it is again pumped, thus circulating round and round

(Naples, Plymouth). The storage reservoirs should be in

all cases very large in comparison with the bulk of water

in circulation
;

if practicable, they should be excavated in

rock, and lined with the best cement. There is no reason

why they should not be shallow, exposed to light and air,

and cultivated as rock-pools by the introduction of sea-

weeds and small animals, but they must then be screened

from rain, cold, and dust. The pumps used in circulation

will be less likely to kill minute animals if of the plunger

or ram type, rather than rotary, and should be of gun-

metal or one of the new bronze-alloys which take a patina

in salt water. For the circulating pipes many materials

have been tried. Vulcanite is not only expensive and

brittle, but has other disadvantages ;
common iron pipes,

coated internally with cement or asphalt, or glazed in-

ternally, with all unions and joints cemented, have been

used with more or less success. Probably best of all is

common lead piping, the joints being served with red-

lead
;
water should be circulated through such pipes till

they become coated with insoluble carbonate, for some

time before animals are put into the tanks. For small

installations glass may be used, the joints being made with

marine glue or other suitable cement.

In building the tanks themselves, regard must be had

I

to their special purposes. If intended for show-tanks for

popular admiration, or for the study of large animals, they

I

must be large with a plate-glass front
;
for ordinary scien-

I

tific work small tanks with all sides opaque are preferable

I

from every point of view. According to their character,

I

size, and position, fixed tanks may be of brickwork,
I masonry, or rock, coated in each case with cement

;



AQUEDUCT 507
asphalting the sides offers no particular advantages, and
often gives rise to great trouble and expense. All mate-
rials, and especially the cements, must be of the finest

quality procurable. For smaller and movable tanks,
slate slabs bolted or screwed together have some dis-

advantages, notably those of expense, weight, and brittle-

ness, but are often used. Better, cheaper, and lighter, if

less permanent, are tanks of wood bolted together, pitched
internally. Glass bell-jars, useful in particular cases,

should generally have their sides darkened, except when
required for observation. Provision should always be
made for cleaning every part of the tanks, pipes, and
reservoirs; all rock-work in tanks should therefore be
removable. As regards the lighting of fixed tanks, it

should always be directly from above. In all tanks with
j

glass sides, whether large or small, as much light as
|

possible should be kept from entering through the glass

;

otherwise, with a side-light, many animals become restless,

and wear themselves out against the glass, affected by
even so little light as comes through an opposite tank.

In cases where distance from the sea or other causes

make it impracticable to allow the overflow from the tanks

to run to waste, special precautions must be taken to keep
the water pure. Chemically speaking, the chief character

of the water in an aquarium circulation, when compared
with that of the open sea, lies in the excessive quantity of

nitrogen present in various forms, and the reduced alka-

linity
;
these two being probably connected. The excess

of nitrogen is referable to dead animals, to waste food,

and to the excreta of the living organisms. The first two
of these sources of contamination may be reduced by care

and cleanliness, and by the maintenance of a flow of water

sufficient to prevent the excessive accumulation of sediment

in the tanks. The following experiment shows the rapid

rise of nitrogen if unchecked. A tank with a considerable

fauna was isolated from the general circulation and aerated

by four air -jets, except during hours 124-166 of the

experiment
;

column I. shows per 100,000 the nitrogen

estimated as ammonia, column II. the total inorganic

nitrogen :

—

I. II.

Sea water at source of original

supply
Aquarium water in tank at com-

0-001

0-012

fter 22h hours
i.

. 0-020

„ 75
J J

. 0-025

„ 93
J J

• . 0-019

„ 121^ . 0-012

„ 141 7? * . 0-015

„ 165
5 5

. 0-025

„ 169 . 0-025

„ 189
7 7

. 0-012

0-003

0-400

1*200

2 20*0

During this time the alkalinity was reduced to the

equivalent of 30 mg, CaCOg per litre, ocean water having

an alkalinity equivalent to 50-55 mg. per litre. It has

been suggested that the organic nitrogen becomes oxidized

into nitrous, then into nitric acid, which lowers the

carbonate values. A great deal of reduction of this

nitrogenous contamination can be effected by filtration, a

method first introduced successfully at Hamburg, where a

most thriving aquarium has been maintained by the local

Zoological Society for many years on the circulation prin-

ciple, new water being added only to compensate for waste

and evaporation. The filters consist of open double boxes,

the inner having a bottom of perforated slate on which

rests rough gravel; on the latter is fine gravel, then

coarse, and ffiially fine sand. Filtration may be either

upwards or downwards through the inner box to the outer.

Such filters, intercalated between tanks and reservoir, have

been shown by analysis to stop a very large proportion of

nitrogenous matter. It is doubtful whether aquarium

water will not alwnys show an excess of nitrogenous
compounds, but they must be kept down in every way pos-

sible. In small tanks, well lighted, sea-weeds can be got
to flourish in a way that has not been found practicable

in large tanks with a circulation
;

these, with Lamelli-

branchs and small Crustacea as scavengers, w-ill be found
useful in this connexion. Slight or occasional circulation

should be employed here also, to remove the film of dust

and other matters, which otherwise covers the surface of

the water and prevents due oxygenation.

In such small tanks for domestic use the fauna must
be practically limited to bottom-living animals, but for

purposes of research it is often desired to keej) alive

larval and other surface-swimming animals (plankton).

In this case a further difficulty is presented, that of help-

ing to suspend the animals in the water, and thus to

avoid the exhaustion and death which soon follow their

unaided efforts to keep off the bottom
;

this duty is

effected in nature by specific gravity, tide, and surface

current. In order to deal with this difficulty a simple but
efficient apparatus has been devised by Mr E. T. Browne

;

a plunger,” generally a glass plate or filter funnel, moves
slowly up and down in a bell-jar or other small tank, with
a period of rest between each stroke

;
the motive power is

obtained through a simple bucket-and-siphon arrangement
worked by the overflow from other tanks. This ai>pa-

ratus (first used at the Plymouth Laboratory of the

Marine Biological Association in 1897, and since intro-

duced into similar institutions), by causing slight eddies

in the water, keeps the floating fauna in suspension,

and has proved very successful in rearing larvae and in

similar work. (o. h. Fo)

AquedUCtu—The term aqueduct, although pro-

perly including artificial works of every kind by means of

which water is conveyed from one place to another, is

generally used in a more limited sense. It is, in fact,

I rarely employed except in cases w’here the work is of con-

I

siderable magnitude and importance, and where the water

flows naturally by gravitation.

The most important purpose for which aqueducts are

constructed is that of conveying pure water, from sources

more or less distant, to large masses of popula-

tion. Where towns are favourably situated the

aqueduct may be very short and its cost bear s^pj^y,
a relatively small proportion to the total outlay

upon a scheme of water supply, but where distant sources

have to be relied upon the cost of the aqueduct becomes

one of the most important features in the scheme, and the

quantity of water obtainable must be considerable to

justify the outlay. Hence it is that only very large towns

can undertake the responsibility for this expenditure,

though, either voluntarily on the part of the promoters,

or by the action of Parliament, smaller sanitary districts

near the aqueduct are allowed to become customers for the

water. In Great Britain it has, in fact, in all large schemes

become a condition that, when a town is permitted to go

outside its own watershed, it shall, subject to a priority of a

certain number of gallons per dayper head of its own inhabi-

tants, allow local authorities, any part of whose district is

within a certain number of miles of the aqueduct, to take a

supply on reasonable terms. The first case in which this

principle was adopted on a large scale was the Thirlmere

scheme, sanctioned by Parliament in 1879, for augment-

ing the supply of Manchester. The previous supply was

derived from a source only about 15 miles distant, and the

cost of the aqueduct, chiefly cast-iron pipes, was insignificant

compared with the cost of the impounding reservoirs.

But Thirlmere is 96 miles distant from the service reservoir

near Manchester, and the cost of the aqueduct was more



508 A Q U E
-than 90 per cent, of the total cost. As a supply of about

50,000,000 gallons a day is available the outlay was

justifiable, and the water is in fact very cheaply obtained.

Liverpool derives a supply of about 40,000,000 gallons a

day from the nver Vyrnwy in North Wales, 68 miles

distant, and Birmingham is constructing works for im-

pounding water in Radnorshire, and conveying it a distance

of 74 miles, the supply being about 75,000,000 gallons a

day. In the year 1899 an Act of Parliament was passed

authorizing the towns of Derby, Leicester, Sheffield, and
Nottingham, jointly to obtain a supply of water from the

head waters of the river Derwent in Derbyshire. Leicester

is 60 miles distant from this source, and its share of

the supply is about 10,000,000 gallons a day. For more
than half the distance, however, the aqueduct is common
to Derby and Nottingham, which together are entitled to

about 16,000,000 gallons a day, and the expense to

Leicester is correspondingly reduced. These are the most
important cases of long aqueducts in England, and all are

subsequent to 1879. It is obvious, therefore, how greatly

the design and construction of the aqueduct have grown in

importance, and what care must be exercised in order that

the supply upon which such large populations depend may
not be interrupted, and that the country through which

such large volumes of water are conveyed may not be

flooded in consequence of the failure of any of the works.

Practically offiy two types of aqueduct are used in

England. The one is built of concrete, brickwork, <kc.,

the other of cast-iron (or, in special circumstances,

steel) pipes. In the former type the water sur-

face coincides with the hydrandic gradient, and
the conditions are those of an artificial river

;
the aqueduct

must therefore be carefully graded throughout, so that the

fall available between source and termination may be
economically distributed. This condition requires that

the ground in which the work is built shall be at the

proper elevation
;

if at any point this is not the case, the
aqueduct must be carried on a substructure built up to

the required level. Such large structures are, however,

e^ctremely expensive, and require elaborate devices for

maintaining watertightness against the expansion and con-

traction of the masonry due to changes of temperature.
They are now only used where their length is very short,

as in cases where mountain streams have to be crossed,

and even these short lengths are avoided by some
engineers, who arrange that the aqueduct shall pass,

wherever practicable, under the streams. Where wide
valleys interrupt the course of the built aqueduct, or
where the absence of high ground prevents the adoption of
that type at any part of the route, the cast-iron pipes
hereafter referred to are used.

The built aqueduct may be either in tunnel, or cut-and-
cover, the latter term denoting the process of cutting the

trench, building the floor, side-waUs, and roof,

covering with earth, the surface of the
‘ground being restored as before. For works

conveying water for domestic supply, the aqueduct is in
these days, in England, always covered. Where, as is

usually the case, the water is derived from a tract of
mountainous country, the tunnel work is sometimes very
heavy. In the case of the Thirlmere aqueduct, out of the
first 13 miles the length of the tunnelled portions is 8
miles, the longest tunnel being 3 miles in length. Con-
dirions of time, and the character of the rock, usually re-

quire the use of machinery for driving, at any rate in the
case of the longer tunnels. For the comparatively sTn^ ll

tunnels required for aqueducts, two percussion drilling

machines are usually mounted on a carriage, the motive
power being derived from compressed air sent up the
tunnel in pipes. The holes when driven are charged with
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exx>losives and fired. In the Thirlmere tunnels, diivcn

through very hard Lower Silurian stiata, the progress was
about 13 yards a week at each face, work being earned on
continuously day and night for six days a week. Wlici c

the character of the countiy through which the aqueduct

passes IS much the same as that fiom which the fcupx>ly is

derived, the tunnels need not be lined with concrete,

more than is absolutely necessary for retaining the watei

and supporting weak jjlaces in the lock
;
the floor, how-

ever, is neaily always so treated. The lining, whether in

tunnel or cut-and -cover, may be cither of conciete, or

brickwrork, or of concrete faced with biickwoik. To
ensure the impermeability of woik constructed with these

mateiials is in piactice somewhat difficult, and no matter
how much care is taken by those supei vising the work-
men, and even by the workmen themselves, it is iinxiossihle

to guarantee entire freedom from trouble in this respect.

With a wall only about 15 inches thick, any neglect is

certain to make the woik permeable; frequently the
labourers do not distribute the broken stone and fine

material of the concrete uniformly, and no mattei how
excellent the design, the quality of materials, c\rc

,
a leak

is sure to occur at such places (unless, indeed, the pressure
of the outside water is superior and an inflow occurs).

A further cause of trouble lies in the water which flows
from the strata on to the concrete, and washes away some
of the cement upon which the work depends for its

watertightness, before it has time to set. For this reason
it is advisable to put in the floor before, and not aftei,

the side-walls and arch have been built, otherwise the only
outlet for the water in the strata is through the ground
on which the floor has to be laid. Each length of about
20 feet should be completely constructed before the next
is begun, the water then having an easy exit at the lead-
ing end. Manholes, by which the aqueduct can be entered,
are usually placed in the roof at convenient intervals

;
thus,

in the case of the Thirlmere aqueduct, they occur at every
quarter of a mile.

In some parts of Ameiica aqueducts are frequently
constructed of wood, being then termed flumes. These
are probably more extensively used in California
than in any other pait of the world, for

conveying large quantities of water which is

required for hydraulic mining, for irrigation, for the supply
of towns, and for transporting timber. The flumes are fre

quentlycarried alongprecipitous mountain slopes, and across

valleys, supported on trestles. In Fresno county, California,

there is a flume 52 miles in length for transporting timber
from the Sierra Nevada Mountains to the plain below ; it

has a rectangular V-shaped section, 3 feet 7 inches wide
at the top, and 21 inches deep vertically. The boaids
which form the sides are \\ inches thick, and some of the
trestlework is 130 feet high. The steepest grade occurs
where there is a fall of 730 feet in a length of 3000 feet.

About 9,000,000 feet of timber were used in the con-

struction. At San Diego there is a flume 35 miles long
for irrigation and domestic supply, the capacity being 50
feet per second; it has 315 trestle bridges (the longest
of which is that across Los Coches Creek, 1794 feet in
length and 65 feet in height) and 8 tunnels, and the cost

was $900,000. The great bench flume of the Highline
canal, Colorado, is 2640 feet in length, 28 feet wide, and
7 feet deep; the gradient is 5 ’28 feet per mile, and the
discharge 1184 feet per second.

As previously stated, the type of aqueduct built of con-
crete, &c., can only he adopted where the ground is

sufficiently elevated to carry it, and where the quantity
of water to be conveyed makes it more economical than
piping. Where the falling contour is interrupted by valleys
too wide for a masonry structure above the surface of the



Wooden Aqueduct or Flume.



Wooden Aqueduct crossing a Valley on a Trestle.
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ground, the detached portions of the built aqueduct must
be connected by rows of pipes laid beneath, and follow-

ing the main undulations of, the surface. In

in Iron aqueduct terminates in a

piping. chamber of sufficient size to enclose the mouths
of the several pipes, which, thus charged, carry

the water under the valley up to a corresponding
chamber on the further hillside from which the built
aqueduct again carries on the supply. These connecting
pipes are sometimes called siphons, although they have
nothing whatever to do with the principle of a siphon,
the water simi;)ly flowing into the pipe at one end and out
at the other under the influence of gravity, and the
pressure of the atmosphere being no element in the case.

The pipes are almost always made of cast-iron, except in
such cases as the lower part of some siphons, where the
pressure is very great, or where they are for use abroad,
when considerations of weight are of importance, and when
they are made of rolled steel with riveted or welded seams.

It is frequently necessary to lay them in deep cuttings, in

which case cast-iron is much better adapted for sustaining

a heavy weight of earth than the thinner steel, though
the latter is more adapted to resist internal pressure. Mr
D. Clarke in the Trans. Am. Soc. C. E. voL xxxviii. p.

93, gives some particulars of a riveted steel pipe 24 miles

long, 33 to 42 inches^ diameter, varying in thickness from
0*22 inch to 0*375 inch. After a length of 9 miles had
been laid, and the trench refilled, it was found that the

crown of the pipe had been flattened by an amount vary-

ing from ^ inch to 4 inches. Steel pipes suffer more
from corrosion than those made of cast-iron, and as the

metal attacked is much thinner the strength is more

seriously reduced. These considerations have prevented

any general change from cast-iron to steel.

Mr Clemens Herschell has made some interesting remarks {Proc.

Inst, G. E, vol. cxr. p. 162) as to the circumstances in which
steel pipes have been found preferable to cast-iron. He says that

it had been demonstrated by practice that cast-iron cannot compete

with wrought-iron or steel pipes in the States west of the Rocky
Mountains, on the Pacific slope. This is due to the absence of

coal and iion ore in these States, and to the weight of the imported

cast-iron pipes compared with steel pipes of equal capacity and
strength. The works of the East Jersey Water Company for the

supply of Newark, N.J., include a riveted steel conduit 48 inches

in diameter and 2i miles long. This conduit is designed to resist

only the pressure due to the hydraulic ^adient, in contradistinc-

tion zo that which would be due to 9ie hydrostatic head, this

arrangement saving 40 per cent, in the weight and cost of the

pipes, Eor the supply of Rochester, N-Y., there is a riveted

steel conduit 36 inches in diameter and 20 miles long; and for

Alleghany City, Pennsylvania, there is a steel conduit 5 feet in

diameter and nearly 10 miles long. The works for bringing the

water from La Vigne and Yerneuil to Paris, include a steel main

6 feet in diameter between St Cloud and Pans.

Oast-ii*on pipes rarely exceed 48 inches in diameter, and even this

diameter is only practicable wheie the pressure of the water is

low. In the Thirlmere aqueduct the greatest pressure is nearly

180 Ib on the square inch, the pipes where this occurs being 40

inches in diameter and inches thick. These large pipes, which

are usually made in lengths of 12 feet, are generally cast with a

socket at one end for receiving the spigot end of the next pipe, the

annular space being run with lead, vrhich is prevented from flowing

into the interior of the pipe by a spring ling subsequentlyremoved;

the surface of the lead is then caulked all round the outside of the

pipe. A wrought-iron ring is sometimes shrunk on the outer rim

of the socket, previously turned to receive it, in order to strengthen

it against the wedging action of the caulking tool. Sometimes

the pipes are cast as plain tubes and joined with double collars,

which are run with lead as in the last case. The reason for

adopting the latter type is that the stresses set up in the thicker

metal of the socket by unequal cooling are thereby avoided, a very

usual place for pipes to crack under pressure being at the back ot

the socket. The method of turning and boring a portion, slightly

tapeied, of spigot and socket so as to ensure a watertight junction

by close annular metallic contact, is not suitable for large pipes,

though very convenient for smaller diameters in even groimd.

Spherical joints are sometimes used where a line of main has to be

Isnd under a large river or estuary, and where, therefore, the pipes

must be jointed before being lowered into the previously di edged
trench. This w'as the case at the Willamette river, Poitlaiid,
Oregon, wheie a length of 2000 feet was required. The pipes are
of cast iron 28 inches in diameter, inches thick, and 17 feet long.
The spigots were turned to a spherical surface of 20 inches’ ladius
outside, the inside of the sockets being of a ladius inch greater.
After the insertion of the spigot into the socket, a img, 3 inches
deep, turned inside to correspond with the socket, was bolted to
the latter, the annular space then being run with lead. These
pipes weie laid on an inclined ciadle, one end of which rested on
the bed of the river and the other on a barge w'heie the jointing
was done ; as the pipes were jomted the barge was carefully
advanced, thus trailing the pipes into the trench {Tram. Am.
Soc. C. E. vol. xxxiii. p. 257). As may be conjectured fiom the
pressure which they have to stand, veiy great care has to be taken
in the manufacture and handling of cast-iron pqies of large
diameter, a care which must be unfailing fiom the time of casting
until they are jointed in their final position in the ground. They
are cast vertically, socket downwards, so that the densest metal
may be at the weakest part, and it is advisable to allow an extra
head of metal of about 12 inches, which is subsequently cut oft in
a lathe. An inspector representing the purchaser watches every
detail of the manufacture, and if, after being measuied in every
part and weighed, they are found satisfactory they are proved
with internal fluid pressure, oil being preferable to water for this

purpose. While under pressure, they are rapped from end to end
with a hand hammer of about 5 ft) in weight, in order to discovei

defects. The wrought-iron lings aie then, if required, shrunk on
to the sockets, and the pipes, after being made hot in a stove, are
dipped vertically in a composition of pitch and oil, in order to

preserve them from corrosion. All these opeiations are performed
imder cover. A record should be kept of the history of the pipe
from the time it is cast to the time it is laid and jointed in the

ground, giving the date, number, diameter, length, thickness, and
proof pressure, with the name of the pipe-jointer whose woik
closes the record. Such a history sometimes enables the cause

(which is often very obscure) of a burst in a pipe to be ascertained,

the position of every pipe being recorded.

Cast-iron pipes, even when dipped in the composition referred

to, suffer considerably from corrosion caused by the water,

especially soft water, flowing through them. One pipe may be
found in as good a condition as wdien made, while the next may
be covered with nodules of rust. The effect of the rust is twofold,

it reduces the area of the pipe, and also, in consequence of the

resistance offered by the rough surface, retards the velocity of the

water. These two results, especially the latter, may seriously

diminish the capability of discharge, and they should always be
allowed for in deciding the diameter. Automatic scrapers are

sometimes used with good results, but it is better to be indei)endent

of them as long as possible. In one case the discharge of pipes,

40 inches in diameter, was found to diminish at the rate of about

1 per cent, per year
;
in another case, where the water was soft

and where the pipes were 40 inches in diameter, the discharge was
diminished by 7 per cent, in ten years. An account of the state

of two cast-iron mains supplying Boston with water is given in the

Tram. Am. Soc. C. E. vol. xxxv. p. 241. These pipes, which
wrere laid in 1877, are 48 inches in diameter and 1800 feet long.

!
When they were examined in 1894-95, it was estimated that the

tubercles of rust coveied nearly one-third of the interior surfaces,

the bottom of the pipe being more incrusted than the sides ami

top. They had central points of attachment to the iron, at which
no doubt the coating was defective, and from them the tubercles,

spread over the surface of the surrounding coating. In this case

they were removed by hand, and the coating of the pipes was not

injured in the process. Cast-iron pipes must not be laid in contact

with cinders from a blast furnace with which roads are sometimes
made, because these corrode the metal. Mr Russell Aitken {Froc.

Inst. 0. E. vol. cxv. p. 93) found in India that cast-iron pipes

buried in the soil rapidly corroded, owing to the presence of nitric

acid secreted by bacteria which attacked the iron. The large cast-

iron pipes conveying the water from the Tansa reservoir to Bombay
are laicf above the surface of the ground. Cast-iron pipes of these

laige diameters have not been in existence sufficiently long to

enable their life to be predicted. A main, 40 inches in diameter,

conveying soft water, has been in existence fifty years at Manchester,

and is apparently as good as ever. In 1867 Mr J. B. Jrancis

found that no apparent deterioration had taken place in a cast-iron

main, 8 inches* diameter, which was laid in the year 1828, a period

of thirty-nine years {Trans. Am. Soc. 0. E. vol. i. p. 26). These

two instances are probably not exceptional.

Pipes in England are usually laid with not less than

2 feet 6 inches of cover, in order that the water may not

be frozen in a severe winter. Where they are laid in

deep cutting they should be partly surrounded with, con-

crete, so that they may not be fractured by the weight of
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earth above them. Angles are turned by means of special

bend pipes, the curves being made of as large a radius

as convenient. In the case of the Thirlmere
Methods

g^qi^educt, double socketed castings about 12
o aymg,

(exclusive of the sockets) were

used, the sockets being inclined to each other at the

required angle. They were made to various angles, and

for any particular curve several would be used con-

nected by straight pipes 3 feet long. As special cast-

ings are nearly double the price of the regular pipes,

the cost was much dinainished by making them as

short as possible, while a curve, made up of the slight

angles used, offered practically no more impediment to

the flow of water in consequence of its polygonal form,

than would be the case had special bend pipes been used.

In all cases of curves on a line of pipes under internal

fluid pressure, there exists a resultant force tending

to displace the pipes. When the curve is in a horizontal

plane and the pipes are buried in the ground, the side of

the pipe trench offers sufficient resistance to this force.

Where, however, the pipes are above ground, or when the

curve is in a vertical plane, it is necessary to anchor
them in position. In the case of the Tansa aqueduct
to Bombay, there is a curve of 500 feet radius near

Bassein Creek. At this jooint the hydrostatic head is

about 250 feet, and the engineer, Mr Clerke, mentions
that a tendency to an outward movement of the line of

pipes was observed. At the siphon under Kurla Creek
the curves on the apj)roache8 as originally laid dow-n were
sharp, the hydrostatic head being there about 210 feet

;

here the outward movement was so marked that it was
considered advisable to realign the approaches with easier

curves {Proc, Imt, C. P. vol. cxv. p. 34). In the case of
the Thirlmere aqueduct the greatest hydrostatic pressure,

410 feet, occurs at the bridge over the river Lune, where
the pipes are 40 inches in diameter, and in descending from
the bridge make reverse angles of 31|-'’. The displacing

force at each of these angles amounts to 54 tons, and as
the design includes five lines of pipes, it is obvious that
the anchoring arrangements must be very efficient. The
steel straps used for anchoring these and all other bends
were curved to fit as closely as possible the castings to be
anchored. Naturally the metal was not in perfect contact,

but when the pipes were charged the disappearance of all

the slight inequalities showed that the straps were ful-

filling their intended purpose. At every summit on a line

of pipes one or more valves must be placed in order to
allow the escape of air, and they must also be provided on
long level stretches, and at changes of gradient where the
depth of the point of change below the hydraulic gradient
is lefcs than that at both sides, causing what may be called
a virtual summit. It is better to have too many than too
few, as accumulations of air may cause an enormous
diminution in the quantity of water delivered. In all

depressions discharge valves should be placed for emptying
the pipes when desired, and for letting off the sediment
which accumulates at such points. Automatic valves are
frequently placed at suitable distances for cutting off the
supifiy in case of a burst. At the inlet mouth of the pipe
they may dej)end for their action on the sudden lowering
of the water (due to a burst in the pipe) in the chamber
from which they draw their supply, causing a float to sink
and set the closing arrangement in motion. Those on the
line of main are started by the increased velocity in the
water, caused by a burst on the pipe at a lower level
The water, when thus accelerated, is able to move a disc
hung in the pipe at the end of a lever and weighted so as
to resist the normal velocity

; this lever releases a catch,
and a door is then gradually revolved by weights until it

entirely closes the pipe. Reflux valves on the ascending
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leg of a siphon prevent water from flowing back in case

of a burst below them
;
they have doors hung on hinges,

opening only in the normal direction of flow. Due allow-

ance must be made, in the amount of head allotted to

a pipe, for any head which may be absorbed by such

mechanical arrangements as those described where they
offer opposition to the flow of the water. These large

mains require most careful and gradual filling with water,

and constant attention must be given to the air-valves to

see that the gutta-percha balls do not wedge themselves in

the openings. A large mass of water, having a consider-

able velocity, may cause a great many bursts by water-

ramming, due to the admission of the water at too great

a s]peed. In places where iron is absent and timber
plentiful, as in some parts of America, pipes, even of large

diameter and in the most important cases, are sometimes
made of wooden staves hooped with iron. A description

of two of these will be found below.

The Thirhmre Aqueduct^ to which reference has been made
above, is capable of conveying 50,000,000 gallons a day fiom
Thirlmere, in the English lake district, to Manchester. «... ,

The total length of 96 miles is made up of 14 miles
of tunnels, 37 miles of cut - and - cover, and 45 miles of cast-

iron pipes, five rows of the latter being required. The tunnels
where lined, and the cut - and - cover, are formed of concrete,
and are 7 feet in height and width, the usual thickness of the
concrete being 15 inches. The inclination is 20 inches per
mile. The floor is flat from side to side, and the side-walls
are 5 feet high to the springing of the arch, which has a rise

of 2 feet. The water from the lake is received in a circular well
65 feet deep and 40 feet in diameter, at the bottom of which there is

a ring of wire-gauze strainers. Wherever the concrete aqueduct is

intersected by valleys, cast-iron pipes are laid
;
at present only

one of the five rows 40 inches in diameter has been laid, as the city
does not yet require its present supply to be augmented by moie
than 10,000,000 gallons a day. All the elaborate arrangements
described above for stopping the water in case of a burst have been
employed, and have perfectly fulfilled their duties in the few cases
in which they have been called into action. The water is received
in a service reservoir at Prestwich, near Manchester, from which it

is supplied to the city. The supply from this source was begun in
1894. The total cost of the complete scheme will not be far short
of -65,000,000, of which rather under £3,000, 000 had been spent up
to the date of the opening.
The Fyrtiwy Aqiccduct was sanctioned by parliament in 1880 for

the supply of Liverpool from North Wales, the quantity of water
obtainable bein^ at least 40,000,000 gallons a day. yA tower built in the artificial lake from which the
ppply is derived, contains the inlet and arrangements for strain-

ing the water. The aqueduct is 68 miles in length, and for nearly
the whole distance will consist of three lines of cast-iron pipes,

one of which, varying in diameter from 42 inches to 39 inches, is

now in use. As the total fall between Vyrnwy and the termina-
tion at Prescot reservoirs is about 560 feet, arrangements had to
be made to ensure that no part of the aqueduct be subjected to a
greater pressure than is required for the actual discharge. Balanc-
ing reservoirs have therefore been constructed at five points on
the line, advantage being taken of high ground where available,

so that the total pressure is broken \ip into sections. At one of
these points, where the ground level is 110 feet below the hydraulic
gradient, a circular tower is built, making a most imposing archi-

tectural feature in the landscape. At the crossing of the river

Weaver, 100 feet wide and 15 feet deep, the three pipes, here made
of steel, were connected together laterally, floated into position,

and sunk into a dredged trench prepared to receive them. Under
the river Mersey the pipes are carried in a tunnel, from which,
during construction, the water was excluded by compressed air.

Denver Aqueduct—The new supply to Denver City, initiated by
the Citizens Water Company in 1889, is derived from the Platte
river, rising in the Rooky Mountains. The first aque- ^
duct constructed is rather over 20 miles in length, of
which a length of 16J miles is made of wooden stave pipe, 30 inches
in diameter. The maximum pressure is that due to 185 feet of
water

;
the average cost of the wooden pipe was S1.36J per foot,

and the capability of discharge 8,400,000 gallons a day. Within
a year of the completion of the first conduit, it became evident that
another of still greater capacity was required. This was completed
in April 1893 ; it is 34 inches in diameter and will deliver 16,000, 000
gallons a day. By increasing the head upon the first pipe, the
combined discharge is 80,000,000 gallons a day. An incident in
obtaining a temporary supply, without waiting for the completion
of the second pipe, was the construction of two wooden pipes, 13
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inches in diameter, crossing a stream with a span of 104 feet, and
having no support other than that derived from their arched iorm.
One end of the arch is 24J feet above the other end, and, when
filled with water, the deflection with eight men on it was only

i of an inch. A somewhat similar arch, 60 feet span, occurs
on the 34-inch pipe where it crosses a canal. Mr Schuyler points
out {Trans, Am, Soc, G, E, vol. xxxi. p. 148) that the fact that
the entire water supply of a city of 150,000 inhabitants is conveyed
in wooden mains, is so radical a departiue from all ])recedents, that
it is deserving of more than a passing notice. He says that it is

manifestly and unreservedly successful, and has achieved an enor-
mous saving in cost. The sum saved by the use of wooden, in
preference to cast-iron pipes, is estimated at ^1,100,000 dollars.

It is perhaps necessary to state that the pipe is buried in the
ground in the same way as metal jiipes. The edges of the staves
are dressed to the radius with a minute tongue inch high on
one edge of each stave, but with no corresponding groove in the
next stave

;
its object is to ensure a close joint when the bands are

tightened up. Leaks seldom or never occur along the longitudinal
seams, but the end shrinkage caused troublesome joint leaks.

The shrinkage in California redwood, which had seasoned 60 to
90 days before milling, was frequently as much as 3 inches in the
20 staves that formed the 34-inch pipe, and the space so formed
had to be filled by a special closing stave. Metallic tongues, f
inch deep, are inserted at the ends of abutting staves, in a straight

saw cut. The bands, which are of mild steel, have a head at one
end and a nut and washer at the other

;
the ends are brought

together on a wrought-iron shoe, against which the nut and washer
set. The staves forming the lower half of the pipe are placed on
an outside, and the top staves on an inside, mould. While the
bands are being adjusted the pipe is rounded out to bring the

» staves out full, and the staves are carefully driven home on to the
abutting staves. The spacing of the bands depends on circum-

stances, but is about 150 bands per 100 feet. With low heads
\the limit of spacing was fixed at 17 inches. The outer surface of

the pipe, when charged, shows moisture oozing slightly over the

entire surface. This condition Mr. Schuyler considers an ideal

one for perfect preservation, and the staves were kept as thin as

possible to ensure its occurrence. Samples taken from pipes in

use from three to nine years are quite sound, and it is concluded

that the wood will last as long as cast iron if the pipe is kept
constantly charged. The bands are the only perishable portion,

and their life is taken at from fifteen to twenty years. Other
portions of the second conduit for a length of nearly 3 miles

were formed of concrete piping, 38 inches’ diameter, formed on a

mould in the trench, the thickness being to 3 inches. So
successful an instance of the use of wooden piping on a large scale,

is sure to lead to a large development of this type of aqueduct in

districts where timber is plentiful and iron absent.

Pioneer Aqueduct^ Utah,—^The construction of the Pioneer Aque-
duct, Utah, was begun in 1896 by the Pioneer Electric Po-wer

Pioneer
®i^y Ogden, 35 miles north of

Vtab
*

storage reservoir, from which it

draws its water, will cover an area of 2000 acres, and
contain about 15,000 million gallons of water. The aqueduct is a

pipe 6 feet in diameter, and of a total length of 6 miles ; for a

distance of rather more than 5 miles it is formed of wooden staves,

the remainder, where the head exceeds 117 feet, being of steel. It

is laid in a trench and covered to a depth of 3 feet.
^
The greatest

pressure on the steel pipe is 200 lb per sq^uare inch, and the

thickness varies from § to i j inch. The pipe was constructed

according to the usual practice of marine boiler-work for high

pressures, and each section, about 9 feet long, was dipped in

asphalt for an hour. These sections were supported on timber

blocking, placed from 5 to 9 feet apart, and consisting of three to

six pieces of 6 x 6 inch timbers laid one on the top of the other

;

they were then riveted together in the ordinary way. The
wooden stave-pipe is of the type successfully used in the Western

States for many years, but its diameter is believed to be unequalled

for any but short lengths. There were thirty-two staves in the

circle, 2 inches in thickness, and about 20 feet long,^ hooped with

round steel rods ^ inch in diameter, each hoop being in two pieces.

The pipe is supported at intervals of 8 feet by sills 6x8 inches and

8 feet long. The flow through it is 250 cubic feet per second.

The Santa Ana Canjal was constructed for h rigation purposes in

California, and is designed to cany 240 cubic feet of water per

« . . second {Trans, Am, Soc, C. E. vol. xxxiii.
ij. 99). The

iianta Ana,
section of the flumes shows an elliptical bottom

and straight sides consisting of wooden staves held together by
iron and steel ribs. The width and depth are each 5 feet 6 inches,

the intended depth of water being 5 feet. The staves are held by
T-iron supports resting on wooden sills spaced 8 feet apart, and

are compressed together by a framework- They were caulked with

oakum, on the top of which, to a third of the total depth, hot

asphalt was run. The use of nails was altogether avoided except

in parts of the framework, it being noticed that decay usually

starts at nail holes. It was found possible to make the flume

absolutely watertight, and in case of repair being necessary at any
part the frame'work is easily taken to pieces so that new staves can
be inserted. The w’ater in the flume has a velocity of 9*6 feet per
second. The Warm Springs, Deep, and Morton, cahons on the
line are crossed by vrooden stave pipes 52 inches in diameter, bound
with round steel rods, and laid above the surface of the ground.
The woik is planned for two lows of pipes, each capable of carrying
123 cubic feet per second

; of these one so far has been laid. The
lengths of the pipes at each of the three canons are 551, 964, and
756 feet respectively, and the maximum head at any

2
)Iace is 160

feet. The pipes are not painted, and it has been suggested that
they would sufler in their exposed position in case ot a bush fiie,

a contingency to which, of comse, flumes are also liable.

Aqueducts of Nno York.—There are three aqueducts in Kew
York—the Old Croton Aqueduct (1837-43), the Bronx Hiver Con-
duit (1880-85), and the Hew Croton Aqueduct (1884-93), discharg-
ing respectively 95, 28, and 302 million U.S. gallons a ^ y ,

day
;
their combined deliveiy is theiefore 425 million

y<>rK,

gallons a day. The Old Croton Aqueduct is about 41 miles in length

,

and was constructed as a masonry conduit, except at the Harlem
and Manhattan valleys, where two lines of 36-inch pipe w'cre used.

The inclination of the former is at the rate of about 13 inches
2)er

mile. The area of the cross-section is 53*34 square feet, the height
is 8J feet, and the greatest width 7 feet 5 inches

;
the roof is semi-

circular, the floor segmental, and the sides have a hatter on the
fape of J inch per foot. The sides and invert are of concrete, faced
with 4 inches of brickwork, the roof being entirely of brickwoik.
There is a bridge over the Harlem river 1450 feet in length, con-
sisting of fifteen semicircular arches

;
its soffit is 100 feet above

high water, and its cost was §963,427. TTie construction of the
Hew Croton Aqueduct was begun in 1885, and the works were
sufficiently advanced by 15th July 1890 to allow the supply to be
begun. The lengths of the various parts of the aqueduct are as
follows :

—

Miles.

Tunnel . . . . .29*75
Cut-and-cover . . . .1*12
Cast-iron pipes, 48 inches diameter, 8 rows . 2*38

Cloton Inlet to Central Park . . 33 *25

The length of tunnel under pressure (circular form) is 7*17 miles,

and that not tinder pressure (horse-shoe form) 23*70 miles. The
maximum pressure in the former is 55 Ib per square inch. The
width and height of the horse-shoe form are each 13 feet 7 inches,

and the diameter of the circular form (with the exception of two
short lengths) is 12 feet 3 inches. The reason for constructing the

aqueduct in tunnel for so long a distance 'was the enhanced value

of the low-lying ^ound near the old aqueduct. The tunnel
deviates from a straight line only for the purpose of intersecting a
few transverse valleys at which it could be emptied. For 25 miles

the gradient is 0*7 foot per mile; the tunnel is then depressed

below the hydraulic gradient, the maximum depth being at the
Harlem river, where it is 300 feet below high water. The depth
of the tunnel varies from 50 to 500 feet from the surface of the

ground. Forty-two shafts were sunk to facilitate driving, and in

four cases where the surface of the ground is below the hydraulic

gradient these are closed by watertight covers. The whole of the

tunnel is lined with brickwork from 1 to 2 feet in thickness,

the voids behind the lining being filled with ruhble-iii-nioitar.

The entry to the old and new aqueducts is controlled by a gate-

house of elaborate and massive design, and the pipes which take

np the su2)ply at the end of the tunnel are also commanded by a
gate-house. The aqueduct, where it passes under the Harlem
river, is worthy of special notice. As it ajjproaches the river it

has a considerable fall, and eventually ends in a vertical shaft 12

feet 3 inches in diameter (where the water has a fall of 174 feet),

from the bottom of which, at a depth of 300 feet below high-water

level, the tunnel under the river starts. The latter is cimular in

form, the diameter being 10 feet 6 inches, and the length is 1300

feet
;
it terminates at the bottom of another vertical shaft also 12

feet 3 inches in diameter. The depth of this shaft, measured from

the floor of the lower tunnel to that of the upper tunnel leading

away from it, is 321 feet ; it is continued up to the surface of the

ground, though closed by double watertight covers a little above

the level of the upper tunnel. Adjoining this shaft is another

shaft of equal diameter, by means of which the water can be

pumped out, and there is also a communication with tlie river

above bigh-water level, so that the higher parts can he emptied

by gravitation. Tbe cost of the Old Croton Aqueduct was

$11,500,000 ;
that of the new aqueduct is not far short of

$20,000,000.

The Nadrai Aqueduct Bridge^ oj^ened at the end of 1889, is the

largest structure of its kind in existence. It was built to carry

tbe water of the Lower Ganges canal over the Kali
jqsarai,

Haddi, in connexion with the irrigation canals of the

north-west provinces of India. In the year 1888-89 this canal
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had 564 miles of main line, with 2050 miles of minor distributaries,

and irrigated 619,022 acres of crops. The new bridge replaces one

of much smaller size (live spans of 35 feet), which was conij)letely

destroyed by a high Hood in July 1885. It gives the river a

waterway of 21,000 square feet, and the canal a waterway of 1040

square feet, the latter representing a discharge of 4100 cubic feet

per second. Its length is 1310 feet, and it is carried on fifteen

arches having a span of 60 feet. The width between the faces of

the arches is 149 feet. The foundations below the river-bed have

a depth of 52 feet, and the total height of the structure is 88 feet.

It cost 44i lakhs of rupees, and occupied four years in building.

The foundations consist of 268 circular brick cylinders, and the

fifteen spans are arranged in three groups, divided by abutment
piers

;
the latter are founded on a double row of 12-feet cylinders,

and the intermediate piers on a single row of 20-feet cylinders, all

the cylinders being hearted with hydraulic lime concrete filled in

with skips. This aqueduct-hridge has a very fine appearance,

owing to its massive proportions and design.

For an account of the New York aqueducts see the Report of the

Aqued%ct Conm/issiomrs^ 1887-95, and The Water Supply of the

City of New YorJc^ 1896, by 'Wegmann". For accounts of other

aqueducts, see the Transactions of the Societies of Engineers in the
different countries, and the Engineering Journals, (e. p.

Aquilay a town and bishop’s see of Italy (Abruzzi

and Molise), capital of the province of Aqnila, situated

in the Central Apennines, at the S.W. foot of the knot
of Gran Sasso dTtalia, 145 miles N.E. from Rome by
rail. There are two picture galleries, one in the town
hall, the other in the Dragonetti (formerly De Torres)

Palace, and an industrial arts and sciences school
University classes are held here. Owing to its altitude

(2366 ft.), it is a favourite summer resort of the Italians. '

Population of commune (1881), 18,426; (1901), 21,215:
of province (1881), 353,027

; (1901), 397,645.

Arab! Pasha (more correctly Ahmad 'AeabI, to

which in later years he added the epithet al-MUri, “ the
Egyptian”), Egyptian soldier and revolutionary leader,

was born in Lower Egypt in 1839, of a fellah family.
Having entered the army as a conscript he was made an
officer by Said Pasha in 1862, and was employed in the
transport department in the Abyssinian campaign under
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Ismail Pasha. A charge of peculation was made against

him in connexion with this expedition and he was placed

on half-pay. During this time he joined a secret society

formed by Ali Roubi with the object of getting rid of

Turkish officers from the Egyptian army. In 1878 he

was employed by Ismail in fomenting a disturbance against

the ministry of Nubar, Wilson, and De Bligni^res, and
received in payment a wife from Ismail’s harem and the

command of a regiment. Tliis increased his influence with

the secret society, which, under the feeble government of

Tewfik Pasha and the Dual Control, began to agitate

against Europeans. A military demonstration on 8th

September 1881, led by Arabi, forced the Khedive to

increase the numbers and pay of the army, to substitute

Cherif Pasha for Riaz Pasha as prime minister, and to

convene an assembly of notables. Arabi became under-

secretary for war at the beginning of 1882, but continued

his intrigues. The Assembly of Notables claimed the

right of voting the budget, and thus came into conflict

with the foreign controllers who had been appointed to

guard tbe interests of the bondholders in the management
of the Egyptian finances. Cherif fell in February, and
Arabi (created a pasha) became minister of war. Fortified

by the honours bestowed on him by tbe sultan, Arabi,

after a brief fall from office, acquired a dictatorial power
that alarmed the British Government. His arming of the
forts at Alexandria was held to constitute a menace to the
fleet. On the refusal of France to co-operate, the British

fleet bombarded the forts (11th July), and a British force,

under Sir Garnet Wolseley, defeated Arabi on 13th

Sei)tember at Tel-el-Kebir. Arabi surrendered, and was
tried (3rd December) for the crime of rebellion. In
accordance with an understanding made with the British

representative, Lord Dufferin, Arabi pleaded guilty, and
the formal sentence of death was immediately commuted
to one of banishment for life to Ceylon. After his exile

had lasted for nearly twenty years, however, the Khedive,
Abbas II., exercised his prerogative of mercy, and in May
1901 Arabi was permitted to return to Egypt.

AEA
During the last quarter of the 19th century sevei'al

notable journeys were made through Northern,
Central, and Southern Arabia which, although they have
led to no essential modification of previous views regarding
the general physiography of that country, have added
considerably to our knowledge of its topographical detail
Very little systematic survey has been possible in a country
so remote from the centres of scientific movement, and so
hostile to foreign interference. The eastern coast has been
connected with the Indian system of triangulation across
the Strait of Hormuz; and from Aden a local topo-
graphical survey has been carried into the southern off-

shoots of the Yemen Mountains by officers of the Indian
Survey, based on a triangulation which is independent of
India. Amongst recent investigations the researches of
Dr Walker in the Sinai Peninsula have thrown new light
on the coral forjmtions of the western coast, and have
elucidated some interesting problems in connexion with
Arabian desert formations. According to this authority,
the change in surface configuration of the desert sands of
Northern Arabia is due to no change in climatic factors.
It is governed by the same laws to-day as it was thousands
of years ago. Sand formations are produced by the differ-
ences of temperature (50** to 80'* F.), to which the surface
rock is daOy exposed. The rock is first broken up by
these differences into small fragments, which are polished
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and rounded by the action of wind-blown sand. Granite,.

' especially, disintegrates rapidly on account of the differ-

ence in the specific heat of its constituent parts. Then the

j

wind action again separates the component parts and

I

forms broad spaces in the desert, of which the sand par-

ticles may consist uniformly either of mica or of quartz.

But as regards recent illustration of the conformation and
geology of the Arabian continent generally, it is to the

i

researches of Doughty and Blunt, between the years 1876
and 1878, and to those of Theodore Bent subsequently,

that we are most indebted for fresh material from English
sources.

Doughty accompanied the annual pilgrimage, or ^‘haj,”

from Damascus to Mecca, stopping at Medyin ^lih (some
150 miles north-west of Medina) to copy Nabathsean in-

scriptions and explore the monuments of El Hajr. During
the spring of 1877 he visited Nejd, returning again to El
Hajr and exploring the cool and lofty Harrat during the
summer. He afterwards journeyed northwards to Teyma,
in the Nefud, and eastwards to Hail, the residence and
capital of the Emir Ibn Rashid. From Hail he returned
south-west to Khayhar, crossing an upland region of lava-

fields and extinct volcanoes, which he believes to be the true
water-parting between east and west in Northern Arabia.
In the spring of 1878 he again returned to Nejd, visiting

Aneyza and Boreyda, which he describes as its two most-
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important towns. Then recrossing the continent and
traversing the elevated steppe which is the wandering
/ground of the great Beduin tribe, Ateyba, he finally

reached Jidda, exhausted by the hardships and vicissitudes

of his journey. It is worthy of note that he travelled

openly as a Christian and an Englishman, and that he
survived to write a standard work on Arabia

j
whilst

Huber, who traversed much the same country in 1883>

84, paid the penalty of the venture with his life.

In 1878-79 Mr Wilfrid Blunt, accompanied by his in-

trepid wife, Lady Anne Blunt, travelled from S3n'ia

south-east to Jebel Shammar, skirting the great Wadi
Sirhan depression to Jof, and thence crossing the Hefud.
He thus followed a route approximately parallel to

that of Doughty, at a distance of about 80 miles from
it. On his return journey from JSTejd he joined the
bands of Persian pilgrims returning from
Mecca, travelling nearly due north to Ker-
bela and Baghdad, passing through the

country of the Daffir Beduins, so that

between these two travellers we have a

fairly connected account of the physio-

graphy of all Northern Arabia, differing

in some important details from the earlier

descriptions of Palgrave (Arabia, Enoy,
Brit. ii. 235-265). Mr Bent, who was
also accompanied by his wife, visited the

Bahrein islands, on the east coast of

Arabia, in 1888, and added much to our

knowledge of this cradle of the Phoenician

race. In 1893-94 he made an adventur-

ous journey into the main valley of Had-
ramut, and later again visited the Southern

Arabian coast, starting from Muskat, but
was not successful in penetrating into the

interior of the continent. Colonel S. B.

Miles explored Oman and visited Dhofar,

on the southern coasts of Arabia, in 1884.

Yemen was traversed as late as 1892 by
W. B. Harris, who travelled in disguise

from Aden to Sanaa, the capital, where he

was imprisoned by the Turkish authorities,

and whence he was deported under an
escort to Hodeida. In such circumstances

he was not able to add much to the

scientific information gained by previous

travellers; but he gave an excellent de-

scriptive account of the wonderful fertility

and beauty of Arabia Felix. Stimulated

by a journey of the French botanist

Defiers in 1888, Dr Schweinfurth made
a botanical exploration of Yemen in the

winter of 1888-89, and Herr Eduard
Glaser, about the same time, visited Mareb, the capital of

the old Sabaean empire, and brought home with him
numerous manuscripts. To the researches of these travellers

in Northern, Central, Southern, and Western Arabia, we
may add such matters of historical interest affecting

Arabia as have been brought to light by the labours of

the officers of the Indian Survey working in Baluchistan

and Makran. They undoubtedly open up a new chanter

in Arabian commercial (if not military) history.

Pi'om Doughty we learn that the geology of Arabia is of truly

Arabian simplicity. A central core of Plutonic rocks is overlaid

PbysiO’- ^7 sandstones, and these again by limestones, some-

grapby. times accompanied with flints. This is a similar forma-
tion to that which appears again between the Dead

Sea and Jerusalem, and probably underlies all Palestine, The
“ nefuds,” or deep sandy deserts, are composed of material derived

from the sandstones. The occurrence of volcanic rocks upon
plateaux throughout Central Arabia was previously unrecorded,
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but there appears to be a doubt whether the volcanic cones on the
surface of the lava-flows of the “ harrats ” can geologically be con-
nected with these flows. In the north-west the platform of sand-
stone which flanks the pilgrim route to Mecca from Damascus for

about 150 miles, with its western edge approximately parullel to

the Red Sea coast at a distance of about 100 miles, and which
terminates southwards near El Hajr, is not the true watershed
between the sand-plains of Teyma and the sea

;
for the drainage

strikes across it from eastwards, and is possibly antecedent to the
formation of the plateau. The surface of this great “harrat,*' or

upland, which crowns the mountainous highlands of the coast,

and is flanked on the east by a long extended depression, has been
embedded by stream after stream of basaltic lava, and is studded
with numerous extinct volcanoes. The highest of these volcanoes
is estimated to be as much as 1000 feet above the plateau level.

Between Shammar and Ehaybar, striking south-west across the
continent, the central districts consist of an upland space of lava-

fields and extinct volcanoes (called “ hilli-hillian ” by the Arabs)
rising to about 6000 feet above sea-level, forming another “harrat”
known as the Harrat Khaybar. This was ascertained to be the

true water-parting of this part of the country
; the waters flowing

eastwards to the Wadi e’ Rumma (which would be an affluent of

the Euphrates if it were a perennial stream instead of a dry trough
flushed once in a generation) and westwards to the Wadi el

Humth (previously unknown) which has its mouth on the Red
Sea coast.

Blunt describes the harrats or upland plains, closely adjoining the

frontiers of Syria and Arabia to the south of Damascus, as a vast

expanse of boulder-strewn desert, “a bleak and gloomy region

across which it' is difficult to travel with camels on account of the

narrowness and intricacy of the paths which wind in and out

amongst the boulders.” From this region of black stones, extend-

ing south-eastwards for upwards of 300 miles to Jof, is the great

depression of the Wadi Sirhan (probably an ancient arm ot the

sea) which is estimated to he less than 2000 feet above sea-level,

and is flanked to the eastward by the vast gravelly plain of El

Hamad on a higher level of 500 feet. Jof is a walled town of

about 600 houses, which stands on the northern edge of the

Nefud or red sand-plain of the interior. This plain extends for

200 miles to the foot of the Jebel Shammar, beneath which lies

Hail, which Blunt places at the foot of the northern slopes to the

S. I. '— 65
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east of Jebel Aja, and Doughty shows to the south of that lange.

The rocky hills of the Nelud, like those of Jof, aie of sandstone,

var^ins^in colour from yellow to led and purple, hut weathered

blick on the upper surface. Jebel Shammar itself is composed of

red granite. The geneial characteristics of these mountains and
of tlu ir vegetation seem to be similar to those of Mount Smai.

The jilain level at Hail is estimated by Blunt to be 4000 teet above

sea-level, and the summits of the Shammar Mountains to be 2000

feet higher. The character of the Neind plains apparently diflfeis

essentially from that desciibed by Palgrave. The Nefud is now
said to consist of a wide spread of coarse red sand, well clothed

wuth shrubs, and after a rainy winter covered with glass and
flo^\er^. A few irregular low lidges exist in the Nefud, but they

are not a prominent featuie. On the other hand, the whole plain

IS pitted with deep hollows, shaped like a horse-shoe, with their

points all set with great regulaiity towards the same point of the

compass. These depiessions are called by the Arabs “fulj,” and
vaiy in depth irom 20 to 200 feet, and proportionately in width :

the w'ldest being about a quarter of a mile across. Another
natural phenomenon which was previously described in consider-

able detail, but which Blunt found to be unsupported by local

evidence, is the occurrence of the simoom, or poisonous wind, in

these plains. Sandstorms ate of frequent occurrence ; but they

are not poisonous. The deadly poison blast, which not merely

suffocates by mechanical means, but which absolutely disseminates

a poisonous vapour or gas, must be dissociated from the plains of

the 2Tefud. The expression “nejd” is ascertained to be purely

geographical, and in no sense political. In Arabia it is applied to

all the high-level districts lying within the Nefuds. It includes

the three provinces of Jebel Shammar, Easim, and Aared. As
employed by the Turks, the name is applied to their latest

conquests on the seaboard of El Hasa, and so has led to a misappie*

hension as to the extent of Turkish sovereignty in Arabia. The
plain of the Hamad, which Blunt crossed from Jebel Shammar to

the borders ot Arabia at Hejef, south of Babylon, has a uniform
upward grade from the Sea of Hejef to Shammar. This slope is

estimated to he about 10 feet per mile, and is not unbroken. It

is due to ‘‘a series of shelves terminating in abrupt edges one
above the other, the edges facing the line ot descent.” The Nefud
of Eastern Arabia, as described by Sir Lewis Felly, differs from
the Nefud north of Shammar in some essential particulars. It

consists of a series of huge sand ranges trending curvilinearly in

a north-west and south-east direction, stretching roughly parallel

to the Arab littoral of the Persian Gulf southwards from Jebel

Shammar. Between the ridges are wide spaces of hard level plain,

as much as from 7 to 8 miles in width. The central plateau com-
mences to rise into Kejd proper from the district of Sedair. The
route from the Persian Gulf westward, crossing this eastern Hefud,
terminates at Riad (the Wahabi capital), 250 miles to the south-

east of Hail.

Bent’s expeditions to the south coast of Arabia and Hadramut
geographically place these legions in an entirely new light.

„ . . Hadramut is no longer to be regarded simply as a^aramut
digtiict of Arabia intervening between the

Soutbem central desert, but as a broad central

Arabia, littery mnning for a hundred miles or more parallel to

the coast, through which the valleys of the high
Arabian plateau discharge their scanty supplies of water to the,sea

near Saihut, towards which point the whole system gradually
slopes. Into this hotbed of fanaticism but one European (Herr
Leo Hirsch) had succeeded in penetrating before Bent, and he
travelled in disguise. Theodore Bent and his wife travelled

without disguise, and with a considerable train of followers. It

seems to be clearly proved by the Himyaritic inscriptions found
in the valley, that for five eeutnries b-C, the term Hadramut
applied to this valley only, the meaning of it being the “ Valley
of Death,” Here from time immemorial existed the historic trade
in frankincense and myrrh, which centred in Shibam (a place of

some importance even now), from whence the produce of the valley

was conveyed westwards by the great frankincense road across

Aiabia of which an account is gjiven to us by Claudius Ptolemaeus.

The narrow coast-line of this part of Arabia is termed Sahil,

and between Mokalla and Saihut it is described as a “most
uncompromisingly arid country,” Hot springs exist at intervals,

pointing to the volcanic origin of the region, and where they
are found they are utilized for the purposes of cultivation

;
hut

their occurrence is rare, and the coast generally is marked by
an extended waste of barren sterility. Mokalla, Shehr, and
Kosair are the chief coast towns. They carry on an active trade
by means of their dhows and buggalows with Aden, Muskat,
Bombay, and the Somali coast A curious geological feature of
the coast are the basalt fields near Kosair, which spread across
the flat country in a stratum of black rock -like lava. The
Arabs attribute this basaltic effusion to the destruction of pagan
cities. Probably it is the source from whence Egypt and Assyria
derived material for statuary art. The highlands beyond the
isfaip of low coast are called Akaba. The approaches to them
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are formed by a series ot shoit water-coui’se valleys, which con-
tain the first stages of the caravan routes into the interior. The
Akaba consists ot a wide expanse of flat, featureless plateau,
without a habitation or even sign of life— wateiless and waslo— but broken by occasional masses of flat tableland formation,
which lie superincumbent on the lower plain about SO feet high.
On the top level of the Akaba (a little over 4000 feet above
sea), IS a wide scattering of small black basaltic stones, which
rest on the sandstoixes and limestones ot vhich the range is

formed. In the gullies cut out of these tableland formations
(which are the higher level or uppei fiats of the Akaba), as also
in the valleys approaching the plateau, the myrrh and trankin-
cense trees, with various forms of mimosa, are to be found. It
is curious that the Beduins, who own the plateau, do not them-
selves gather the produce of the trees, but let districts out to
the Somalis, who come in due season to collect the frankincense.
The air of the plateau is fresh, keen, and invigorating. The
similarity of its confoimation to some pai ts of Abyssinia is striking;
and it appears that many points of similarity aie also to be noted
between the coasts of Southern Arabia and those of Southern
Baluchistan. Erom the Akaba many valleys dip with rapid and
sudden descent, flanked by steep red sandstone clifis, into the
main central depression of Hadramut. So steep, and so different

from valleys whose formation is due to erosion, are these gates of
Hadramut, that it seems possible that they are but blanches of a
fiord, or arm of the sea, which once filled in the whole Hadramut
depression. The upper valley of the Hadramut, round about its

capital of Shibam and the courtly residence of its chief at A1
Katan, is a land of cultivation and prosperity, of palm groves and
towns and palaces, flourishing chiefly on the basis of wealth
acquired in India, The sultan, who is the head of the A1 ICaiti

family of the Tafi tribe, is jemadar or general of the Arab
regiments in the service of the Hawab of Haidarabad. This con-
nexion with India is the secret of the wealth of the A1 Kaiti
family. The dwellers in the towns, and the cultivators of
Hadramut belong to races of Arabs who are of later importation
into the country than the Beduiii. The chief tribes are the Tail,

Ketiri, Minhali, Amri, and Tamini, who aie constantly at war
with the Beduin. The Beduin, who are scattered in wild tubes
all over the country, are the caravan leaders and the cairiers,

rearing their own camels, and owning large territories in the
highlands. They are numerous and powerful, never living in
tents like the northern Beduin. The richer amongst them occu]>y
houses, and the poorer, caves. The Sharifs and Saiads are an
important hierarchy, tracing their descent from the prophet, and
exacting the homage of all who are under their widespread
influence.-

^

They boast a pedigree purer than that of any other
Saiad family in Arabia. They are dwellers in towns and citie*?.

The half-bred and imported African slaves form the fourth class of
this mixed community. They are all of them Mahommedans, many
of them wealthy, and some superior in education to their naasteis.

The tillers of the soil, personal servants, and soldiers of the chiefs

mostly belong to this class.

The name Ad is given in the Koran to the Sabsean
inhabitants of Southern Arabia, and is still recognized by
the modern inhabitants. Within the limits of

the coast district there is no evidence of Addite
ruins, a circumstance which confirms the opinion
that the ancient trade in frankincense was carried on
chiefly by the caravan road passing eastwards from Aden
to Hadramut and Oman, very little use being made of

the harbours and ports of the sterile coast. The movable,
wind-blown sand which collects in masses in the centre

of the valleys, has probably long ago buried such
ancient ruins as date from Himyaritic times, and all

that is now observable is to be found on more elevated

sites above the plain. A distinct connexion is to be
traced between some of the rude stone relics of the past

on which inscriptions exist, and those evidences of sun-

worship which were found by Bent at Zimbabwe in

Mashonaland, where the arrangement of rocks and stones

possesses a similar system of orientation. Of the inti-

mate connexion, if not actual relationship, which existed

many centuries before our era between the Sabaeans of

Southern Arabia and those Arab people who worked the

gold-mines of Mashona, and built forts to protect them,
there can he little doubt. In the Wadi Sher, which leads

northwards from the head of the Hadramut into the

central districts, there exist the remains of at least one
great Himyaritic town, with traces of megalithic buildings
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and a rock exhibiting Himyaritic inscriptions. This
appears to have been an important position on the great
caravan route between east and west. Large unhewn
stones of the dolmen type, decorated on the inside with
geometric patterns similar to those found in Mashonaland,
together with buildings of extreme antiquity far anterior

to those of other Himyaritic remains around them, also

exist in the Wadi Sher. The general result of these
discoveries is greatly to enlarge our views of the extent
of ancient Sabsean colonization in the Eastern world, a
result which is still further supported by the remarkable
similarity which exists between the great irrigation works
to be found in Yemen and those which yet require further

investigation in Southern Baluchistan.

The remarkable connexion between the fauna and the
flora of Arabia and those of the Somali country and
Abyssinia, no less than the curious analogies between
geological and topographical construction in the physio-
logy of the two countries, points to a prehistoric land
connexion between them on the south, as well as the

north, of the Bed Sea, which may possibly have been
coeval with the land connexion between India and Southern
Africa. The link forged in geologic ages never seems to

have been entirely broken, and nothing has served to

give emphasis to previous evidence on this subject more
than the Zimbabwe discoveries of Theodore Bent. It is

certain that the ruins and the relics in them (amongst
which were found fragments of Persian and Celadon china,

such as may still be found in quantities on the coast of

Makr^n and of the Persian Gulf) are not in any way
connected with any African race. We also know that for

many centuries before our era the Bed Sea was alive

with the ships and commerce of Arabia. Arab ships

brought spices from India and the ^‘Cania” tree from
China

;
and Arabian ” gold is celebrated in the writings

of the very earliest historians. Very little gold ever

came from Arabia, but in Africa it was produced in

large quantities (both from alluvial and quartz sources)

from the earliest ages. There can be little doubt
that the builders of Zimbabwe came from the Arabian
Peninsula.

Although no recent travels or explorations in Yemen
have added greatly to the mass of scientific information

Yemen
Schweinfurth, and Playfair,

we have acquired a better knowledge of the

chief geographical featoes of that country from the

adventurous journey of W. B. Harris in 1892, supple-

mented by the researches of the Indian surveyors in the

Aden district about the same period, and the earlier

travels of General F. T. Haig in 1887, than we formerly

possessed.

The country is split up into the two great natural divisions of

the interior highlands or Jebel, and low-lying sandy deserts and
plains of the seaboard. The latter aie from 30 to 100 miles in

breadth, skirting the highlands on the west and south, and are

only broken where a spur from the mountains approaches the

southern outlet of the Red Sea, forming the headland of Sidi

Sheikh, exactly opposite to the island of Perim. There are many
indications that this seaboard strip of desert was, until a geologi-

cally recent period, below sea-level. These plains of Yemen are

called Tehama They are subject to drought, the rainfall being
extremely small, but there are, nevertheless, scattered about them,
oases where cereals can be reared with success, and water may
be obtained in the nullah beds by sinking wells sufficient to

supply the flocks and herds of the Beduin. It is in these arid

plains that some of the best of Arabian camels are bred. The
chief towns of the Tehdiha are Hodeida and Mokha on the western
coast, and Aden (q.v, ) on the south. ModeidaM^s on the north-east

side of a lafge bay, sheltered by a promonto^ to the north-west.

It is a large and flourishing town containing about 30,000 in-

habitants, with a Turkish garrison. It possesses a climate which
is inimical to European existence. At certain seasons of the year
it is subject to frightful epidemics of fever. Mokha has lost its

importance as a trade port since Aden has been occupied by the

Biitish. It owes its existence to the tiade in coiiee. Eailyin the
17th century English and Dutch established factoiies at Moklia,
and a century later the French followed their example, so that for
some two centuries Mokha became renowned for its wealth. On
the British occupation of Aden in 1839 trade left Mokha, and
smce then the town has fallen into decay.
From Aden, northwards, a stretch of some 30 miles of deseit

separates the volcanic rocks and ridges of the coast from the green
and fertile highlands of Yemen. These highlands present a most
curious contrast to the arid sterility of the Tehama. Ranges of
mountains rise abruptly from the plains to great altitudes (esti-

mated at 10,000 to 12,000 feet, or even higher, but there is no
absolute deteimination of the height of any of the most prominent
peaks) and assume a general foimation of parallel ranges, with a
strike from north-west to south-east, sheltering lateral valleys,
which are wide and fertile, highly cultivated, and teeming with
agricultural wealth. It is here that coffee and indigo are chiefly
grown. Here, in Arabia Felix, English vegetables and many
kinds of fruit reach perfection m a climate of which the average
mean shade temperatuie may vary between 60“ and 70® F. A
line drawn from Aden noithwards for l70 to 180 miles will pass
not very far from the main water-parting of the plateau, of which
the average level is 7000 or 8000 feet, and not far east of the great
caravan road which connects Sanaa, the capital of Yemen, with the
great southern port. It is on this route that the towns of Eataba,
Terim, and Damar are situated, and it has probably been through
all ages the great central trade-route of Yemen. It is remaikable
that whilst the Tehama is subject to a most uncertain rainfall,

there should be two regular wet seasons in the highlands, eoire-

sponding to the spring and autumn ‘^monsoons” of Hariar and
the Galla country. !l&in is said to fall daily during the recur-

rence of these wet seasons, but with intermittent periods of blight
sunshine. Of the beauty of the sceneiy in the Yemen hill-country,

Han is gives us a most vivid description. “Torn into all manner
of fantastic peaks, the rocky crags add a wildness to the view that
otherwise possesses the most peaceful charms. Rich green valleys,

well timbered in places, and threaded by silveiy streams of

dancing water; sloping fields gay with crops and wild flowers;

I

the terraced or jungle -covered slopes—all are so luxuriant, so

verdant, that one’s ideas as to the nature of Arabia aie entirely
' upset.” Colonel Wahab, who surveyed the hills north of Lahej
in the Aden district, describes the wealth of green terraces, sloping
in steps of graceful contour down the spurs of the mountains, as

recalling the beauty of Himalayan scenery in the valleys of the
Jumna and Sutlej. Sanaa, the capital of Yemen, lies at an eleva-

tion of nearly 7800 feet above sea-level, about 250 miles by road to

the north of Aden, and 180 by road north-east of Hodeida, on the
Red Sea coast. Between Sanaa and Aden are the three piinci])al

towns of Damar, Terim, and Kataha, the last marking the
southern frontier of Turkish occupation in the highlands. Damar,
9300 feet above sea -level, is described by Harris as being an
nnwalled town, but protected by small mud forts placed at

intervals—an obviously Turkish innovation denoting recent con-

struction. Many of its houses are w-ell built of stone, and
decorated with considerable taste. A pecuHaiity in their con-

struction is the use of slabs of alabaster for the windows, which,
being carved in relief, admits of a peculiarly soft and varying
light. There is an open square about the centre of the towm, tlie

bazaars and narrow streets around it being full of life and busy
with trade. As usual, the Jews occupy a separate quarter. The
effects of Turkish misrule are everywhere strongly maiked in

Damar. Terim, 80 miles from Sanaa, is comparatively a new,
and essentially a poor, town, built chiefly of sun-dried bricks. It

lies between 7000 and 8000 feet above sea-level.

Two notable examples of the engineering skill of the Sabaean

and Himyaritic Arabs exist in Yemen ; one at Hinan, near
Damar (which Harris believes to be the Haran of Biblical record),

and the other at Mareb or Saba. The storage tanks at Eirran,
which are supplemented by deep wells, were obviously built for

the purpose of providing water for the garrison of an ancient

fortress which encloses them. Tw’o spurs of a hill have been joined

by an enormous wall, whereon there is space sufl^cient to drive “a
carriage and pair.” This wall is 150 yards long and 20 feet

high, and is built with the peculiar cement which is typical of

early Arab construction. Harris recognized in it many points of

similarity to a gigantic wall, dating from early Arab times, which
exists at Mekinez in Morocco. "Within the wall is a well of which
the lower part is sunk in the solid rock, and above the northern

end are a series of three tanks reached by a staiiway. Hiiran, or

Hail Hirran, as the hill is also called, is perforated with excavations,

and abounds in sepulchral ruins and masses of broken pottery.

The great dam of Mareh {Sheba or Saba) possibly dates from 1700

years B.C., for its construction is attributed to the father of Himyar,
the founder of the Himyaritic dynasty. It is certainly of vast

antiquity. M. d*Arnaud describes its ruins as comprising a
mgantic wall 2 miles long and 176 paces wide, connecting two hills.

The water which was stored by means of this enormous dam was
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allowed to escape by dykes, or openings, at different levels, so tbat

irrigation could be maintained, no matter at wbat level the water

of the tank might stand. It is supposed to have been buist imder

e.\ceptional pressure about A.n 100.

The system of storing water m tanks, and the evidences of its

anti(j[Uity, aie abuudaut throughout South Arabia, and these evi-

dences may supply a key to the mysteiy of those strange construc-

tions in Southern Baluchistan and Makran which for ages have

pieseuted an inteiestiag problem to investigators. Thioughout

Makiaii, but perhaj>s more especially in the districts of Panjgni

and Kohvah, there are relics of walls of enormous thickness, and

sometimes of considerable height, which are only known to the

local inhabitants as Ghoibasta, or Ghabrbasta, the name indicating

meiely that they were built by a race of sun- or ^e-worshippers.
Xo modern Baluchi acknowledges any connexion with them.

They possess, in fact, no history—^no tradition even ; but the

peculiarities of their construction distinctly point to the same lace

of people for their origin as those who terraced the hillsides and
levetted the fields round about them with similar masonry.
Those Asiatic Ethiopians ” whom Heiodotus places in Southern

Baluchistan 500 years B.c. have disappeared, and the Arab influ-

ences which now pervade the country fiom end to end are of latei

date and difierent origin
;
but there can be little doubt that the

Sahsean or Himyaritic races of dusky Arabs who fenced round
their gold mines in Africa with strange fortifications and built

up the vast protective works for water storage in South Arabia, are

responsible for many works designed on the same principles and
of similar construction on the eastern side of the Persian Gulf.

(See Baluchistan.)
A certain amount of fresh light has been thrown on the ancient

connexion between Ethiopia and South Arabia by the researches of

Glaser. This connexion was evidently so close as to approach to

the affinity of blood relationship. Egyptians, Syrians, and Greeks
traded with Arabia for frankincense for more centuries before our
era than we can clearly count. “ In the most primitive times,”

says McOrindle, “the merchants of Arabia traded to Gaza and
Egypt, and the producers of incense in Africa followed their

example.” What the Greeks called Ethiopia the Egyptians called

Punt (or Pwent), Habash, and Kash. Punt certainly referred to

both sides of the Bed Sea, but the name never occurs in
Himyaiitio inscriptions. Habash (or Habashat) does occur, and,
according to Glaser, the word means “ collector”— collector of
incense, and applied equally to Africans and Arabians—to Abys-
sinia and Somaliland as well as to Hadramut.

The condensed history of the Arab nation from the very

earliest ages, which is to be found in the articles Arabia ”

and Yemen ” of the ninth edition of the E*my-

bis^ry
clopcedia Britanmca, sufficiently illustrates the

expansion of Arab trade and Arab colonization

in those days when Ethiopia and Southern Arabia seem
to have been united in the closest bonds of commercial
affinity, and gold and frankincense and myrrh formed the

chief articles of commercial quest. But whilst the spread
of Arab (or Himyaritic) influence to the west and north
can be more than faintly estimated from classical records
and ancient inscriptions, there is very little said about
eastern fields of enterprise, and it is only since the waste
places of Baluchistan and the shores of Makran have been
brought under the close scrutiny of the Indian surveyor
that evidence has been collected which proves that Arab
enterprise, if not Arab empire, included a vast area of Asia
to the east of the Persian Gulf, just as it included a vast
area of Africa to the west of the Bed Sea.

Herodotus refers to Asiatic Ethiopians, but makes no confusion
between Africa and Asia as some modern historians suggest. The
historians of Alexander’s campaigns throw a casual light on the
existence of a trade in incense which could only have been carried

on by Arab merchants. In enumerating the inhabitants of
Southern Gedrosia (Baluchistan), Ptolemy mentions Arbitae, Par-
sidie (or Parsirse), and Rhamnse, whose names are too suggestive
of the Arab, Persian (or Tajak), and Dravidian ethnic occupation
of the same nature that now exists to be altogether accidental.

But it is to that invaluable anonymous record, the Periplus, and
to the discovery of many relics of the ancient trade in Egyptian
or Phoenician glass (the’^TaXos d/ry^ of the Periplus), which are to

be found in abundance on the coast ofMakran, that we are chiefly

indebted for the identification of many of the trading ports of the
Arabian Sea which would otherwise be subjects, of conjecture.

Long before the rise of Mahommed, Semitic colonies had planted
themselves in Asia to the east of the Persian Gulf, and from the
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days (early in the 1st century of our era) that the pilot Hippalus
worked out the pioblem of a regular passage between India to

Afiica by making use of the monsoon winds, Aiabia competed
with Egypt on the commeicial highways ot the ocean. The
Christian Topography of the Umm^se, by Cosmas Indicopleustes

(about A.D. 535-547), continues the story of the Peiiplus about

400 yeais later, and gives an account of the trade with Malabar
and the Eastern Aieliipelago, which is taken up again by Arab
geogiapheis of the next seven centuries. A trading colony of

Sabsean Aiabs existed at Canton at the beginning of the 7tli

centuiy. Arabian science influenced Chinese astrology, meteoio-
logy, and astionomical instruments, aecoiding to a learned Chinese
authoiity. Colonies of Arabs and Jews settled eaily in our era
on the southern coasts of Bombay, where their descendants are
to be found to this day. When Maliommedaii Arabs resorted

thither in after ages they met with a friendly reception similar

to that which their Sabsean piedecessors had obtained, and they
shared the honoured name of Moplah together with Christians.

With the rise of Mahommed and the universal acceptance of the
creed of Islam, the second chapter in the history of Arabia opens.

Hitherto Semitic instincts for tiade and barter had been the
moving spiiit of an extension of Semitic, if not of Arab influence

over the whole of the then known world. It was the enoimona
acquisition ofgeographical knowledge, supplemented by commeicial
wealth—^the accumulation of centuries of tiade, initiated no doubt
by the southern or Himyaiitic races, but gradually shared by the
northern or more distinctly Semitic tribes—^that paved the way for
the unprecedented success of Arab arms in the cause of “Jehad”
or holy war. The chief military movements directed against
Europe, Korthern Africa, and Persia, under the influence of
Islamitic religious fervour, and the almost unbroken success which
attended these movements, are already briefly recorded. But in
this record no note is made of that most remarkable episode in
Arab history which culminated in the conquest of Sind, stamped
out Greek influences on the Indus, and proved to be the one
occasion in history when India was successfully invaded from the
west. Very early in the Mahommedan era, if not before it, Arabs
from the north—i.e., from Syria—had overrun and occupied Makran
and Sistan. Several attempts to invade India were made before
the successful expedition of Mahommed Kasim in a.h. 710. Ac-
cording to latest history (Major Jarrett’s translation of kz Siynti),

Makran was subjugated in 644, and in 663 Kiimau, Sistan,
and the western mountain districts of Makran were conquered.
Two attempts to capture Debal, the port of Sind, were unsuccess-
ful. In the Caliphate of Moawiah, Abdulla bin Suwad invaded
Kaikanan (i.e., the Kalat highlands) and attempted to reach Sind
that way; but the attempt failed, and there may still be seen
near Kalat the traditional graveyard of the Arabs who fell in the
attempt. Frequent Arab incursions were made Indiawards, but
they were all by land following the Kirman and Llakran route
from Syria. Buddhism, which prevailed all through Sind and the
mountainous districts to the west, had given place to Brahmanism
about the middle of the 7th century, when the Brahman Chach
usurped the throne of Sind. But it still held its own in Bela,
between Sind and Makran, and in the border province of Gandava
(sometimes called Kandahar byArab geographers), which was known
as Budh at the beginning of the 8th century. There were great
Arab cities and a flourishing trade between east and west before
the Arabs conquered Sind. Kandabel (Gandava), Armail (Las.

Bela), Kauazbun (Panjgur), were certainly in existence before Sind
was conquered, and it is probable that many of the other towns
and cities of Makran which subsequently rose to fame and opulence,
when the great trade route to India passed through that country,
were already founded, if not already famous.
The conquest of Sind originated in the efforts of Walid (sixth

Caliph) to punish the Karak and Med pirates who had plundered
vessels from Ceylon laden with presents for the
Caliphate. These Karaks (who have left their name .

“

at Karachi) were of Scythic origin, and their ethnic
affinities may be traced on the Euxine to this day. They have
disappeared from the coasts of Baluchistan. The Meds are still

there, a humble and starved race of fisher folk now, but once a.

powCTful tribe in the Punjab and on the Indus. They, too, hailed
originally from the north. Thus the expedition finally became
partly military and partly naval

;
and it appears to be the first

Arab naval expedition in the eastern seas, although they were
about the same time occupied in the conquest of Spain fiom the
shores of Africa. It was not until two unsuccessful attempts had
been made to reach Debal that Hajjaj, the governor of Irak and
Makrdn, appointed his relative, the boy-generad Mahommed Kasim,
to the command of a fresh force, with the conquest of Sind in

immediate view, but with the ulterior object of reaching China
from the Indus. At the same time another general, Kutaiba, left

the Oxus for the same goal, and the governorship of China was
promised to whichever of the two reached that country first.

"With a force of 6000 picked cavalry, 6000 camel-men, and 8000
baggage animals, Mahommed Kasim traversed Makrdn, sending
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at the same time five catapults by sea for the purpose of reducing
Debal. He passed through Makran from west to east, destroying the
Buddhist city of Armail (Las Bela) en ro'iite, and finally captured
Debal on the 1st May 712. From that point his onward progress
was triumphant. He enlisted Meds and Jats into his army, and
by the time he had reduced Sadusan (Haidarabad) and i cached
Multan he had 50,000 men under him. He extended his conquests
northwaid to the borders of Kashmir, and established an Aiab
dynasty in Sind which lasted lor three centuries. The Caliph
Walid died in 715 (after substituting Arabic for Greek as the
language of the Indus provinces), and the tragic end ofMahommed
Kasim IS one of the epics of Arab history. These three centuries
of Arab occupation of the Indus valley mark the zenith of Arab
ascendency in Asia. In 770 the governor of Sind became governor
of Afiica, and again in 800 there was a similar transfer. Amian
was perhaps the most famous governor. His control of Smd
lasted from 833 to 841. Before the end of the 9th century
Aiab rule had commenced to decline

;
and then arose the cities of

Multan and Maiisura.

Throughout these centuries Sind maintained regular commercial
communication with the rest of the Mahommedan empire

;
with

the regions of the upper Oxus by way of Kabul and Bamian ;

with the Central Asian khanates through Zahulistan, Kanda-
har, and Heiat; with Persia and Syria and Europe through
Makran : and a host of Arab geographeis arose who have partly
recounted their own experiences as travellers, and partly (as in the
case of the best known of them, Edrisi) acted as geographical
compilers. From them we learn the enormous extent of that vast
netwoik of commercial routes which was then spread over the face

of Asia—a system of roads, caiavanserais, and mercantile centres

which has left its traces plainly written in spite of the sweeping
waves of destruction poured across it by Moghul and Tatar. The
skeletons of ancient towns and the dry channels of gieat irriga-

tion woiks in the valley of the Helmund and the plams of Sistan
witness to the former wealth of these regions under Arab rule

j
and

from Quetta to Heiat, and fiom Herat through Badghis and
Afghan Turkestan to the Oxus, there are still to be encouuteied
evidences of Arab occupation in acies of ancient ruins.

One or two of their more famous cities may be mentioned. Tiz,

now a heap of ruins and a waste of graveyards on Chahbar
bay, was once a great port of debarkation on the Makran
coast for India. It is well situated so as to avoid the full blast

of the monsoon winds across the Arabian sea. From Tiz to the
fertile valley of Kiz (or Kej), and from Kej to Kanazbun (Panjgur),

Armail (Las Bela), Manhabari (Manja, or Mugger, Pir), and Debal,

the ancient Indus port (the ruins of which are now far inland),

the most frequented of these trade routes extended its length.

Kiz and Kanazbun are described as large cities— as large as

Multan ;
and the merchants of Kanazbun were famous for their

wealth and their fair dealing. In the Indus valley such cities as

Sadusan, Mansura, and Brahmanabad outrivalled the glories of

any of our modern Indus towns.

It was doubtless during these three centuries that the Arabs
developed their genius for shipbuilding and acquired that command

of the eastern seas -which was followed by the complete
Ara. a as

(domination of the Mediterranean, As traders, Semitic
races had held their own on the seas from the earliest

^ ' dawn of history, and although they fell before the
naval power of Rome, they reasserted themselves in full force, as

Saracens, during the Middle Ages, even in the West. In the East
they struggled long for supremacy with the Turks and finally lost it,

but they were the first sea-power on the Indian Ocean and in the

Persian Gulf. The lines they originally laid down for the con-

struction of their sea-going vessels may be as distinctly traced in

the early ocean sailing ships of Portugal, Spain, Holland, and
England, as their nautical terms and astronomicalnomenclaturemay
be found in tbe mouth of the modern sailor. Many naval terms
and nearly all the astronomical divisions of the heavens are of

Arab origin. During the sovereignty of the early Caliphs an
immense impetus was given in the Baghdad schools to the study of

mathematics and the exact sciences. Borrowing their numerals
from India and the compass (as well as gunpowder) from China,
the Arabs had evolved for themselves systems of navigation and
instruments for determining the value of latitude and lonmtude,
before the close of the 12th century. About the time that Roger,
king of Sicily, employed the geographer Edrisi in the compilation

of a geographical map of the world, Abdul Hassan Ali of Morocco
wrote a treatise on astronomy which included a detailed account
of the use of instruments already well known and in the hands of

Arab navigators. Amongst them was that ingenious instrument
the astrolabe, by means of which observations for latitude could

be obtained. Longitude was determined then, as now, by the
differences between clock and sun time. It seems, indeed, almost
incredible that the route to India vid the Cape of Good Hope
should have been left to Portuguese navigators to discover ; for tbe
Arabs certainly knew how to traverse tbe Indian Ocean centuries

before the arrival of Vasco de Gama. It is possible that that great
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Portuguese adventurer made use of Arab pilots in his voyages of

discovery, AVith the rise of schismatics and the hiith of those
heiesies which, under the name ot Khaiiji, Khesaja, Shaiiite,

Ismailite, Karmatian, &c., spread their roots afar fiom Syria to

Mecca and from Mecca to the Indus, the power ot the Aiab mthe
East rapidly waned, duet amongst these sects were the Karmatians.
We hear of them fiist m the days when the power of the Cali-

phate was declining, eie the reign of AI Muktadar (908-932), by
which time the links w’-ere already aggressive. By then tlu

Karmatian heretics had brought themselves into prominence by
plundering Kufa, Basra, and Samara, and even earned off tlie

sacred stone trom Mecca. They aie not mentioned by Ibn Haukel
as being in the Indus valley in the 10th century, but it could
not have been long afterwards that they appeared as refugees from
Bahrein and El Hasa. About 985 they founded new settlements
on the Indus, and shortly afterwards were in possession of Multan
and Mansuia. Mahmud of Ghazni captured Mansura, about 1036,
on Ms return from Somnat, being alieady in possession of

Khozdar (Kalat) and Multan, and thus practically closed the eia

of Arab ascendency in Sind. He restoied the old mosque at

Multan, built by the Ummayide Caliphs and destroyed by the
Karmatians. There is a peculiar interest attaching to these

‘‘people of the veil,*’ for they were in close communication with
the mediaeval schismatics of Syria, the Hashashm, the Ismail-

ites, the Druses, and others of those mystical sects who weie
indebted to the East for their philosophy and theology and those

mystic creeds which ended in puie atheism. The Ghazni lule did
not last long. It was soon replaced by the Sumra dynasty of

Mahommedan Rajputs, which lasted for three centmies. One of

the Sumra rajahs at least was a Karmatian. Pure-bied Arabs had
almost disappeared from Sind ere the rise of the Karmatians. It

is said that the first Ghaznivide governor of Multan found hut very
few Arab families remaining

;
but Baluchistan still continued to

attract them, and although the Aiabic tongue has disappeared
from the regions east of Peisia, there is not a tribesman who boasts
the title of “asl” or “pme** Balueh, who does not claim Arab
descent and associate his ancestry with the tribe of Khoreish. In
many cases this claim is obviously without foundation, but theie
is still a powerful confederation ot tribes calling themselves Rind,
whose appearance, manners, and traditions aie undoubtedly
Semitic. They exist in the low-er parts of the Kej valley of Makran,
separated by the country of the Braliui from the Indus bolder
Rinds, who occupy the highlands south and east of Quetta under
the name of Harris, Bugtis, Bozdars, &c. The Arab tribes (^ r

tribes of Arab extraction) on the Balueh bordeilaiul include the
best and finest amongst the many peoples of varied origin who
occupy positions of independence in the frontier hills.

There is but little to record of evidences in stone and brick of

the Arab conquest of Sind. Long lines of tombs, stone-built and
massive, are to be seen at Tatta, all of wMch are of Mahommedan
design, but probably of later date than the days of Mansura and
Brahmanabad. The best known and the most interesting relics

are the curious double-chambered tombs (the two chambers forming
a double storey), richly ornamented with geometric designs, and
decorated with the true Saracenic arch, which exist in groups
throughout southern Sind and the Las Bela borderland. They
always exist apart from the visible remains of destroyed cities, being

themselves often in a remarkable state of preservation, and con-

spicuous objects in tbe landscape by reason, of the elevated sites

which have been selected for their building. These arc attributed

to an Arab race called Kalmati, who are said to have originally

migrated through Makran from Oman and who, in the course of

their migration, settled on the shores of the Kalmat Khaur, one
of the harbours of the southern coast near Pasni, The name
Kalmat is so old as to be recognized as the “ Kalama of Nearkos

;

so that it is probable that the comparatively recent tribe of

southern Arabian origin who, under that name, formed a powerful

community in southern Sind within historic times, and nave left

behind them by far tbe most perfect Arab monuments to be found
on the borders of India west of the Indus, adopted the name of

their temporary resting-place in Makran. Scattered remnants of

the tribe are said still to be found in Sind.

Turkish sovereignty is now paramount througli all

Western Arabia, from Palestine to the strait of Bab-

el-Mandeb, as well as through Eastern Arabia,

from Basra, on the Euphrates, to the boundaries

of Oman, The cultivated districts of the southern

coast are divided between British occupation and that of

independent tribes
;
the central deserts are still the home

of the Beduin ;
and the highlands of Nejd are divided

between two independent chiefships, each of which is

of doubtful territorial extent, but considerable political

significance. *

The condition of Arabia about the middle of the 19th century,
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when the Wahabi stretched his rule across the peninsula from the

Red Sea to the Persian Gulf ;
when Hasa, Harik, the whole of Nejd,

Kasim, Asir, and the provinces adjoining Yemen on the north

were united under the sceptre of Fey&iil, has been well described

by Palgrave. In 1870 Feysul, aged and blind, was assassinated,

and dissensions arose which led immediately to the decline of

Wahabi power, and gave opportunity to the Turk. A Turkish

foice was despatched into the province of Hasa on the east,

and occupied its capital, Hofhuf
;

and about the same time

Tuikish interference asserted itself on the west in Asir (between

Yemen and Hejaz), and in the inland provinces of Shammar. In

1871 a Turkish army from Syria tentatively established Ottoman
sovereignty in Yemen, at the invitation of the Yemenis themselves ;

but Palgrave considered (with good leason at the time he wrote)

that Yemen would not remain long under Turkish rule. The
Turks have, howevei, not only retained their hold on Yemen, but

they have rather consolidated than weakened their authority in

the Shiah province of Asir, and extended it indefinitely into the

hinterland which borders the central desert on the east of Yemen.
In Hejaz their authority has never been doubtful, so that all the

fertile and populous districts of Western Arabia bordering the Red
Sea are now under Ottoman rule ; and this rule is only limited on
the south by the British occupation of Aden and the consequent
extension of British influence into the adjoiniug districts. No
definite boundaries exist ; bnt the southern frontier of Turkish
Arabia is placed by the most authoiitative maps in a position a
little to the south of Kataba. Kataba is about eighty miles due
north of Aden, well within the limits of the mountain districts,

which here attain to altitudes of 7400 and 7700 feet above sea, as
detezmined by the latest Indian surveys. From a point south of
Kataba, which roughly forms the apex of the triangular division of

Southern Arabia included within Aden jurisdiction, the partition

line between Turkish Arabia and the Aden districts runs irregularly

past Tez (a town south of Ibb on the main northern caravan route)
to a point on the coast line of the promontory of Sheikh Said,

about seventy miles to the west of Aden. Here the Turks have
constructed a fort and established a permanent military post at
Turba. The guns of the fort do not command Perim, and the object
of the occupation is doubtful. It is to this position that the French
have advanced a shadowy claim. On the east the division between
Aden and Yafi territory reaches from Kataba to the coast, near
Shukra, about sixty miles east of Aden. From this point to the
borderland of the fertile province of Oman, which occupies the
south-eastern corner of the peninsula, the cultivated and habitable
districts of the southern coast aie under the independent rule of
local chiefs who boast (according to Palgrave) an independence of
barbarism and poverty which is in great contrast to the organized
and progressive governments of the Arab sheikhs of Central Arabia.
This hardly agrees with the latest illustration of the conditions of
Arab existence in Hadramut afforded by the explorations of Bent.
Hadramut is in direct touch with civilizing influences at Haidara-
bad in the Deccan of India ; and in that city many of its chiefs are
to be found serving the Nizam. Indigenous Arab government,
undisturbed by Ottoman rapacity or by internal dissensions, in-

variably demands respect. In Southern Arabia, at the present
time, it is probably to be found at its best. The province of Oman
has always succeeded in maintaining its independence ofTurkey, and
is now under the rule of a member of tlie same Yemenite dynasty
of Imams that has existed since the province was first de-
livered from the yoke of Persia, about the middle of the 18th
century. The Turks are as firmly established in El Hasa, to
the north of Oman, as they are in Hejaz, in Western Arabia.
Hofhuf, the capital of El Hasa, is about 40 miles from Ajer, on
the coast, and from 90 to 100 from Katif. Here, and at El Bidia,
is a small garrison of regular Turkish troops. At Katif, where
there is nothing but an old fort facing the sea, a force of zaptieh
(Turkish gendarmerie) represents Ottoman authority. El Hasa is

governed by a Turkish lieutenant-governor under the Wali of
Basra. In 1886 the Turks commenced the construction of a fort
at Fao, nearly opposite Mohamrah, on tlie lower Euphrates, which
effectually dominated the channel of that river. This was in direct
contravention of their treaty engagements with Persia. In con-
sequence of representations made to the Porte by the British
Government, the work was suspended some years ago, and guns
were never placed in position

; but the mceMe of the fort remains
exactly as first coustructed. In the Nejd or highlands of Central
Arabia the political divisions of the countrj* are represented by two
independent Arab states, governed by the emirs of Jebel Shammar
and Eiad respectively, Ibn Rashid of Jebel Shammar, lately
deceased, was reckoned to be the most important political person-
age amongst Arab chiefs of the present day. He was said to
possess a bodyguard of 1000 mounted negroes, whose steeds were
arrayed in silver harness. He was undoubtedly a strong and
capable ruler. The two emirs or sheiks are independent of each
other

;
but both admit Turkish influence, whilst they repudiate

Turlrish sovereignty. The Turks themselves, for political reasons,
still include all the Wahabi territory which they once dominated

B I A
under the term Nejd in their official documents, and they main-
tain their nominal lights as conquerors over the country. Prac-

tically, they do not interfere with the local Arab governments,
which appear to he strong, progressive, and equitable.

Tuikish authority in Yemen has never been established on the

film basis which supports it in El Hasa aii<l Hejaz. Turkish
misrule and oppiession have, no doubt, much to answei

Yemen
for in promoting the rebellions and distuibances which,

with but intermittent periods of rest from exhaustion,

have harassed Yemen since 1891. But it must be remembered
that the pi evince of Asir, noith of Yemen, in which these rebellions

commenced, is a Shiah district, allied by religious principles to

Yemen rather than to the orthodox province ot Hejaz, and that

there are some 600,000 Wahabis, as well as upwards of 2,000,000
Shiites in Yemen who do not recognize the Caliphate of the sultan

in any way, and who will always dispute Ottoman sovereignty

when an opportunity may arise which promises success. The easy

and slack government of the Shiah Imam of Yemen had terminated
in something approaching to general anarchy in the country in

1871, when the Yemenites rashly invited Turkish intervention.

The Turks came from Hodeida, and, more mOj they came to stay.

Although the Imam survived the Turkish occupation of Sanaa, the
capital of Yemen, he existed only as a Turkish pensioner, and the
Arab tribespeople soon found themselves little better than Turkish
slaves. Acts of oppression and violence on the part of the Turkish
authorities led to a revolt which commenced with resistance to tax-

collecting on the part of an Asir tribe, the Beni Meruau, in 1891.

Turkish rule had never been more than nominal in Asir, and so long
as the Beduin rulers of Hejaz withheld their support it was of no
great political significance. But the first reverse sustained by
the Turkish troops (who took the field unprepared, and were
defeated with a loss of 400 men in the early stages of the rebellion)

set all Yemen aflame, and in a very short time the insurrection

included all tribes south of Asir, excepting the Bedinn of the
Tehama. A Turkish force which landed at Hodeida under Ahmad
Feizi Pasha—formeily governor of Mecca—checked its progress for a
time. Manakha was retaken, Sanaa relieved, and Ismail Pasha
was despatched to crush the rebellion in the south. Here a rapid
collapse of the insuirection ensued, and, with 40,000 Turkish
troops in Yemen, it appeared in 1893 as if resistance was at an
end. The northern mountain districts, however, were but half
subdued, and with but small provocation the flame has burst out
again and again with intermittent persistency ever since. In May
1895 the British vice-consul was murdered. Eaily in 1896 fight-

ing between the Ateyba and Harb tribes was reported ; and the
disturbances culminated with a partially successful assault upon
Yambo (where the governor was wounded in the conflict) and in a
mutiny at Jidda. It was decided to build forts at Jidda, and
to despatch further reinforcements

;
but the record of the next

two years still continued to be one of local disturbance through-
out the country, and of more or less organized rebellion in

certain parts of it. The plundering propensities of the Wali, and
the unrest which is the invariable sequel of famine, led to another
serious rising in 1899, and to the despatch of 22,000 troops and
7 batteries of artillery from Mecca. In May 1899 the Turks
suffered a severe reverse at the hands of the Beduin, led by the
Imam ; but another hard-fought battle took place in June, in
which the Turks were successful. In October of the same year 35
regiments, each 400 strong, left Constantinople for Upper Yemen ;

and since then, although, according to report, there have been inter-

mittent fighting and active rebellion from time to time, it is clear

that on the whole the Turks have not only maintained their
position but have annexed new country and extended their occu-
ation to the eastern hinterland of Yemen. Turkish occupation
as doubtless favoured the interests of Great Britain in Yemen by

affording some sort of guarantee for the safety of trade routes.
The greater part of the Yemen trade now flows to Aden. The
anarchy which preceded Turkish rule affected not only local trade
but the importation of European goods from the Persian Gulf.

As might be expected from the close connexion which exists
between commercial Arabia and India, trade prospects have suffered
considerably from the influences of famine and plague of rradR
late years. The Jidda trade in 1897 showed a falling off

of nearly £51,780 (or 8 per cent.), reducing the total import value to
about £645, 000. On the other hand, trade with Egypt (which, curi-

ously enough, includes the importation of a considerable amount of
Brazilian coffee) is increasing rapidlv. The chief imports are rice,

wheat, and manufactured goods. The decrease in the value of the
latter alone amounted to £35,740. Exports (chiefly hides, gum, and
mother-of-pearl) also show a decrease, the total value only amount-
ing to £19,250. Hodeida has suffered equally from the general
depression of trade, although the want of a harbour must be
reckoned as a permanent drawback to trade with this port.
The total imports (piece goods, food stuffs, spices, and dates,
chiefly) were valued in 1897 at £705,200, and the exports at
£712,660. The latter are mostly coffee and hides, the value of
the coffee export alone being over half a million. The products
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of Yemen are almost exclusively agricultural. Coffee, dates,
vegetables, and fruit from the hills, with rock-salt, iron, and
coal from the Tehama and lowlands, are the chief items in the
tiade reports, the lowland productions being inconsiderable. The
Yemenis (estimated at 3,000,000 souls) weave a kind of coarse
cloth, and they dye American cloth goods, and build ships

; but
they have apparently no other industries. Eastern Arabia con-
tributes something to the trade of the Persian Gulf. Bahrein
is answerable for an export of nearly half a million in value,
and an import of £550,000. The fonnei includes dates, nee,
pearls, and specie as the principal items, the value of the pearl
export in 1898 being nearly £300,000. The imports include
conee, dates, piece-goods, rice (in large quantities from India, and
of the very best quality, much of which is exported to the main-
land), pearls, and metals. Of the total export value of £387.000
from the Arab coast ports in 1898, £357,700 worth went to Persia,

and of that amount £343,750 is included under the head “pearls."’

This indicates that Linja, on the Persian coast, is the gieat trade
mart for pearls of the Gulf

; and that Arab trade, independently of
this valuable item, is inconsiderable. The rice trade with India is

that which figures most largely in the general commercial record of

trade with ports outside the Gulf, and this, no doubt, is important.
(For Aden trade see Aden.)
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Ara.bista.n, formerly known as Khdzistan, a
province of Persia, bounded on the S. by the Persian

Gulf, on the W. by Turkish territory, on the N. by
Lurist^n, and on the ‘E. by the Bakhtiari district and
Pars. It is now subdivided into the districts of Mu-
hamrah. {q-v,\ Pellahiyeh (the old Dordk), Edm-Hormuz
(popularly known as E4miz), Havfzeli, Shushtar, and

has a population of about 200,000 (mostly Arabs),

and pays a yearly revenue of about ^30,000. The soil

is very fertile; but since the dam over the Karun at Ahvaz
was swept away, and the numerous canals which diverted

the waters of the Karun and other rivers for irrigation

were neglected and became useless, a great part of the

province is uncultivated, and most of the crops depend
for water on rainfall or the overflowing of the rivers.

The district of Shushtar, with the cify of same name, 22
villages, and about 3700 families of the Kunduzlfi, S4d,Anafljeh,
and Al-i-Kethir tribes, has a population of about 40,000, and pays
a yearly revenue of about £6000. The city, with a population of
about 15,000, is situated at an elevation of 400 feet at the point
where the Karun river bifurcates into the Ab-i-Gerger and Shutait,

in 32“ 3' H. lat. and 48“ 53' E. long.

The district of Dizftjl, with the city of same name 12 villages,

and 1000 families of the Al-i-Kethir tribe, has a population of
about 40,000, and pays a yearly revenue of about £6000. The
city has a population of about 25,000, and is situated on the left

hank of the Ab-i-Diz at an elevation of 600 feet in 32“ 25' N. lat.

and 48“ 28' E. long. (a. h.-S.)

Ara.bkil*, a prosperous town of Asia Minor, in the
Memuret bI-Azlz, or Kharpiit viUyet, situated on an
elevated plateau, near a small tributary of the Euphrates.
Its large Armenian population suffered severely during the
massacres of 1895. Population, before 1895, 20,000
(Moslems, 1 1,000 ; Christians, 9000).

Ara.cajU| a city and port of Brazil, capital of the

state of Sergipe. The town was founded in 1855, and
has now a population of about 10,000. It has a hospital,

high school, normal school, a number of churches, and
other public buildings.

Ara.ca.tyi a town and port of Brazil, in the state of

Ceara, with a population of 18,000. It is an important

commercial centre, visited by several lines of coastwise

steamers.

AEACHNIDA.

AEACHNIDA is the name given in 1815 by Lamarck
(Greek, dpdxvrj, a spider) to a class which he in-

stituted for the reception of the spiders, scorpions, and mites

previously classified by Linnseus in the order Aptera of his

great group Insecta. Lamarck at the same time founded

the class Crustacea for the lobsters, crabs, and water-fleas,

also until then included in the order Aptera of Linnseus.

Lamarck included the Thysanura and the Myriapoda in

his class Arachnida. The Insecta of Linnaeus was a

group exactly equivalent to the Arthropoda founded a

hundred years later by Siebold and Stannius, It was thus

reduced by Lamarck in area, and made to comprise only

the six-legged, wing-bearing “ Insecta,” For these Lamarck
proposed the name Hexapoda

;
hut that name has been little

used, and they have retained to this day the title of the

much larger Linnaean group, viz., Insecta. The position of

the Arachnida in the great sub-phylum Arthropoda, accord-

ing to recent anatomical and embryological researches, is

explained in another article (Arthropoda). The Arach-

nida form a distinct class or line of descent in the grade

Euarthropoda, diverging (perhaps in common at the start

with the Crustacea) from primitive Euarthropods, which
gave rise also to the separate lines of descent known as

the classes Diplopoda, Crustacea, Chilopoda, and Hexa-
poda,

Idmulzcs an Arojclmid,—Modern views as to the classifi-

cation and afifinities of the Arachnida have been determined

by the demonstration that Limulus and the extinct Eury-

pterines (Pterygotus, <fec,) are Arachnida ;
that is to say, are

identical in the structure and relation of so many important

parts with Scorpio, whilst differing in those respects from

other Arthropoda that it is impossible to suppose that the

identity is due to homoplasy or convergence, and the con-

clusion must he accepted that the resemblances arise from
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close genetic relationship. The view that Limulus, the

king-crab, is an Arachnid was maintained as long ago as

1829 by Straus-Durkheim (1), on the ground of its posses-

sion of an internal cartilaginous sternum—also possessed by
the Arachnida (see Figs. 1, 2, 3, 4, 5, and 6)—and of the

sinailarity of the disposition of the six leg-like appendages

around the mouth in the two cases (see Figs. 45 and 63).

The evidence of the exact equivalence of the segmentotion

and appendages of Limulus and Scorpio, and of a number
of remarkable points of agreement in their structure, was

Fio 1 —Entosternum, eatostermte or plastron ot Limulus polyphemus, Latr.
Dorsal surface. LAP, left anterior process

,
RAP, nght anterior process ;

PhN, pharyngeal notch ; ALR, anterior lateral rod or tendon , PLR,
posterior lateral rod or tendon ; PLP, posterior lateral process. Natmal
size. (Prom Lankester, Q. J 2>Iic sa N S. vol. xxiv. 1884.)

furnished by Lankester in an article published in 1881
(“Limulus an Arachnid,’’ Quart. Jmrn. Micr. Sci vol.

xxi. N.S.), and in a series of subsequent memoirs, in
which the structure of the entosternum, of the coxal
glands, of the eyes, of the veno-pericardiac muscles, of the
respiratory lamellae, and of other parts, was for the first

time described, and in which the new facts discovered were
shown uniformly to support the hypothesis that Limulus
is an Arachnid, A list of these memoirs is given at the
close of this article (2, 3, 4, 5, and 13). The Eurypterines

surface of the entosternum of Lvtrwdus pclyphemus, Latr.
Letters as in Fig. 1 with the addition of NF, neural fossa protecting the
agg^ted ganglia of the central nervous system; PVP, left posterior
ventral process; PMP, posterior median process. Natural size. (Prom
Xjankester.)

(Gigantostraca) were included in the identification,
although at that time they were supposed to possess
only five pairs of anterior or prosomatic appendages.
They have now been shown to possess six pairs (Fig. 47),
as do Limulus and Scorpio.

The various comparisons previously made between the
structure of Limulus and lie Eurypterines on the one
hand, and that of a t;^ical Arachnid, such as Scorpio, on
the other, had been vitiated by erroneous notions as to the
origin of the nerves supplying the anterior appendages of
limulus (which were finally removed by Alphonse Milne-

PiG. 3.~Entostemuni of Scorpion (Pcdanwceus indus,
De Geer) ; dorsal surface. ai>p, paired anterior
process of the sub-neural arch; sup^ sub -neural
arch ; ap, anterior lateral process (same as RAl^
and LAP in Fig 1) ;

Imp, lateral median process
(same as ALR and PLR of Fig. 1) ; pp, posterior
process (same as PLP in Fig- 1) ; pf, posterior flap
or diaphragm of Newport ; and m^, perforations
of the diaphragm for the passage of muscles

;
DR,

the paired dorsal ridges ; GO, gastric canal or fora-
men

; AC, aitenal canal or foramen. Magnified
five times lineai. (After Lankester, loc, cit

)

Edwards in his beautiful memoir (6) on the structure of

that animal), and secondly by the eiioneous identification

of the double sternal plates of Limulus, called “ cbilaria,”

by Owen, with a pair of appendages (7). Once the
identity of the chilaria with the pentagonal sternal plate

of the scorpion is

identification first

insisted on by j/
Lankester — the

whole series of

segments and ap- lurmz't

pendages in the

two animals,
Limulus and
Scorpio, are seen

to correspond
most closely, seg- (

' "
' / JaiiL.' ’Ir

ment for seg-

ment, with one ^2 m-.

another (see Figs. „ „
*

^
»7 1 Q\ rp^ Fig. 3.—Entostemum of Scorpion
I anCL oj. J-Jie De Geer); dorsal surface. Obp, paired anterior

structure of the process of the sub-neural arch; sup, sub -neural
arch ; ap, anterior lateral process (same as RAl^

prosomatic ap- and lap m Fig 1); Imp, lateral median process

•npTidftapq nv Ipo-q 1); PP> posteriorpenuaj^eb or legs process (same as PLP m Fig- 1) ; pf, posterior flap

is also seen to diaphragm of Newport ;
wii and wi2, perforations

of the diaphragm for the passage of muscles
;
DR,

present many the paired dorsal ridges ; GC, gastric canal or fora-

siD-nifiofl-nt aitenal canal or foramen. MagnifiedSlgmncam points
five times Imeai. (After Lankester, Zoc.

of agreement (see

figures), but a curious discrepancy existed in the six-jointed

structure of the limb in Limulus, which differed from the
seven-jointed limb of Scorpio by the defect of one joint.

Mr R. I. Pocock of the British Museum has lately observed
that in Limulus a marking exists on the fourth joint, which
apparently indicates a previous division of this segment
into two, and thus establishes the agreement of Limulus
and Scorpio in this small feature of the number of seg-

ments in the legs (see Fig. 11).

It is not desirable to occupy the limited space of this
article by a full description of the limbs and segments of
Limulub and Scorpio. The reader is referred to the com-

plete series of figures

7ns» 771? pace,” or carapace of

Fio. 4.—Ventral surface of the same euto- the prosoma, in both
sternum as that drawn in Pig. 3. Letters as Limning and Snorniom Fig. 8 with the addition of NO, neural

ana OCOrplO
canal or foramen. (After Lankester, loc. ait.) (see FlgS. 7 and 8).

This region corre-
sponds in both cases to six somites, as indicated by the
presence of six pairs of limbs. On the surface of the
carapace there are in both animals a pair of central eyes
with simple lens and a pair of lateral eye-tracts, which in
Limulus consist of closely-aggregated simple eyes, form-
ing a “compound” eye, whilst in Scorpio they present

7»'.-

—

A

^ The discussion of the segmentation or metamerism of the
Arachnida in this article should be read after a perusal of the article
Abthbopoda by the same author.
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several separate small eyes. The microscopic structure

of the central and the lateral eyes has been shown by
Lankester and Bourne (5) to di&r

;
but the lateral eyes

(o o

}

Fia, 5.— Entostemum of one of the
inygalomorphous spiders ; dorsal
surface. Ph.K, pharyngeal notch.
The three pairs of rod-like tendons
correspond to the two similar pairs
in Limnlus, and the posterior
median process with its repetition
of tnangular segments closely
resembles the same process m
Limnlus. Magnified five times
linear. (From Lankester, loc. cit)

Fig. 6.—Ventral surface of the same
entostemum as that drawn in
Fig. 5. Ph.N., pliaryngeal notch.
Behind it on the body of the
entostemum is seen the neural
fossa, as m Pig. 2. (After Lan-
kester, loc, oit)

^xin

of Scorpio were shown by them to be similar in structure

to the lateral eyes of Limulus and the central eyes of

Scorpio to be identical in structure with the central eyes

of Limulus (see below).

Following the prosoma is a region consisting of six

segments (Figs. 14 and 15), each carrying a pair of plate-

like appendages in both Limulus and
Scorpio. This region is called the ^

mesosoma. The tergites of this

region and those of the following

region, the metasoma, are fused to

form a second or posterior carapace

in Limulus, whilst remaining free in

Scorpio. The first pair of foliac^ous

appendages in each animal is the

genital operculum; beneath it are

found the openings of the genital

ducts. The second pair of nieso-

somatic appendages in Scorpio are

known as the “ pectens.” Each con-

sists of an axis, bearing numerous
blunt tooth-like processes arranged

in a series. This is represented in

Limulus by the first giU - bearing

appendage. The leaves (some 150
in number) of the gill -book (see

figure) correspond to the tootb-like

processes of the pectens of Scorpio.

The next four pairs of appendages
(completing the mesosomatic series

of six) consist, in both Scorpio

and Limulus, of a base carrying

each 130 to 150 blood-holding,

leaf-like plates, lying on one an-

other like the leaves of a book.

Their minute structure is closely

j
similar in the two cases

;
the leaf-

like plates receive blood from the
H great sternal sinus, and serve as

m respiratory organs. The difference

N between the gill-books of Limulus

V and the lung-books of Scorpio de-

pends on the fact that the latter

are adapted to aerial respiration,

while the former serve for aquatic

(gen.)
respiration. The appendage carry-

ing the gill-book stands out on
the surface of the body in Limulus,

and has other portions developed

fxiv
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PA

Fig. 8.—Diagram of the
dorsal surface of a Scor-
pion to compare with
Fig. 7. Letters and
Roman numerals as in
Pig. 7, excepting that VII
is here certainly the
tergumof the first somite
of the mesosoma — the
genital somite—and is not
a survival of the embry-
onic prsegemtal somite.

(Prom Lankester, loc. cit.)

The anus (not seen) is on
the sternal surface.

Fig. 7.—^Diagram of the dorsal surface ofLimilus polyplimus. oc, Lateral compound
eyes; oc', central monomeniscons eyes; PA, post-anal spine; I

appendage-bearing somites of the prosoma; VII, usually considered to be the

tergumof the genital somite, but suggested by Mr. Pooock to be that of the

otherwise suppressed prmgenxtal somite ; VIII to ZIII, the six som^s of the

mesosoma, eadi with a movable pleural spine and a pair of dorsal entopophyas
or muscle-attaching ingrowths: XIV to XVIII, the confluent or unexpr^sed six

somites of the metasoma. (From Lankester, Q, J. Micr. Sd, 'voL pa. 1881.)

According to the system of numbering explained in the text, if VIl is the tergum
of the prsegenital somite (as is prol^le) it should be labelled Prff without any
number, and the somites VlII to XIH should be lettered! to 6, indicatmg that

they are the six normal somites of the mesosoma ; whilst XV to XVIII should be
replaced by the numbers 7 to 12—an additional suppressed segment (making up
the typical six) being reckoned to the metasomatio fusion.

xn

m
xivtoxvin Anuu

Pio. 9,—Ventral view of the posterior carapace or meso-meta-somatic

(opisthosomattc) fusion of Lim/iUm pcHyph^us. The soft ii^^ument
and limbs of the mesosoma have been removed as well as all the visc^
and muscles, so that the inner surface of the terga of these somites with

their entopophyses are seen. The uns^mented dense chitinous sternal

plate of the metasoma (XIII to XVIII) is not removed. Letters as in

7, (After Lankester, loc. cit.)

^ ^



522 ARACHNIDA

-XL*rj-

besides tbe gill-book and its base ;
it is fused with its

fellow of the opposite side. On the other hand, in Scorpio,

the gill-book-bearing appendage has sunk below the sur-

face forming a recess or chamber for itself, which com-

municates with the

exterior by an oval

or circular “stigma”

(Fig. 10, That
this in-sinking has

taken place, and
that the lung-books

or in-sunken gill-

books of Scorpio

really represent ap-

pendages (that is to

say, limbs or para-

podia) is proved by
their developmental

history (see Figs. 17

and 18). They
appear at first as

outstanding pro-

cesses on the sur-

face of the body.

The exact mode
in which the in-

sinking of super-

ficial outstanding

limbs, carrying gill-

lamellae, has histori-

cally taken place
Fio. 10.—Ventral Tiew of a Scorpion, PaZflwtTWBiw i v

ZTidus, De Geer, to shovr the arrangement of the uas been a matter
coxae of the htnbs, the sternal elements, genital Qf mUch SPeCUla-
plate and pectens M, month behind the oval . _ ^

j. u
median camerostome ; I, the chelicer® ; II, the tion. it was tO be
chel* ; III to VI, the four pairs of walking legs; jinTipd that the
Vlli^o, the genital somite or first somite of the J^opea tnat tne
mesosoma with the genital operonlnm (a fused specimen 01 the
pur of limbs); VIIIp, the pectiniferous somite;
IXst(^ to Xllst^, the four pulmonary somites ;

Silurian SCOrplOn
met, the pentagonal metastermte of the prosoma /palseonhonUS^from
belimd all the cox®, x, the sternum of the

pectiniferous somite
; y, the broad first somite bCOtlanct, SJtlOWing

of the metasoma, ventral surface

of the mesosoma (Fig. 49), would throw light on this

matter; but the specimen recently carefully studied by

the writer and Mr Pocock reveals neither gill-hearing

limbs nor stigmata. The probability appears to be

against an actual introversion of the appendage and its

lamellae, as was at one time suggested by Lankester. It

is probable that

such an in-sinking

as is shown in the

accompanying dia-

gram has taken

place (Fig. 15);
but we are yet in

need of evidence

as to the exact

equivalence of

margins, axis, <fec.,

obtaining between

the lung-book of Fig. ll.—Third leg of LimvXus polyphmus, showing

ATi/l tbA the division of the fourth segment of the leg by a
OGorpiQ ana

^

i»ae
groove S into two, thus giving seven segments to

gill-book of Limu- we leg as in Scorpion. (From a drawing by Mr.

lus. Zoologists are

familiar with many instances (fishes, crustaceans) in which
the protective walls of a water-breathing organ or giU-

apparatus become converted into an air-breathing organ or

lung, but there is no other case known of the conversion

of gill processes themselves into air-breathing plates.

The identification of the lung-books of Scorpio with the

gill-books of Limulus is practically settled by the existence

of the pectens in Scorpio (Fig. 14, VIIL) on the second

mesosomatic somite. There is no doubt that these are

parapodial or limb appendages, carrying numerous im-

bricated secondary processes, and therefore comparable in

essential structure to the leaf-bearing plates of the second

mesosomatic somite of Limulus. They have remained un-

enclosed and projecting on the surface of the body, as once

were the appendages of the four following somites. But

Fig. 12.—The proBomatic appendages otlAwuluspolyphemus (light) and Scorpio

(left), Palamnceus indus compared. The corresponding appendageh aie

marked with the same Roman iiumeraL The Arabic numerals indicate the

segments of the legs, cox, coxa or basal segment of the leg ;
sic, the

stemo-coxal process or law-like up-growth of the coxa ; epc, the articulated

movable outgrowth of the coxa, called the epi-coxite (present only in III

ot the Scorpion and III, IV, and V of Limulus); exi, the exopodite of the

sixth limb of Limulus
,
a, i, c, d, movable processes on the same leg (see

for some suggestions on the morphology of this leg, Pocock in Quart. Journ.

after. Set. March 1901 ; see also Fig 50 below and explanation ) (From
Lankester, loc. mt )

they have lost their respiratory function. In non-aquatic

life such an unprotected organ cannot subserve respiration.

The “pectens” have become more firmly chitinized and

probably somewhat altered in shape as compared with their

condition in the aquatic ancestral scorpions. Their pre-

sent function in scorpions is not ascertained. They are

not specially sensitive under ordinary conditions, and may
be touched or even pinched without causing any discom-

fort to the scorpion. It is probable that they acquire special
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sensibility at tbe breeding season and serve as “guides”
in copulation. The shape of the legs and the absence

of paired terminal claws in the Silurian Palaeophonus
(see Figs. 48 and 49) as compared with living scorpions

soft tissues of the sternal region so that the lamellce cannot
be detached and presented as standing out from it. The
apparent asis or basal support of the scorpion’s lung-books

shown in the figures, is a false or secondary axis and merely

a paz't of the infolded surface which forms the air-chamber.

The maceration of the soft parts of a scorpion preserved

in weak spirit and the cleaning of the chitinized ingrown
cuticle give rise to the false appearance of a limb axis

Si
Fig, 13.—Diagrams of the meta-stemite U, with genital oper-
culum opj and the first lamelligerous pair of appendages {/a,

with uniting sternal element si of Scorpio (left) and Limulus
(nght.) (From Lankester, loc. at.)

Ammm-Q

PI

(see Fig. 10) show that the early scorpions

were aquatic, and we may hope some day
J — ] \

in better-preserved specimens than the two
\
J

1

^

as yet discovered, to find the respiratory
\ J

‘

oigans of those creatures in the condition A
of projecting appendages serving aquatic

respiration somewhat as in Limulus, though

not necessarily repeating the exact form of

a -nl :i+oe 1 iTvinln c FiG. 15.—The remaining three pairs of mesosomatic appendages of Scorpio and Limulus. Letters asme oroaa piares Ol Uimuius.
^

mPig. 14 nao indicates that there are 130 lamellae m the Scorpion’s lung-book, whilst 1150

It is important to note that the series indicates that iso similar lameUse are counted in the gill of Limulus. (Alter Lankester, Zoc.

of lamellae of the lung-book and tbe gill-

book correspond exactly in structure, the narrow, fiat, blood- carrying the lamell*]e. The margins of the lamellae of the

space in the lamellae being interrupted by pillar-like June- scorpion’s lung-book which are lowermost in the figures

tions of the two surfaces in both cases (see Lankester (4)), (Fig. 15) and appear to be free are really those vrhich are

and the free surfaces of the adjacent lamellae being covered attached to the blood-holding axis. The true free ends

with a very delicate chitinous cuticle which is drawn out are those nearest the stigma.

into delicate hairs and processes. The elongated axis which Passing on now from the mesosoma we come in Scorpio

vii vir to the metasoma of six segments, the first

^ p of which is broad whilst the rest are cylin-

V A
I ^ I

^ drical. The last is perforated by the anus

^ carries the post-anal spine or sting.

11 The somites of the metasoma carry no

ip y'- 1/ 1 1 B / (

X^arapodia. In Limulus the metasoma is

practically suppressed. In the allied ex-

Eurypterines it is well developed,

viu ^ and resembles that of Scorpio. In the

' embryo Limulus (Fig. 42) the six somites

mesosoma are not fused to form a

carapace at an early stage, and they are

followed by three separately marked meta-

somatic somites; the other three somites

Q - metasoma have disappeared in

IX
^ I^iniulus, but are represented by the un-

^ Z ~ segmented pr^anal region. It is probable

> — i I \
^ metasoma of Limulus

S
~

7 \ yiT a case of the disappearance of once clearly

f y V S demarcated somites. It would be possible
~~==^S3||:=—

^ to suppose, on the other hand, that new

Pig. 1A—The first three pairs of mesosomatic appendages of Scorpio and Limulus compared. VII, SOmiteS are only beginning tO make their
the genital operculum ; VIII, the pectens of Scorpio and the first branchial plate of Limulus ; IX, ar^i-\fxQrar\f^P‘ Iia-tp TTip^ ‘hfilflTirp of varinna
the first pair of lung-books of Scorpio and the second branchial plate of Limulus , gp, genital pore ;

appearance Uere. i ne oaiance 01 V^ous
epstj epistigmatic sclerite ;

stg^ stigma or orifice of the hollow tendons of the branchial plates of considerations is against the latter hypO-
Limulus. (After Laukester, loc. cit

)

opens at the stigma in Scorpio and which can be cleared

of soft, surrounding tissues and coagulated blood so as to

present the appearance of a limb axis carrying the book-

like leaves of the lung is not really, as it would seem to

be at first sight, the limb axis. That is necessarily a

blood-holding structure and is obliterated and fused with

thesis. Following the metasoma in Limu-

lus, we have as in Scorpio the post-anal spine—in this

case not a sting, but a powerful and important organ of

locomotion, serving to turn the animal over when it has

fallen ux)on its back. The nature of the post-anal spine

has been strangely misinterpreted by some writers. Owen

(7) maintained that it represented a number of coalesced
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somites, regardless of its post-anal position and mode of

deyelopment 1 The agreement of the grouping of the

somites, of the form of the parapodia (appendages, limbs)

in each region, of

the position of the

genital aperture

and operculum, of

the position and
character of the

eyes, and of the

powerful post-anal

spines not seen in

other Arthropods,

is very convincing

as to the affinity

of Limulus and
Scorpio. Perhaps

the most important
general agreement

of Scorpio com-
pared with Limu-
lus and the Eury-

pterines is the

division of the

body into the three

Fig. 16.—Diagram to show the way in which an
outgrowing gill-process bearing blood-holding mata) proSOma,
lamellae, may give rise, if the sternal body wall ot^/I
sinks inwards, to a lung-chamber with air-hold- mesoboma, ana
ing lamellse. I is the embryonic condition

;
bs, metaSOma each

blood sinus ; L is the condition of out-growth ... -

with git gill lamellae ; A is the condition of in- consisting 01 SIX
sinMng of tha sternal surface and conseancnt segments, the pro-
enclosure of the laraelligerous surface of the ^
appendage in a chamber with narrow orifice—the SOma having leg-
pulmonary air-holding chamber ; pJ, pulmonary
lamella ; bs, blood sinus. (After Kingsley.) like appendages,

the mesosoma
having foliaceous appendages, and the metasoma being

destitute of appendages.

In 1893, some years after the identification of the somites

of Limulus with those of

Scorpio, thus indicated,

had been published, zoolo-

gists were startled by the

discovery by a Japanese

zoologist, Mr Kishinouye

(8) of a seventh proso-

matio somite in the em-
bryo of Limulus longi-

spina. This was seen in prOabpi
longitudinal sections, as

shown in Fig. 19. The
simple identification of

somite with somite in

Limulus and Scorpio

seemed to be threatened

by this discovery.

1896 Dr August Brauer frontal “grcwvd;

of [Marburg (9) discovered

in the embryo of Scorpio a
seventh prosomatic somite

(see mPra, Figs. 17
and 18), or, if we please so

to term ii^ a proeffemtaZ

somite, hitherto unrecog-

nized. In the case of

Scorpio this segment is

indicated in the embryo by
the presence of a pair of

rndmentary appendages, carried by a well-marked somite.M in limulus, so in Scorpio, this unexpected somite and
its appendages disappear in the course of development,
la JBa^ more or less complete “excalation” of the somite

* Pig. 17.—Embryo of Scorpion, ventral
Ail Yiew showing somites and a]

, so, mdiment of
lateral eyes; obZ, camerostome (upper
lip) ; so, sense-organ ofPatten. PrGol^A,

tal somite which disappears ; obj^, rudi-
ment of the right half of the genital
operculum ; abp3, rudiment of the right
pecten ; ob^ to dbjf, rudiments of toe
fourappendages which carry toepulmon-
ary lamellin

; I to VI, rudiments of toe
six limbs of the prosoma ; VIIPtG, toe
evanescent prsegenital somite ; VIII, toe
first mesosomatic somite or genital
somite; IX, the second mesosomatic
somite or pectiniferous somite; X to
XIII, toe mnr pohnoniferous somites

;

XIV, the firstmetasomatic somite. (After
Brauer, Zeitsch. vHss. Zool. voL Ux. 1895.)

takes place. Owing to its position it is convenient to term

the somite which is excalated in Limulus and Scorpio
“ the prsegenital somite.’^ It appears not improbable that

the sternal plates wedged in between the last pair of legs

in both Scorpio and Limulus, viz., the pentagonal sternite

of Scorpio (Fig. 10) and the chilaria of Limulus (see Figs.

13 and 20), may in part represent in the adult the sternum

of the excalated praegenital somite. This has not been

demonstrated by an actual following out of the develop-

ment, but the position of these pieces and the fact that

they are (in Limulus) supplied

by an independent segmental

nerve, favours the view that

they may comprise the sternal

area of the vanished prsegenital

somite. This interpretation,

however, of the “ metasternites
”

of Limulus and Scorpio is op-

posed by the coexistence in

Thelyphonus (Figs. 55, 57, and

58) of a similar metasternite

with a complete prsegenital I’ig. is.—

P

ortion of a similar
— . -V OTrt'h'PTTr* ,+: a Iflf.ftl- StagO

somite. Hansen (10) has re- of^growtS
somite, VIIPrG, is still present,
but has lost its rudimentary
appendages

;
go, the genital

operbulum, left half; Km, the-

left pecten ; oibp^ to abp7, the
rudimentary appendages of the
lung-sacs. (After Brauer, loc,

cit)

cognized that the “prsegenital

somite” persists in a rudiment-

ary condition, forming a “waist”

to the series of somites in the

Pedipalpi and Aranese. The
present writer is of opinion that

it will be found most convenient to treat this evanescent

somite as something special, and not to attempt to reckon

it to either the prosoma or the mesosoma. These will then

remain as typically composed each of six appendage-bearing

somites—^the prosoma comprising in addition the ocular

prosthomere.^ When the prsegenital somite or traces of it

are present it should not be called “ the seventh prosomatic ”

or the “first mesosomatic,” but simply the “prsegenital

somite.” The first segment of the mesosoma of Scorpio

and Limulus thus remains the first segment, and can be
identified as such through-

out the Eu - arachnida,

carrying as it always does*

the genital apertures. But
it is necessary to remem-
ber, in the light of recent

discoveries, that the sixth

prosomatic pair of append-

ages is carried on the

^
9app ^

seventh somite of the

Fig. 19.—Section through an early em- whole series, there being

prosttomeres or

the eyes, the second the

SBQiicxttddyolopizioiil/j possi*bly uidic&t)6d. cJbL0llC6X8& ^
drXSO vJblO

by the area marked VII. in Fig. 7 and ^ nr ctptii-
bytoegreatentopophysesoftheproso- mesosomatlC Or gem-
matic carapace. (After Kishinouye, tal SOmite is not the
Joum, Sd. Coll, Jofpan, vol. v. 1892.) .-i^ ^ seventh or even the eighth

of the whole series of somites which have been histori-

cally present, but is the ninth, owing to the pre-

sence or to the excalation of a praegenital somite. It

seems that confusion and trouble will be best avoided

by abstaining from the 'introduction of the non-evident

somites, the ocular and the praegenital, into the numerical

nomenclature of the comi>onent somites of the three great

body regions. We shairll, therefore, ignoring the ocular

somite, speak of the first, second, third, fourth, fifth, and

^ See the article Akthropoda for the use of the term “prostho-

mere.”



525ARACHNIDA
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sixth leg-bearing somites of the prosoma aad indicate the

appendages by the Roman numerals, I., II., III., IV., V.,

VI., and whilst ignoring the prsegenital somite we shall

speak of the first, second, third, (fee. somite of the meso-

soma or opisthosoma (united mesosoma and metasoma)
and indicate them by the Arabic numerals.

There are a number of other important points of

structure besides those referring

to the somites and appendages

in which Limulus agrees with

Scorpio or other Arachnida and
differs from other Arthropoda.

The chief of these are as

follows :

—

1, The Composition of the

Head (that is to say, of the

anterior part of the prosoma)

with especial Reference to the

Region in Front of the Mouth,

—

It appears (see Aktheopoda)

Fia. 20. -View of the ventral that there is embryological evi-

surface of the mid-line of ttie existence of twO
prosornatic region of Limulus . t i i • i.

poiy^hemus. The coxae of the somites in Arachnida wliicn were

post-oral, but have
a series on each side between become prse-oral bv adaptational
the month, M, and the meta- -i -/j.-

sternites, inets. sf^ The sub- shifting of the Oral apeituxe.

frontal median sclerite ; Ch, TJ^ese forwardlv-slipped SOmiteS
the chelicerae; cam, thecamero-

t .t ^
±.-1. a mn

stome or upper lip; M, the are called prosthomeres. iiie

S&'J? Sous first of these has, in Ar^ids
plate, unpaired ; mrts, the right as in Other ArthrOpods, its pair

spondi^totheSSariy^La^^^^^ of appendages represented by the
pentagonal stermte of Scorpio, ^ygg SecOnd has for its pair
Natoralsize, (After Lankester.) J n . :

of appendages the small pair oi

limbs which in all living Arachnids is either chelate

or retrovert (as in spiders), and is known as the cheli-

cerse. It is possible, as maintained by some writers

(Patten and others), that the lobes of the cerebral

nervous mass in Arachnids indicate a larger num-

ber of prosthomeres as having fused in this region,

hut there is no embryological evidence at present which

justifies us in assuming the existence in Arachnids

of more than two prosthomeres. The position of

the chelicerse of Limulus and of the ganglionic

nerve-masses from which they receive their nerve-

supply, is closely similar to that of the same struc-

ch,.

(ens

done as much for Scorpio. Limulus thus agrees with

Scorpio and differs from the Crustacea, in which there are

three prosthomeres—one ocular and two carrying palpiform

appendages. It is true that in the lower Crustacea

(Apus, (fee.) we have evidence of the gradual movement
forward of the nerve-ganglia belonging to these palpiform

appendages. But although in such lower Cmstacea the

nerve-ganglia of the third prosthomere have not fused

with the anterior nerve-mass, there is no question as to

the prae-oral posi-

tion of two ap-

pendage-bearing
somites in addition

to the ocular pro-

sthomere. The
Crustacea have,

in fact, three pro-

sthomeres in the

head and the
Arachnida only

two, and Limulus
agrees with the

Arachnida in this

respect and differs Pio. 22.— Section tlirougb the lateral eye of

from the Crus- Ufivm, puticul^^ lens ;
-twrr.e,

tacea. The central

nervous systems

of Limulus and
of Scorpio present

closer agreement in structure than can be found when a
Crustacean is compared with either. The wide divari-

cation of the lateral cords in the prosoma and their

connexion by transverse commissures, together with the
“attraction” of ganglia to the prosornatic ganglion
group which properly belong to hinder segments, are
very nearly identical in the two animals. The form
and disposition of the ganglion cells are also peculiar

and closely similar in the two. (See Patten (42) for

important observations on the neuromeres, <fec., of Limulus
and Scorpio.)

retinal cells (nerve-end ceUs) ; rftabd, rhabdomes

;

nerv^f nerve fibres of the optic nerve ; fnf, inter-
mediate cells (lying between the bases of the
retinal cells). (After Lankester and Bourne from
Parker and Haswell’s Text-hook of Zoology, Mac-
millan and Co.)

PiQ. 21.—-Development of the lateral eyes of a Scorpion, h, epi-

dermic cell-layer ; mes, mesohlastic connective tissue ; n, nerves

;

II, III, IV, V, depressions of the epidennis in each of which a

cuticular lens will be formed. (Prom Korschelt and Holder,
after Laurie.)

mes*
tures in Scorpio. The cerebral mass is in Limulus ^
more easily separated by dissection as a

^

median
23.—Section through a portion of the lateral eye of Limulus, showing three (Mnma-

lobe distinct from the laterally-placed ganglia of the tidla—a, B, and 0. hyp. The epidermic cell-layer (so-called hypodermis), the cells of

,1- T * xT- i iv«4. which increase in volume below each lens, Z, and become nerve-end cells or letinula-
ciieliceral somite t/Jiail is the case in bcorpio, out the ceils, rt ; in a the letters rh point to a rhabdomere secreted by the cdl ft ; c, the

xektiona are practically tie same in tie two forma !>«?»«« ^ 5”!?® ' sinHetoi ; dk,
oaxjxo ^ chitmous cuticle. (Prom Kotschell and Heidet after Watasc.)

Formerly it was supposed that in Lunmus both the

chelicerae and the next following pair of appendages were
prosthomerous, as in Crustacea, but the dissections of

Alphonse Milne-Edwards (6) demonstrated the true limita-

tions of the cerebrum, whilst embryological researches have

3. The Minute Stnictwre of the Central Eyes md of ih^

Lateral Eyes,—^Limulus agrees with Scorpio not only in

having a pair of central eyes and also lateral eyes, but in

the microscopic structure of those organs which differs in
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the central and lateral eyes lespectively. The central eyes central eye is called an “ ommatoenm,” It shows in Scorpio

are simple eyes,” that is to say, have a single lens, and and Limulus a tendency to segregate into minor groups or

are hence called «« monomeniscous.” The lateral eyes are “ommatidia.” It is found that in embryological growth

in Limulus “ compound eyes,” that is to say, consist of the retinal layer of the central eyes forms as a separate

many lenses placed close together ;
beneath each lens is a pouch, which is pushed in laterally beneath the corneagen

layer from the epidermic cell layer,

A Q Hence it is in origin double, and con-

sists of a true retinal layer and a post-

q
retinal layer (Fig. 24, B), though these

separated by a membrane,
diplostichous omma-

toeum or soft tissue of the Arachnid’s

f**' central eye should strictly be called

B ‘‘ triplostichous,” since the deep layer

, _ is itself doubled or folded. The retinal

i.

lateral and central

eyes of Limulus and Scorpio produce

cuticular structures on their sides;

W r, * each such piece is a rhabdomere and a

number (five or ten) uniting form a

rhabdom (Fig. 26), In the specialized

ommatidia of the compound eyes of

Crustacea and Hexapods the rhabdom
is an important structure.^ It is a

Fig. 24 —Diagrams of the de\elopment and adult structure of one of the paired central eyes of a Scomon
cn’ffnTfipQTif +Viq+ +>»o Iq+ot-oI

A, early condition before the lens is deposited, showing the folding of the epidermic cell-layer into three
,
very Slgnmcanxi lact mar me laxerai

B, diagram showing the nature of this infolding , 0, section through the fully formed eye ; h, epidermic Q^^^d central eyes of Limulus and Scorpio
cell-layer ; r, the retinal portion of the same which, owing to the infolding, bes between gl^ the corneagen -

-u -xi. •

or lens-fomnng portion, and pr, the post retinal or capsular portion or fold ; Z, cuticular lens
; g, line not Only agree eacn Wltn eacn in re-

separatmg lens from the lens-forming or corneagen cells of the epidermis; u, nerve fibres, rh, rhab- fr, tTiPir Tnn'nncsf.iVhmiQ anrl
doraeres (Prom Korschelt and Heider ) How the inversion of the nerve-end-cells and their con- ^

monOStlcnoUS ana aipiO

nsMon with the nerve-fibies is to be reconciled with the condition found m the adult, or with that of stlCnoUS structure but also in the for-
the monostichous eje. has not hitherto been explamed,

mation in both classes of eyCS of rhab-

complex of protoplasmic cells, in which the optic nerve

terminates. Each such unit is termed an “ ommatidium.”

The lateral eyes of Scorpio consist of groups of separate

small lenses each with its ommatidium, but they do not

form a continuous compound eye as in Limulus. The
ommatidium (soft structure beneath the lens-unit of a

compound eye) is very simple in both Scorpio and
Limulus. It consists of a single layer of cells, continuous

with those which secrete the general chitinous covering of

the prosoma. The cells of the ommatidium are a good
deal larger than the neighbouring common cells of the

epidermis. They secrete the knob-like lens (Fig. 22).

But they also receive the nerve fibres of the optic

nerve. They are at the same time both optic neive-end

cells, that is to say, retina cells and corneagen cells or

secretors of the chitinous lens-like cornea. In Limulus
(Fig. 23) each ommatidium has a peculiar ganglion cell

developed in a central position, whilst the ommatidium of

the lateral eyelets of Scorpio shows small intermediate cells

between the larger nerve-end cells. The structure of the

lateral eye of Limulus was first described by Grenacher, and
further and more accurately by Lankester and Bourne (5)
and by Watase

;
that of Scorpio by Lankester and Bourne,

who showed that the statements of von Graber were
erroneous, and that the lateral eyes of Scorpio have a

single cell-layered or “monostichous” ommatidium like

that of Limulus. Watase has shown, in a very convincing

way, how by deepening the pit-like set of cells beneath a

simple lens the more complex ommatidia of the compound
eyes of Crustacea and Hexapoda may be derived from
such a condition as that presented in the lateral eyes of

Limulus and Scorpio. (For details the reader is referred

to Watase (11) and to Lankester and Bourne (5).) The
structure of the central eyes of Scorpio and Spiders and
also of Limulus differs essentially from that of the lateral

eyes iu having two layers of cells (hence called diplo-

stichous) beneath the lens, separated from one another by a
membrane (Figs. 24 and 26). The upper layer is the cor-

neagen and secretes the lens, the lower is the retinal layer.

The mass of soft cell-stractures beneath a large lens of a

domeres and rhabdoms in which the component pieces are

five or a multiple of five (Fig. 26). Whilst each unit of

Fig. 25.—Section tbrongh one of tlie central eyes of a yonng Limultis. D,
cuticnlar or corneous lens ; epidermic ceU-layer ;

com ,
its corneagen

portion immediatelynnderlying tlie lens ; ret, , retxnula cells ; 'nf, nerve fibres;

am, tiss
, connective tissue (mesoblastic skeletal tissue). (After Ijankester

and Bourne, Q, J. Jdic, Scu 1883.)

the lateral eye of Limulus has a rhabdom of ten ^ pieces

^ See Fig, 11 m the article AETHBoroDA.
® Though ten is the prevailing number of retinula cells and rhahdo-

meres in file lateral eye of Limulus, Watase states that they may be

as few as nine and as many as eighteen.
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forming a star-like cMtinons centre in section, each lateral

eye of Scorpio has several rhabdoms of five or less rhab-

domeres, indicating that the Limulus lateral eye -unit is

more specialized than the detached lateral eyelet of Scor-

pio, so as to present a coincidence of one lens with one

rhabdom. Numerous rhabdomeres (grouped as rhabdoms
in Limulus) are found in the retinal layer of the central

eyes also.

Whilst Limulus agrees thus closely with Scorpio in

regard to the eyes, it is to be noted that no Crustacean

has structures corresponding to the peculiar diplostichous

central eyes, though these occur again (with differences in

detail) in Hexapoda. Possibly, however, an investigation

of the development of the median eyes of some Crustacea

(Apus, Palsemon) may prove them to be diplostichous in

origin.

3. The so-called “ Coxal GlaridsT—In 1882 (Proc. Eoy.

Soc. No. 221) Lankester described under the name “ coxal

Tig. 26.--A, dxagrani of aretmula of the central eye of a Scorpion consisting
of five retina-cells (lei ), mth adherent branched pigment cells (pis' ); B,
rhabdom of the same, consisting of five confluent rhabdomeres , 0, transverse
section of the rhabdom of a retinnla of the Scorpion s central eye, showing
its five constituent rhabdomeres as rays of a star , B, transverse section of a
retinnla of the lateral eye of Limulus, showing ten retinula cells, ret., each
bearmg a rhabdoinere, rhal (Alter Lankester.)

glands”a pair of brilliantlywhite oviform bodies lying in the

Scorpion's prosoma immediately above the coxae of the fifth

and sixth pairs of legs (Fig. 27). These bodies had been

erroneously supposed by Newport (12) and other observers

to be glandular outgrowths of the alimentary canal. They
are really excretory glands, and communicate with the

exterior by a very minute aperture on the posterior face

of the coxa of the fifth limb on each side. WTien examined

with the microscope, by means of the usual section method,

they are seen to consist of a labyrinthine tube lined with

peculiar cells, each cell having a deep vertically striated

border on the surface farthest from the lumen, as is seen

in the cells of some renal organs. The coils and branches

of the tube are packed by connective tissue and blood

spaces. A similar pair of coxal glands, lobate instead of

ovoid in shape, was described by Lankester in Mygale, and
it was also shown by him that the structures in Limulus
called “brick-red glands” by Packard have the same

structure and position as the coxal glands of Scorpio and
Mygale, In Limulus these organs consist each of four

horizontal lobes lying on the coxal margin of the second,

third, fourth, and fdth prosomatic limbs, the four lobes

being connected to one another by a transverse piece or

stem (Fig. 28). Microscopically their structure is the

same in essentials as that of the coxal glands of Scorpio

(13). Coxal glands have since been recognized and de-

scribed in other Arachnida. It has lately (1900) been

shown that the coxal gland of Limulus is provided with a

very delicate thin-walled coiled duct which opens, even

in the adult condition, by a minute pore on the coxa of

the fifth leg (Patten and Hazen, 13a). Previously to this,

Lankester's pupil Gulland had shovTi (1885) that in the

embryo the coxal gland is a comparatively simple tube,

which opens to the exterior in this position and by its

other extremity into a coelomic space. Similar observations

were made by Laurie (17) in Lankester's laboratory (1890)
with regard to the early condition of the coxal gland of

Scorpio, and by Bertkau (41) as to that of the spider Aty-

pus. H. M. Bernard (13b) showed that the opening remains

in the adult Scorpion. In all the embryonic or permanent

opening is on the coxa of the filth pair of prosomatic

limbs. Thus an organ newly discovered in Scorpio was
found to have its counterpart in Limulus.

The name “coxal gland” needs to be carefully distin-

guished from “ crural gland,” with which it is apt to be

confused. The crural glands,

w^hich occur in many teiies-

trial Arthropods, are epider-

mal in origin and totally dis-

tinct from the coxal glands.

The coxal glands of theArach-

nida are structures of the

same nature as the green-

glands of the higher Crus-

tacea and the so-called shell

glands ” of the Entomostraca.

The latter open at the base

of the fifth pair of hmbs of

the Crnstacean, just as the

coxal glands open on the

coxal joint of the fifth pair

of limbs of the Arachnid.

Both belong to the category

of “ coelomoducts,” namely,

tubular or funnel-like por-

tions of the coelom opening

to the exterior in pairs in

each somite (potentially), and
usually persisting in only a

few somites as either “uro-

coels ” (renal organs) or

“gonocoels” (genital tubes).

In Penpatus they occur in every somite of the body.

They have till recently been very generally identified

with the nephridia of Chsetopod worms, but there is

good reason for considering the true nephridia (typified by
the nephridia of the Earthworm) as a distinct class of

organs (see Lankester in vol. ii. chap. iii. of A Treatise on

Zoology^ 1900). The genital ducts of Arthropoda are

like the green glands, shell glands, and coxal glands, to be

regarded as coelomoducts (gonocoels) The coxal glands

do not establish any special connexion between Limulus

and Scorpio, since they also occur in the same somite in

the lower Crustacea, but it is to be noted that the coxal

glands of Limulus are in minute structure and probably

in function more like those of Arachnids than those of

Crustacea.

4. The Entostemites and theirMinute Structure.—Straus-

Durkheim (1) was the first to insist on the affinity

between Limulus and the Arachnids, indicated by the

presence of a free suspended entostemum or plastron or

entosternite in both. We have figured here (Figs. 1 to 6)

the entostemites of Limulus, Scorpio, and Mygale. Lan-

kester some years ago made a special study of the histology

riG 27 —Diagram sho-mng the po*?!-

tioa. of the co\al glands of a bcor-
pion, 2jiUhv>$ australi'^, Lm ,iii rela-

tion to the legs, diaphragm (ento-

steraal flap), and the gastric cseca

1 to b. The bases of the siv proso-
matic limbs

, A, probomatic gastric
gland (sometimes called salnarv),
B, coval gland

, C, diaphragm of
Newport5=fibrous flap ot the ento-
stemum; D, mesosomatic gastric

cceca (so-called U\er); B, ali-

mentary canal. (From Lankester,

Q J, Mic Sen vol. XXIV. N fe p.

152)
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(3) of these entosternites for the purpose of comparison,

and also ascertained the relations of the very numerous

muscles which are inserted into them (4). The ento-

sternites are cartilaginous in texture, but they have neither

the chemical character nor the microscopic structure of the

hyaline cartilage of Vertebrates. They yield chitin in

place of chondrin or gelatin—as does also the cartilage of

the Oephalopod’s endoskeleton. In microscopic structure

they alJ present the closest agreement with one another.

We find a firm, homogeneous or sparsely fibrillated matrix

in which are embedded nucleated cells (corpuscles of pro-

toplasm) arranged in rows of three, six, or eight, parallel

with the adjacent lines of fibrillation.

A minute entosternite having the above-described struc-

ture is found in the Crustacean Apus between the bases

of the mandibles, and also in the Decapoda in a similar

position, but in no Crustacean does it attain to any size or

importance. On the other hand, the entosternite of the

Arachnida is a very large and important feature in the

structure of the prosoma, and must play an important part

in the economy of these organisms. In Limulus (Figs. 1

and 2) it has as many as twenty-five pairs of muscles

attached to it, coming
to it from the bases

of the surrounding

limbs and from the

dorsal carapace and
from the pharynx. It

consists of an oblong

plate two inches in

length and one in

breadth, with a pair

of tendinous out-

growths standing out

from it at right angles

on each side. It

^ floats
” between the

Fio 28.
—

^The nglit cotal gland of LvmtXus poly- ,

phemust Latr. to a®, Postenor borders ot prOSOmatlC nerve
the chitinons bases of the cox«e of the second, rtQnf-nQo €xr^A
third, fourth, and fifth prosomatic limbs; 6,

Cenures ana me
longitudinal lobe or stolon of the coxal gland ; alimentary canal. In
c, its four trausverse lobes or outgrowths i , /* , -i

corresponding to the four coxse. (From Lan- each SOmite 01 the
kester, loc, cut., after Packard

) meSOSOma is a Small,

free entosternite having a similar position, but below or
ventrad of the nerve cords, and having a smaller number
of muscles attached to it. The entosternite was probably
in origin part of the fibrous connective tissue lying close to

the integument of the sternal surface—^giving attachment
to muscles corresponding more or less to those at present
attached to it. It became isolated and detached, why or
with what advantage to the organism it is difficult to say,

and at that period of Arachnidan development the great
ventral nerve cords occupied a more lateral position than
they do at present. We know that such a lateral position

of the nerve cords preceded the median position in both
Arthropoda and Ohsetopoda, Subsequently to the floating

off of the entosternite the approximation of the nerve cords
took place in the prosoma, and thus they were able to take
up a position below the entosternite. In the mesosoma
the approximation had occurred before the entosternites

were formed.

In the Scorpion (Figs. 3 and 4) the entosternite has
tough membrane-like outgrowths which connect it with
the body-wall, both dorsally and ventrally forming an
oblique diaphragm, cutting off the cavity of the prosoma
from that of the mesosoma. It was described by Newport
as “the diaphragm.” Only the central and horizontal
parts of this structure correspond precisely to the ento-
stemite of limulus : the right and left anterior processes
(marked ap in Figs. 3 and 4, and SAP, LAP, in Figs. 1
and 2) correspond in the two animals, and the median

lateral process Imp of the Scorpion represents the tendinous

outgrowths ALR, PLR of Limulus. The Scorpion’s ento-

sternite gives rise to outgrowths, besides the great posterior

flaps, y?/, which form the diaphragm, unrepresented in

Limulus. These are a ventral arch forming a neural canal

through which the great nerve cords pass (Figs. 3 and 4,

Bnp\ and further a dorsal gastric canal and arterial canal

which transmit the alimentary tract and the dorsal artery

respectively (Figs. 3 and 4, GC, DR).
In Limulus small entosternites are found in each somite

of the appendage-bearing mesosoma, and we find in Scorpio,

in the only somite of the mesosoma which has a well-

developed pair of appendages, that of the pectens, a small

entosternite with ten pairs of muscles inserted into it.

The supra-pectinal entosternite lies ventrad of the nerve

cords.

In Mygale (Figs. 5 and 6) the form of the entosternite

is more like that of Limulus than is that of Scorpio. The
anterior notch Ph.N. is similar to that in Limulus, and
the three pairs of upstanding tendons on the dorsal sur-

face correspond to the two similar pairs in Limulus,
whilst the imbricate triangular pieces of the posterior

median region resemble the similarly-placed structures of

Limulus in a striking manner.
It must be confessed that we are singularly ignorant

as to the functional significance of these remarkable
organs—the entosternites. Their movement in an upward
or downward direction in Limulus and Mygale must exert

a pumping action on the blood contained in the dorsal

arteries and the ventral veins respectively. In Scorpio

the completion of the horizontal plate by oblique flaps, so

as to form an actual diaphragm shutting off the cavity of

the prosoma from the rest of

the body, possibly gives to

the organs contained in the

anterior chamber a physio- ^ ^

logical advantage in respect

of the supply of arterial blood

and its separation from the "vn

venous blood of the meso- ^
soma. Possibly the move-
ment of the diaphragm may ^
determine the passage of air

^

into or out of the lung-sacs.
^

Muscular fibres connected ^
with the suctorial pharynx ^
are in Limulus inserted into ^
the entosternite, and the

activity of the two organs

may be correlated.

5. The Blood and the

Blood-vasctdar System,—The Pw* — Du

blood fluids of Limulus and The

Scorpio are very similar.

Not only are the blood cor-

puscles of Limulus more like

in form and granulation to

those of Scorpio than to those

of any Crustacean, but the

fluid is in both animals
strongly impregnated with
the blue-coloured respiratory

;in of the arterial
Scorpio, and B,
Roman numerals

indicate the body somites and the
two figures are adjusted for com-
parison. ce, Cerebral arteries ; sp,

supra-spmal or medullary artery;
c, caudal artery ; Z, lateral anasto-
motic artery of Limulus. The figure

B also shows the peculiar neural
investiture formed oy the cerebral
arteries in Limulus and the deriva-
tion from this of the arteries to the
hmbs, in, IV, VI, whereas in
Scorpio the latter have a separate
ongm from the anterior aorta.

(Prom Lankester, ** Limulus an

proteid Hfiemocyanin. This ^

body occurs also in the blood of Crustacea and of Mol-
luscs, but its abundance in both Limulus and Scorpio is

very marked, and gives to the freshly-shed blood a strong

indigo-blue tint.

The great dorsal contractile vessel or “heart” of

Limulus is closely similar to that of Scorpio ; its ostia or

incnirent orifices are placed in the same somites as those
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YPM^

’ h-VPM^

-VPM^

the heart. The blood is brought to the respiratory organs
in both cases by a great venous-collecting sinus having
a ventral median position. In both animals the loall of
the pericardial sinus is connected hy vertical muscular
hands to the wall of the ventral venous sinus (its lateial

exi)ansions around the lung-books in Scorpio) in each
somite through which the pericardium passes. There are

seven pairs of these veno’pericardiac vertical muscles in

Scorpio, and eight in Limulus (see Figs. 30, 31, 32).
It is obvious that the contraction of these muscles must
cause a depression of the floor of the pericardium and a
rising of the roof of the ventral blood sinus, and a con-

sequent increase of volume and flow of blood to each.

Whether the pericardium and the vential sinus are made
to expand simultaneously or all the movement is made by

of Scorpio, but there is one additional posterior pair.

The origin of the paired arteries from the heart dijBfers in
Limulus from the arrangement obtaining in Scorpio, in
that a pair of lateral commissural arteries exist in Limulus
(as described by Alphonse Milne - Edwards (6)) leading
to a suppression of the more primitive direct connexion

of the four pairs of pos-

terior lateral arteries, and
of the great median pos-

terior arteries with the

heart itself (Fig. 29), The
arterial system is very
completely developed in

both Limulus and Scorpio,

branching repeatedly until

minute arterioles are

formed, not to be dis-

tinguished from true cap-
‘ ”

illaries
;

these open into

irregular swollen vessels

which are the veins or

venous sinuses. A very

remarkable feature in

Limulus, first described by
Owen, is the close accom-
paniment of the pro-

Fig so.—View from below of a Scorpion somatic nerve centres and
(B ocGitanvs) opened and dissected so bv pIpqp
as to show the pencardiuin with its fS^ves oy arteries, SO ciose

muscles, the lateral arteries, and the indeed that the great
tergo-stemal muscles. PBO, prosoma; _ i* j
(Ipnif dorso-plastral muscle ; art, lateral ga*ngilon maSS ana itS OUt-

running nerves are actually
(libelled dv m Fig 31) of the second , o

.
. j

(l)ectiniferous)mesosomatic somite: this SUUJt in Or invested by
IS the most anterior pair of the senes orterie'? The eonneTinn
of SIX, none are present in the genital

arteries. me connexion
somite ; tsmA, tergo-stemal muscle of is not SO intimate in
the fifth mesosomatic somite; tsmfi,

tergo-stemal muscle of the enlarged first oCOrpiO, but IS uevertue-
metesoma^ somite ; Per, pericardium

; J^gg ^ very close OUe, closerVPMl to VPM7, the senes of seven pairs , j • *
i.-i_

of veno-pencardiac muscles (labelled pv tuau we IlUd lU auy OtJier
m Fig. 31). There is some reason to Art-TirnrinrlQ in wInVTi fbp
admif the enstenoe of another more -a^^OpoaS WfUCil tQe
anterior pair of these muscles in Scor- arterial system is well de-
pio ; this would make the number j ^
evactly correspond with the number ^©iopea, d.y., tJie Myria-
in Limulus. (After Lankester, Trans, poda and SOme of the
ZooZ. Soc. voL XL 1888.) ^ .

arthrostracous Crustacea.

It seems that there is a primitive tendency in the Arthro-

poda for the arteries to accompany the nerve cords, and a
‘‘ supra-spinal ” artery—that is to say, an artery in close

relation to the ventral nerVe cords—has been described

in several cases. On the other hand, in many Arthropods,

especially those which possess tracheae, the arteries

do not have a long course, but soon open into wide
blood sinuses. Scorpio certainly comes nearer to

Limulus in the high development of its arterial

system, and the intimate relation of the anterior

aorta and its branches to the nerve centres and great

nerves, than does any other Arthropod,

An arrangement of great functional importance in

regard to the venous system must now be described,

which was shown in 1883 by Lankester to be common
to Limulus and Scorpio. This arrangement has not

hitherto been detected in any other class than the

Arachnida, and if it should ultimately prove to be Fia. S2.—Diagram of a lateral view of a longitudinal section of Limulus 5wc, suctorial

peculiar to that group, -would have
_

considerable

weight as a proof of the close genetic affinity of appendages; unsegmented metasoma; Entap*, fourth dorsal eutan^physis of

X . T JO* ® 5 tergo-stemal muscles, six pairs as in Scorpio (labelled ds m Fig 81)

;

XjimulUS and ocorpio. VPM^ to VPM®, the eight pairs of veno-pencardiac muscles (labelled pv m Fig. 81).— . - - -
. VPMi 18 probably lepresented m Scorpio, though not marked in Figs, 80 and 8L

(After Benham, Trans. Zool. Sac, vol. xi. 1883.)

sttg*

Fig. 81.—Diagram of a lateral view of a longitudinal section of a Scorpion.
d, chelicera , c/i, chela ; cam, camerostome ; m, mouth ; ent, entosternum

;

j), pecten ; stig\ tirst pulmonary aperture ; shg*, fourth pulmonary aperture

;

dam, muscle from carapace to a praeoral entosclente ; ad, muscle from cara-
pace to entosternum , lad, muscle from tergite of genital somite to ento-
stemum (same as dpm in Fig 30) ; to duO, dorso-ventral muscles (same
as ^e senes labelled tsm m Fig. SO); pii to jh;^, the se\en veno-pencardiac
muscles of the right side (labelled VPM in Fig. 30). (After Beck, Trans.
Zool Soc. vol M. 1SS3.)

one only of the surfaces concerned, must depend on con-

ditions of tension. In any case it is clear that we have
in these muscles an apparatus for causing the blood to

flow diflereutially in increased volume into either the peri-

cardium, through the veins leading from the respiratory

organs, or from the body generally into the great sinuses

wMch bring the blood to the respiratory organs. These
muscles act so as to pump the blood through the respira-

tory organs.

It is not surprising that with so highly developed an
arterial system Limulus and Scorpio should have a highly

developed mechanism for determining the flow of blood to

the respiratory organs. That this is, so to speak, a need

of animals with localized respiratory organs is seen by the

existence of provisions serving a similar purpose in other

animals, e.g., the branchial hearts of the Cephalopoda.

The veno-pericardiac muscles of Scorpio were seen and

ypjht»

The great pericardial sinus is strongly developed in

both animals. Its walls are fibrous and complete, and
it holds a considerable volume of blood when the heart itself

is contracted. Opening in pairs in each somite, right and
left into the pericardial sinus are large veins, which bring

the blood respectively from the gill-books and the lung-

books to that chamber, whence it passes by the ostia into

figured by Newport but not described by him. Those of

limulus were described and figured by Alphonse Milue-

Edwards, but he called them merely ‘‘transparent ligar

ments,” and did not discover their muaoulax structure.

They are figured and their importance for the first time

S. 1— 67
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recognized in the memoir on the muscular and skeletal

systems of Limulus and Scorpio by Lankester, Beck, and

Bourne (4).

6. Alim/&thta/ry Canal and Gastric Glands,—The ali-

mentary canal in Scorpio, as in Limulus, is provided mth
a powerful suctorial pharynx, in the working of which

extrinsic muscles take a part. The mouth is relatively

smaller in Scorpio than in Limulus—^in fact is minute, as it

is in all the terrestrial Arachnida which suck the juices of

either animals or plants. In both, the alimentary canal

takes a straight course from the pharynx (which bends

under it downwards and backwards towards the mouth in

Limulus) to the anus, and is

a simple, narrow, cylindrical

/ tube (Fig. 33). The only

14 point in which the gut of

Limulus resembles that of

Scorpio rather than that of

any of the Crustacea, is in

possessing more than a single

pair of ducts or lateral out-

growths connected with rami-

fied gastric glands or gastric

caeca. Limulus has two pairs

of these, Scorpio as many as

six pairs. The Crustacea

never have more than one pair.

The minute microscopic struc-

ture of the gastric glands in

the two animals is practically

identical. The functions of

these gastric diverticula have
never been carefully investi-

gated. It is very probable

that in Scorpio they do not

serve merely to secrete a diges-

tive fluid (shown in other

Arthropoda to resemble the

pancreatic fluid), but that

Fio. S3.—The alimentary cansa and they also become distended by

suctorial enlargement of the in by the Scorpion—as cer-

tainly must occur in the case

5*^® simple unbranched gas-

Of gastric (WBca and dncts of the tric cseca of the Spiders.

The most important differ-

5
Scorpio is found in the

of the ejnbiast at hinder region of the aliment-

dseum or portion of _
anus and formed eml
by an inversion of th , ^ °anaL Scorpio is here

provided with a single or
double pair of renal excretory tubes, which have been
identified by earlier authors with the Malpighian tubes of
the Hexapod and Myriapod insects. Limulus is devoid
of any such tubes. We shall revert to this subject below.

7. Ovaries and Spemiaries : Gonocaels and Gonoducts,

—

The scorpion is remarkable for having the specialized

portion of coelom from the walls of which egg- cells or
sperm-cells are developed according to sex, in the form of
a simple but extensive network. It is not a pair of simple
tubes, nor of dendriform tubes, but a closed net-work.
The same fact is true of Limulus, as was shown by Owen
(7) in regard to the ovary, amd by Benham (14) in regard
to the testis. This is a very definite and remarkable
agreement, since such a reticular gonocoel is not found in
Crustacea (except in the male Apus). Moreover, there is

a significant agreement in the character of the spermatozoa
of Limulus and Scorpio. The Crustacea are—^with the
exception of the Cirrhipediar--remarkable for having stifl^

motionless spermatozoids. In Limulus Lankester found

(15) the spermatozoa to possess active flagelliform

‘‘tails,” and to resemble very closely those of Scorpio

which, as are those of most terrestrial Arthropoda, are

actively motile. This is a microscopic point of agreement,

but is none the less significant.

In regard to the important structures concerned with

the fertilization of the egg, Limulus and Scorpio differ

entirely from one another. The eggs of Limulus are fer-

tilized in the sea after they have been laid. Scorpio,

being a terrestrial animal, fertilizes by copulation. The
male possesses elaborate copulatory structures of a chitin-

ous nature, and the eggs are fertilized in the female with-

out even quitting the place where they are formed on
the wall of the reticular gonocoel. The female scorpion

is viviparous, and the young are produced in a highly

developed condition as fully formed scorpions.

Differences between lAnmlus and Scorpio.—We have
now passed in review the principal structural features in

which Limulus agrees with Scorpio and differs from other

Arthropoda. There remains for consideration the one

important structural difference between the two animals.

Limulus agrees with the majority of the Crustacea, in

being destitute of renal excretory cseca or tubes opening

into the hinder part of the gut. Scorpio, on the other

hand, in common with all air-breathing Arthropoda except

Peripatus, possesses these tubules which are often called

Malpighian tubes. A great deal has been made of this

difference by some writers. It has been considered by
them as proving that Limnlns, in spite of all its special

agreements with Scorpio (which, however, have scarcely

been appreciated by the writers in question), really belongs

to the Crustacean line of descent, whilst Scorpio, by pos-

! sessing Malpighian tubes, is declared to be unmistakably
tied together with the other Arachnida to the tracheate

Arthropods, the Hexapods, Diplopods, and Chilopods,

which all possess Malpighian tubes.

It must be pointed out that the presence or absence

of such renal excretory tubes opening into the intestine

appears to be a question of adaptation to the changed
physiological conditions of respiration, and not of morpho-
logical significance, since a pair of renal excretory tubes

of this nature is found in certain Amphipod Crustacea

(Talorchestia, (fee.) which have abandoned a purely aquatic

life. This view has been accepted and supported by Pro-

fessors Korschelt and Heider (16). An important fact

in its favour was discovered by Laurie (17), who
investigated the embryology of two species of Scorpio

under Lankester’s direction. It appears that the Mal-
pighian tubes of Scorpio are developed from the mesen-
teron, viz., that portion of the gut which is formed by the

hypoblast, whereas in Hexapod insects the similar csecal

tubes are developed from the proctodaBum or in-pushed
portion of the gut which is formed from epiblast. In
fact it is not possible to maintain that the renal excretory

tubes of the gut are of one common origin in the Arthro-

poda. They have appeared independently in connexion
with a change in the excretion of nitrogenous waste in

Arachnids, Crustacea, and the other classes of Arthropoda
when aerial, as opposed to aquatic, respiration has been
established—^and they have been formed in some cases

from the mesenteron, in other cases from the proctodaenm.

Their appearance in the air-breathing Arachnids does not

separate those forms from the water-breathing Arachnids
which are devoid of them, any more than does their appear-

ance in certain Amphipoda separate those Crustaceans from
the other members of the class.

Further, it is pointed out by Korschelt and Heider that

the hinder portion of the gut frequently acts in Arthro-

IK>da as an organ of nitrogenous excretion in the absenca
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of any special excretory tubules, and that the production
of such cseca from its surface in separate lines of descent
does not involve any elaborate or unlikely process of
growth. In other words, the Malpighian tubes of the
terrestrial Arachnida are hoTnoplastic with those of Hexa-
poda and Myriapoda, and not homogenetic with them.
We are compelled to take a similar view of the agree-

ment between the tracheal air-tubes of Arachnida and
other tracheate Arthropods. They are homoplasts (see

18) one of another, and do not owe their existence in the
various classes compared to a common inheritance of an
ancestral tracheal system.

Conclusions arising from the Close Affinity of Zimulus
and Scorpio,—When we consider the relationships of the
various classes of Arthropoda, having accepted and estab-

lished the fact of the close genetic affinity of Limulus and
Scorpio, we are led to important conclusions. In such a
consideration we have to make use not only of the fact

just mentioned, but of three important generalizations

which serve as it were as implements for the proper
estimation of the relationships of any series of organic

forms. First of all there is the generalization that the

relationships of the various foims of animals (or of

plants) to one another is that of the ultimate twigs of a
much-branching genealogical tree. Secondly, identity of

structure in two organisms does not necessarily indicate

that the identical structure has been inherited from an
ancestor common to the two organisms compared (homo-
geny), but may be due to independent development of a
like structure in two different lines of descent (homo-
plasy). Thirdly, those members of a group which, whilst

exhibiting undoubted structural characters indicative of

their proper assignment to that group, yet are simpler

than and inferior in elaboration of their organization to

other members of the group, are not necessarily represen-

tatives of the earlier and primitive phases in the develop-

ment of the group—but are very often examples of

retrogressive change or degeneration. The second and
third implements of analysis above cited are of the nature

of cautions or checks. Agreements are not necessarily

due to common inheritance j simplicity is not necessarily

primitive and ancestral.

On the other hand, we must not rashly set down
agreements as due to “homoplasy” or “convergence of

development ” if we find two or three or more concurrent

agreements. The probability is against agreement being

due to homoplasy when the agreement involves a number
of really separate (not correlated) coincidences. Whilst

the chances are in favour of some one homoplastic co-

incidence or structural agreement occurring between some
member or other of a large group a and some member or

other of a large group \ the matter is very different

when by such an initial coincidence the two members
have been particularized. The chances against these two
selected members exhibiting another really independent

homoplastic agreement are enormous : let us say 10,000

to 1. The chances against yet another coincidence are a
hundred million to one, and against yet one more “ coin-

cidence ” they are the square of a hundred million to one.

Homoplasy can only be assumed where the coincidence is

of a simple nature, and is such as may be reasonably sup-

posed to have arisen by the action of like selective condi-

tions upon like material in two separate lines of descent.^

So, too, degeneration is not to be lightly assumed as the

explanation of a simplicity of structure. There is a very

^ A great deal of auperfluoiis hypothesis has lately been put forward

in the name of “ the principle ofconvergence of characters ” by a certain

school of palseontologists. The horse is supposed by these writers to

have originated by separate lines of descent in the Old World and the

New, from five-toed ancestors ! And the important consequences

definite criterion of the simplicity due to degeneration,

which can in most cases be applied. Degenerative sim-

plicity is never uniformly distributed over all the

structures of the organism. It affects many or nearly all

the structures of the body, but leaves some, it may be
only one, at a high level of elaboration and complexity.

Ancestral simplicity is more uniform, and does not coexist

with specialization and elaboration of a single organ.

Further : degeneration cannot be inferred safely by the

examination of an isolated case; usually we obtain a
series of forms indicating the steps of a change in struc-

ture—and what we have to decide is whether the move-
ment has been from the simple to the more complex, or

from the more complex to the simple. The feathers of a

peacock afford a convenient example of primitive and
degenerative simplicity. The highest point of elaboration

in colour, pattern, and form, is shown by the great eye-

painted tail feathers. From these we can pass by gradual

transitions in two directions, viz., either to the simple

lateral tail feathers with a few rami only, developed only

on one side of the shaft and of umform metallic coloration

—or to the simple contour feathers of small size, with the

usual S3mimetrical series of numerous rami right and left

of the shaft and no remarkable colouring. The one-sided

specialization and the peculiar metallic colouring of the

lateral tail feathers mark them as the extreme terms of

a degenerative series, whilst the symmetry, likeness of

constituent parts inter se^ and absence of specialized

pigment, as well as the fact that they differ little from any
average feather of birds in general, mark the contour

feather as primitively simple, and as the starting-point

from which the highly elaborated eye-painted tail feather

has gradually evolved.

Applying these principles to the consideration of the

Arachmda, we arrive at the conclusion that the smaller

and simpler Arachnids are not the more primitive, but
that the Acari or Mites are in fact a degenerate group.

This was maintained by Lankester in 1878 (19), again in

1881 (20) ; it was subsequently announced as a novelty

by Claus in 1885 (21). Though the aquatic members of

a class of animals are in some instances derived from
terrestrial forms, the usual transition is from an aquatic

ancestry to more recent land-living forms. There is no
doubt, from a consideration of the facts of structure, that

the aquatic water-breathing Arachnids, represented in the

past by the Euryptennes and to-day by the sole survivor

Limulus, have preceded the terrestrial air-breathing forms

of that group. Hence we see at once that the better-

known .^achnida form a series, leading from Limulus-like

aquatic creatures through Scorpions, Spiders, and Harvest-

men, to the degenerate Acari or Mites. The spiders are

specialized and reduced in apparent complexity, as com-

pared with the Scorpions, but they cannot be regarded as

degenerate since the concentration of structure which

occurs in them results in greater efficiency and power
than are exhibited by the Scorpion. The determination of

the relative degree of perfection of organization attained

by two animals compared is difficult when we introduce,

as seems inevitable, the question of efficiency and power,

and do not confine the question to the perfection of

i morphological development. We have no measure of the

degree of power manifested by various animals—^though

it would be possible to arrive at some conclusions as to

how that “power” should be estimated. It is not

possible here to discuss that matter further* We must

following from the demonstration of the identity in stmctare of

Limulns and Scorpio are evaded by arbitmy and even phantastic

invocations of a mysterious transcendental force which brings about
“ convergence ” irrespective of heredity and selection. Morphology

becomes a farce when such assumptions are made.
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be content to point out tbat it seems that the Spiders,

the Pedipalps, and other large Arachnids have not been

derived from the Scorpions directly, but have independ-

ently developed from aquatic ancestors, and from one of

these independent groups—probably through the Harvest-

men from the Spiders—the Acari have finally resulted.

Leaving that question for consideration in connexion

"with the systematic statement of the characters of the

various groups of Arachnida which follows below, it is

well now to consider the following question, viz., seeing

that Limulus and Scorpio are such highly developed and

specialized forms, and that they seem to constitute as it

were the first and second steps in the series of recognized

Arachnida—what dowe know, or what are we led to suppose

with regard to the more primitive Arachnida from which

the Eurypterines and Limulus and Scorpio have sprung.

Do we know in the recent or fossil condition any such

primitive Arachnids ? Such a question is not only legiti-

mate, but prompted by the analogy of at least one other

great class of Arthropods. The great Arthropod class, the

Crustacea, presents to the zoologist at the present day an
immense range of forms, comprising the primitive Phyllo-

pods, the minute Copepods, the parasitic Cirrhipedes and
the powerful Grabs and Lobsters, and the highly-elaborated

Sand-hoppers and Slaters, It has been insisted, by those

who accepted Lankester’s original doctrine of the direct or

genetic affinity of the Chsetopoda and Arthropoda, that

Apus and Branchipus really come very near to the ancestral

forms which connected those two great branches of

Appendiculate (Parapodiate) animals. On the other hand,

the Land Crabs are at an immense distance from these

simple forms. The record of the Crustacean family-tree

is in fact a fairly complete one—^the lower primitive

members of the group are still represented by living forms

in great abundance. In the case of the Arachnida, if we
have to start their genealogical history with Limulus and
Scorpio, we are much in the same position as we should

he in dealing with the Crustacea, were the whole of the

Entomostraca and the whole of the Arthrostraca wiped
out of existence and record. There is no possibility of

doubt that the series of forms corresponding in the Arach-
nidan line of descent, to the forms distinguished in the

Crustacean line of descent as the lower grade—^the Ento-

mostraca—have ceased to exist, and not only so, but
have left little evidence in the form of fossils as to their

former existence and nature. It must, however, be ad-

mitted as probable that we should find some evidence,

in ancient rocks or in the deep sea, of the early more
primitive Arachnids. And it must be remembered that

such forms must be expected to exhibit, when found,

differences from Limulus and Scorpio as great as those
which separate Apus and Cancer. The existing Arachnida,
like the higher Crustacea, are nomomeristic,” that is to

say, have a fixed typical number of somites to the body.
Further, they are like the higher Crustacea, “somato-
tagmic,” that is to say, they have this limited set of
somites grouped in three (or more) “tagmata” or regions
of a fixed number of similarly modified somites—each,

tagma differing in the modification of its fixed number of
somites from that characterizing a neighbouring “ tagma.”
The most primitive among the lower Crustacea, on the
other hand, for example the Phyllopoda, have not a fixed

number of somites, some genera—even allied species

—

have more, some les^ within wide limits ; they are anomo-
meristic.” They also, as is generally the case with anomo-
meristic animals, do not exhibit any conformity to a fixed

plan of “ tagmatism or divisioii of the somites of the
body into regions sharply marked off from one another

;

the head or prosomatic tagma is followed by a trunk con-

sisting of somites which either graduate in diaracter as we

pass along the series or exhibit a laige variety in different

genera, families, and orders, of grouping of the somites.

They are anomotagmic, as well as anomomeristic.

"V^en it is admitted—as seems to be reasonable—that

the primitive Arachnida would, like the primitive Crus-

tacea, be anomomeristic and anomotagmic, we shall not
demand of claimants for the rank of primitive Arachnids
agreement with Limulus and Scorpio in respect of the

exact number of their somites and the exact grouping
of those somites ; and when we see how diverse are the

modifications of the branches of the appendages both in

Arachnida and in other classes of Arthropoda {q.v,\ we
shall not over-estimate a difference in the form of this or

that appendage exhibited by the claimant as compared
with the higher Arachnids. With those considerations in

mind, the claim of the extinct group of the Trilobites

to he considered as representatives of the lower and more
primitive steps in the Arachnidan genealogy must, it

seems, receive a favourable judgment. They differ from
the Crustacea in that they have only a single pair of prse-oral

appendages, the second pair being definitely developed as

mandibles. This fact renders their association with the

Crustacea impossible, if classification is to be the expres-

sion of genetic affiinity inferred from structural coinci-

dence. On the contrary, this particular point is one in

which they agree with the higher Arachnida. But little

is known of the structure of these extinct animals;

we are therefore compelled to deal with such special

points of resemblance and difference as their remains still

exhibit. They had lateral eyes^ which resemble no known
eyes so closely as the lateral eyes of Limulus. The
general form and structure of their prosomatic carapace

are in many striking features identical with that of

Limulus. The trilobation of the head and body—due to

the expansion and flattening of the sides or ‘‘ pleura ” of the

tegumentary skeleton—^is so closely repeated in the young
of Limulus that the latter has been called “ the Trilobite

stage” of Limulus (Fig. 42 compared with Fig 41). No
Crustacean exhibits this trilobite form. But most im-

portant of the evidences presented by the Trilobites of

affinity with Limulus, and therefore with the Arachnida, is

the tendency less marked in some, strongly carried out in

others, to form a pygidial or telsonic shield—a fusion of the

posterior somites of the body, which is precisely identical

in character with the metasomatic carapace of Limulus.

When to this is added the fact that a post-anal spine

is developed to a large size in some Trilobites (Fig. 38),

like that of Limulus and Scorpio, and that lateral spines

on the pleura of the somites are frequent as in Limulus,

and that neither metasomatic fusion of somites nor post-

anal spine, nor lateral pleural spines are found in any
Crustacean, nor all three together in any Arthropod
besides the Trilobites and Limulus— the claim of the

Trilobites to be considered as representing one order of a

lower grade of Arachnida, comparable to the grade Ento-

mostraca of the Crustacea, seems to be established.

The fact that the single pair of prae-oral appendages of

Trilobites, known only as yet in one genus, is in that par-

ticular case a pair of uni-ramose antennae—does not render

the association of Trilobites and Arachnids improbable.

Although the prae-oral pair of appendages in the higher

Arachnida is usually chelate, it is not always so ;
in Spiders

it is not so
;
nor in many Acari. The bi-ramose structure

of the post-oral limbs, demonstrated by Beecher in the

Trilobite Triarthrus, is no more inconsistent with its claim

to be a primitive Arachnid than is the foliaceous modifica-

^ A pair of round tubercles on the labrum (camerostome or bypo-
stoma) of sevOTal species of Trilobites has been described and held to

be a pair of eyes quite recently (22), Sense-organs in a similar

position were discovered in limnlus by Patten (42 ) in 1894.
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tion of the limbs in Pbyllopods inconsistent with their

relationship to the Arthrostracons Crustaceans such as

Gammarus and Oniscus.

Thus, then, it seems that we have in the Trilobites the

representatives of the lower phases of the Arachnidan
pedigree. The simple Anomomeristic Trilobite, with its

equi-formal somites and equi-formal appendages, is one
term of the series which ends in the even more simple

but degenerate Acari. Between the two and at the

highest point of the arc, so far as morphological difieren-

tiation is concerned, stands the Scorpion ; near to it in the

Trilobite’s direction (that is on the ascending side) are

Limulus and the Eurypterines—with a long gap, due to

obliteration of the record, separating them from the Trilo-

bite. On the other side—tending downwards from the

Scorpion towards the Acari— are the Pedipalpi, the

Spiders, the Book - Scorpions, the Harvest-men, and the

Water-Mites.

The strange Hobody- Crabs or Pycnogonids occupy a
place on the ascending half of the arc below the

Eurypterines and Limulus. They are strangely modified

and degenerate, but seem to be (as explained in the

systematic review) the remnant of an Arachnidan group
holding the same relation to the Scorpions which the

Lsemodipoda hold to the Podophthalmate Crustacea.

We have now to offer a classification of the Arachnida

and to pass in review the larger groups, with a brief

statement of their structural characteristics.

In the bibliography at the close of this article (referred

to by leaded arabic numerals in brackets throughout these

pages), the titles of works are given which contain de-

tailed information as to the genera and species of each

order or sub-order, their geographical distribution and
their habits and economy so far as they have been ascer-

tained. The limits of space do not permit of a fuller

treatment of those matters here.

Tabular CLAssmoATioif ^ of the Aeachu’ida,

Class. AKACHNIDA,
Orade A. AITOMOMMUISTICA.

Sub-Class. TRILOBITE.
Orders. Not satisfactorily determined.

Grade B. NOMOMMBISTIOA.
Sub-Class I. PANTOPODA.

Order 1. Nympbouomorpba.
„ 2. Ascorliyucbomorpba.

„ 3. Pycuogouomorpl^

Sub-Class n. EU-ABACHNIDA.
Grade a. delobkanchia, Lankester {vel hvdbo-

pjvnETJSTEA, Pocock).

Order 1. Xipbosura.

„ 2. GigazLtostraca.

Grade 5. bmbolobrAn-ohia, Lankester {vel aero-
PNEUSTEA, Pocock).

Section a. Bectinifera.

Order 1. Scorpionidea.
Sub-order a. Apoxypoda.

,, h. Bionycliopoda.

1 The writer is indebted to Mr B. I. Pococt, assistant in the

Natural History departments of the British Museum, for valuable

assistance in the preparation of this article and for the classification

and definition of the groups of Eu-arachnida here given. The general

scheme and some of the details have been brought by the writ^ into

agreement with the views maintained in this article, Mr Pocock
accepts those views in all essential points and has, as a special student

of the Arachnida, given to them valuable expansion and confirmation.

The writer also desires to express his thanks to Messrs. Macmillan
for permission to use Figs, 22, 43, 44, and 45, which are taken from
Parker and Haswdd’s Text^iook of Zoology; and to Messrs. Swan
Sonnenschein and Co. for the loan of several figures from the trans-

lations published by them of the admirable treatise on Embryology
by Professors Korschelt and Heider ; also to the publishers of the

treatise on Fdlmordology by Professor Zittel, Herr Oldenbourg and
Macmillan and Co. of New York for severed cuts of extinct forms.

Section /?, Epectinata^
Order 2. Pedipalpi.

Sub-order a. Uropygi.
Tube 1. IJrotricha,

,, 2. Tartarides.

Sub-oider 5, Amblypygl.

Orders. Araneae.
Sub-oidei a, Mesothelte.

„ 5. Ox)istliothelce.

Tribe 1. Mygalomorplije.

,, 2, ArachnomoiphtB.

Order 4. Falpigradi (=Microthelyphonida).

Orders. Solifugse (=:MycetophorsB).

Order 6. Pseudoscorpiones { = Chelonethi).
Sub-order a. Panctenodactyli.

„ h. Hemictenodactyli.

Order?. Podogona (=Meridogastra).

Order 8. Opiliones.
Sub-order a, Laniatores.

„ h. Palpatores.

„ c. Anepignathi.

Order 9. Bhynchostomi Acari).
Sub-order a, Cryptostigniata.

„ h. Metastigniata.

,, c. Prostigmata.

,, d. Astigmata.

,, e. Termiformia.

, /. Tetrapoda.

Class. ARACHNIDA.—Euarthropoda having two prosthoiueres
(somites which have passed from a post-oral to a prse-oral position),

the appendages of the first represented by eyes, of the second by
solitaiy rami which are rarely antenniform, more usually chelate.

A tendency is exhibited to the foimation of a metasomatie as w^ell

as a prosomatic carapace by fusion of the tergal snriaces of the
somites. Intermediate somites foiming a raesosoma occur, but tend
to fuse superficially with the metasomatie carapace or to become
co-ordinated with the somites of the metasoma, whether fused or
distinct to form one region, the opisthosoma (abdomen of authors).
In the most highly-developed iorms the two anterior divisions
(tagmata) of the body, prosoma and mesosoma, each exhibit six

pairs of limbs, pediform and plate -like respectively, whilst the
metasoma consists of six limbless somites and a post-anal spine.

The genital apertures are placed in the first somite iollowing the
prosoma, excepting where a praegenital somite, usually suppressed,
is retained. Little is known of the form of the appendages in
the lowest archaic Arachnida, but the tendency of those of the
prosomatic somites has been (as in the Crustacea) to pass from a
generalized bi-ramose or multi-ramose form to that of uni-ramose
antennse, chel«, and walking-legs.

The Arachnida are divisible into two grades of structure—accord-

ing to the fixity or non-fixity of the number of somites building up
the body :

—

Grade A {of the Arachnida), ANOMOMEEISTIOA ,—Extinct
archaic Arachnida, in which (as in the Entomostracons Crustacea)
the number of well-developed somites may be more or less than
eighteen and may be grouped only as head (prosoma) and trunk or

! may be further differentiated. A telsonic tergal shield of greater

I

or less size is always present, w-hich may be imperfectly divided into
well-marked but immovable tergites indicating incompletely differ-

entiated somites. The single pair of palpifona appendages in front

of the month has been found in one instance to be antenniform,
whilst the numerous post-oral appendages in the same genus were
bi-ramose. The position of the genital apertures is not known.
Compound lateral eyes present ; median eyes wanting. The body
and head have the two pleural regions of each somite flattened and
expanded on either side of the true gut-holding body-axis. Hence
the name of the sub-class signifying tri-lobed, a condition realized

also in the Xiphosurons Arachnids. The members of this group,
whilst resembling the lower Crustacea (as all lower groups of a
branching genealogical tree must do), differ from them essentially

in that the head exhibits only one prosthomere (in addition to the

eye-bearing prosthomere) with palpiform appendages (as in all

Arachnida) instead of two. The Anomomeristic Arachnida fonn a
single sub-class, of which only imperfect fossil remains are known.

Sub-class (of the Anomomeristlca). TRlLOBITiE.—The single

sub-class Trilobitae constitutes the grade Anomomeristlca. It has

been variously divided into orders by a number of writers. The
greater or less evolution and specialization of the metasomatie
carapace appears to be the most important basis for classification

—

but this has not been made use of in the latest attempts at drawing
up a system of the Trilobites. The form of the middle and latem
regions of the prosomatic shield has been used, and an exoessiTe

importance attached to the demarcation of certain areas^ in that

structure. Sutures are stated to mark off some of these, pieces but

in the proper sense of that term as applied to the skeletal structures
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of the Yertebrata, no sntnrea exist in the chitinons cuticle of appearance to the free somites. The gemis Agnostus, which he-
Arthropoda. That any partial fusion of originally distinct chitin- longs to the last categoiy, occurs abundantly in Cambrian strata
ous plates takes place in the cephalic shield of Tiilobites, com- and is one of the earliest forms known. This would lead to the
parable to the partial fusion of bony pieces by suture in Yertebrata, supposition that the great development of metasomatic carapace is

is a suggestion contrary to fact. a primitive and not a late character, were it not for the fact that
The Trilobites are known only as fossils, mostly Silurian and Paradoxides and Atops, with an inconspicuous telsonic carapace

Fro. 34.—Kestoiation of Triarthnis BeeH, Green, as determined by Kr. Beecher from specimens obtained from Fio. S'T.-^Deiphon Forbmi, Bair,
the Utica Slates (Ordovician), New York. A, dorsal ; B, ventral surface. In the latter the smgle pair of One of the Cheiruridee, Silu-
antennae springing up from each side of the camerostome or hypostome or upper lip-lohe are seen. Four nan Bohemia. (From Zittel’s
pairs of appendages besides these are seen to belong to the cephalic tergum. All the appendages are pediform Falceontology.)

and hi-ramose ; all have a prominent gnathobase, and in all the exopodite carries a comb-like senes of
secondary processes. (After Beecher, from Zittel.)

prse-Siluiian ; a few are found in Carboniferous and Permian strata.

As many as two thousand species are known. Genera with small
metasomatic carapace, consisting of three to six fused segments
distinctly marked though not separated hy soft membrane, are
Harpes, Paradoxides, and Triarthrus (Fig. 34). In Calymene,
Homalonotus and Phacops (Fig. 38) from six to sixteen segments
are clearly marked by ridges and grooves in the metasomatic tagma,
whilst in Ilaenus the shield so formed is large hut no somites
are marked out on its surface. In this genus ten free somites
(mesosoma) occur between the prosomatic and metasomatic cara-

Q

Fig. Z6.^Tri(vrihrus Beckif Green, a, Hestored thoracic limbs in transverse
section of the animal; 6, section across a posterior somite ; c, section across
one of the sub-terminal somites. (After Beecher.)

paces. Asaphus and Me^aspis (Fig. 39) are similarly constituted.
In Agnostus (Fig. 40) the anterior and posterior carapaces con-
stitute almost the entire body, the two carapaces being connected
by a mid-region of only two free somites. It has been held that
the forms with a small number of somites marked in the posterior
carapace and numerous free somites between the anterior and
posterior carapace, must be considered as anterior to those in which
a great number of posterior somites are traceable in the metaso-
matio carapace, and that those in which the traces of distinct
somites in the posterior or metasomatic carapace axe most com-
pletely absent must be regarded as derived from those in which
somites are well marked in the posterior carapace and similar in

and numerous free somites, are also Cambrian in age, the latter
indeed anterior in horizon to Agnostus.
On the other hand, it may well be doubted whether the

pygidial or posterior carapace is primarily due to a fusion of the

Fig. ZB,—I)dlmanites lim/it- Fig. ZQ^—Megala$pis extewmtus.
IwruSf Green. One of the One ofthe Asaphidae alhed to
Phacopidse, fromthe Silu- Ilsenus, from the Ordovician
rian, New York. (Prom of East Gothland, Sweden.
Zittel.) (Prom Zittel.)

tergites of somites which were previously movable and well
developed. The posterior carapace of the Trilobites and of Lim-
nlus is probably enough in origin a telsonic carapace—^that is to
say is the tergum of the last segment of the body which carries the
anus. From the front of this region new segments are produced in
the first instance, and are added during growth to the existing
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series. This telson may enlarge, it may possibly even become
internally and sternally developed as partially sepaiate somites,

and the tergum may remain mthont trace of somite formation, or,

as appears to be the case in Limulus, the telson gives rise to a few
well-marked somites (mesosoma and two others) and then enlarges

without further trace of segmentation, whilst the chitinous integu-

ment which develops in increasing thickness on the terga as giowth
advances welds together the unsegmented telson and the somites in

front of it, which were previously marked by separate tergal thick-
enings. It must always be remembered that we are liable (especially

in the case of fossilized integuments) to attach an unwarranted in-

terpretation to the mere discontinuity or continuity of the thickened
plates of chitinous cuticle on the back of an Arthropod. These
plates may fuse, and yet the somites to which they belong may
remain distinct, and each have its pair ofappendages well developed.

A B C
Fio. 40.—-Four stages m
the development of
the tnlobite Agnostus
nudus. A, youngest
stage with no nieso-
somatic somites ; B
and C, stages with two
mesosomatic somites
betiv een the proso-
inatic and telsonic
carapaces ; D, adult
condition, still with
only two free mesoso-
matic somites. (From
KorsscheltandHeid er.)

On the other hand, an unusually large tergal plate, whether teiminal
or in the series, is not always due to fusion of the dorsal plates of
once-separate somites, but is often a case of growth and enlaige-

ment of a single somite without formation of any trace of a new
somite. For the literature of Trilobites see (22*).

Gfrade B {of the Arachnida) NOMOMERISTIGA,^I^xz.Q}mid&
in -which, excluding from consideration the eye-bearing prostho-

mere, the somites are primarily (that is to say, in the common
ancestor of the grade) grouped in three regions of six—(<z) the
prosoma ” with palpiform appendages, (6) the **mesosoma” with

plate-like appendages, and (c) the ‘^metasoma” with suppressed
appendages. A somite placed between the prosoma and mesosoma—^the prae-genital somite—appears to have belonged originally to

the prosomatic series (which with its ocular prosthomere and palpi-

forra limbs [Pantopoda], would thus consist of eight somites), but
to have been gradually reduced. In living Arachnids, excepting

the Pantopoda, it is either fused (with loss of its appendages)
with the prosoma (Limulus,^ Scorpio), after embryonic appearance,
or is retained as a rudimentaiy, separate, detached somite in front

of the mesosoma, or disappears altogether (excalation). The atrophy

Fig. 41,—Five stages
m the development
of the tnlobite Sao
Mrsuta. A, youngest
stage ; B, older stage
with distinct pygi-
dial carapace ; C,
stage with two free
mesosomatic som-
ites between the
prosomatic and tel-

sonic carapaces ; D,
stage with seven
free iutennediate
somites

; B, stage
with twelve free

somites ; the tel-

sonic carapace has
not increased in
size ; a, lateral eye j

g, so-called facial

“suture" (not really
a suture); p, tel-

sonic carapace.
(From Korsclielt
and Heider, after
Baiiande.)

And total disappearance of ancestrally well-marked somites fre-

quently take place (as in all Arthropoda) at the posterior extremity

of the body, whilst excalation of somites may occur at the constricted

areas which often separate adjacent regions,” though there are

very few instances in which it has been recognized. Concentra-

tion of the organ-systems by fusion of neighbouring regions (pro-

soma, mesosoma, metasoma), previously distinct, has frequently

occurred, together with obliteration of the muscular and chitinous

^ Mr Pocock suggests that the area marked viL in the outline figure

of the dorsal view of Limulus (Fig, 7) may be the tergum of the

suppressed prte-genital somite. Emhryological evidence must settle

whether this is so or not.

structiues indicative of distinct somites. This concentration and
obliteration of somites, often accompanied by dislocation of im-
portant segmental structures (such as appendages and neive-ganglia),

may lead to highly -developed specialization (individuation, H.
Spencer), as in the Ai-aneae and Opiliones, and, on the other hand,

may terminate in simplification and degeneration, as in the Acari.

The most important general change which has affected the

structure of the nomomeristic Arachmda in the course of their

historic development is the tiansition from an aquatic to a

terrestrial life. This has been accompanied by the conversion of

Fig 42.—So-called “tnlobite stage" of Limulus poly2}heiftiii$. A, dorsal,

B, ventral view. (From Korschelt and Heider, after Leuckart.)

the lamellifoim gill-plates into Uraellifomi lung-plates, and later

the development irom the Inng-charabeis, and at independent sites,

of tracheae or air-tubes (by adaptation of the vasifactive tissue of

the blood-vessels) similar to those independently developed in

Peripatus, Diplopoda, Hexapoda, and Chilopoda. Probably tracheae

have developed independently by the same process in several groups

of tracheate Arachnids. The nomomen&tic Aiachnids comprise two
sub-classes—one a very small degenerate offshoot from early ances-

tors ; the other, the great hulk of the class.

Sub-Class I (of the Nomomeristica). PANTOPODA.—^Nomo-

meristic Aiachnids, in w'hich the somites corresponding to meso-

soma and metasoma have entirely aborted. The seventh leg-bearing

somite (the pise-genital rudimentary somite of Eu-araclmida) is

present and has its leg-like appendages fully developed. Mono-
meniscous eyes with a double (really triple) cell-Wer formed by
invarination, as in the Eu-arachnida, are present. The Pantopoda
stand in the same relation to Limulus and Scorpio that Cyamus
holds to the thoracostracous Ciustacea. The reduction of the

organism to seven leg-bearing somites, ofwhich the first pair, as in so

many Eu-arachnida, are chelate, is a form of degeneration connected

with a peculiar quasi-parasitic habit resembling that of the erus-

tacean Loemodipoda. The genital pores are situate at the base of

Fig. 43.—One of the Nymphonoraorplious Pantopoda, Nymphon hispidum,
showing the seven pairs of appendages 1 to 7 ; a&, the mdiinentaity opis-

tboboma; s, the mouth-beanng proboscis. (From Parker and Haswell’s
Ttyt-hook ofZoology

^

after Hoek.)

the 7th pair of limbs, and may be repeated on the 4th, 5th, and
6th. In all known Pantopoda the size of the body is quite mmuto
as compared with that of the limbs ; the alimentary canal sends a

long caecum into each leg {cf. tlie Araneae) and the genital products

are developed in gonoccels also placed in the legs.

The Pantopoda are divided into three ordeis, the characters of

which are dependent on variation in the presence of the lull

number of legs.

Order 1 (of the Pantopoda), Nymphonomorpha, Pocock (nov.)

(Fig. 43).—^In primitive forms belonging to the family Nympho-
nidse the full complement of appendages is retain^—the 1st

(mandibular), the 2nd (palpiform), and the 3id (ovigerous) mirs

being well developed in both sexes. In certain derivative forms

constituting the family Pallenidse, however, the appendages of the

2nd pair are either rudimentary or atrophied altogether.

Two families : 1. Nymphonidae (genus Kympkmi), and 2.

PallenidiB (genus Pallene),



536 ARAOHNIDA
Order 2 AscorhyiicliomoTpha, Pocock (no'v ) —Appendages of

the 2nd and 3id pairs retained and developed, as in the more
pninitive types ot Nymphonomorpha ,

but those of the 1st pair are

either rudimentary, as in the Ascorhynchid'E, or atrophied, as xn

the ColossendeidiB In the latter a further specialization is shown

in the fusion of the body segments

Two families 1 Ascorhynchidse (geneia Ascorhymhus and

Ammoihea), 2 Golossendeid^ (geneia Colossendeis and Duco
arachne)

Order 3 Pycnogonomorpha, Pocock (nov )
—^Derivative forms

m which the reduction m number of the anterior appendages is

earned farther than in the othei ordeis, reaching its extreme in

the Pycnogonidae, where the 1st and 2nd pairs are absent in both

se'tes and the 3id pair also are absent in the female In the

Hannonudoe, however, which resemble the Pycnogonida in the

absence of the 3rd pair in the female and of the 2nd pair in

both sexes, the 1st pair aie retamed m both sexes

TSvo families 1 Hannoniid'e (genus Eannoivw)

,

2 Pycno
gonidse (genera JPycnoqonum and Fhox^chihis)

Bemarks —The Pantopoda aie not known in the fossil condition

They are entirely marine, and aie not uncommon in the coralline

zone of the sea coast The species are few not moie than fifty (23)

Some large species of peculiar genera are taken at great depths

Their movements are extremely sluggish They are especially

remarkable for the small size of the body and the extension of

viscera mto the legs Their structure is eminently that of

degenerate forms Many fiequent growths of coralline Algse and
Hydroid polyps, upon the juices of which they feed, and m some
r-ases a species of gall is pioduced in Hydioids by the penetration

of the larval Pantopod into the tissues of the polyp

Sub Class II (of the Nomomenstic Arachnida) EIT-AEACH-
NIBA—^These start fiom highly developed and specialized aquatic

bianchiferous forms, exhibiting piosoma with six pediform pairs of

appendages, an intermediate pr^e genital somite, a mesosoma of six

somites bearmg lamelliform pairs of appendages, and a metasoma
of six somites devoid of appendages, and the last provided with
a post anal spine Median eyes are present, which are mono
meniscous, with distmct retinal and comeagenous cell layers, and
placed centrally on the prosoma Lateral eyes also may be present,

airanged m lateral groups, and having a smgle or double ceE
layer beneath the lens The first pair of limbs is often chelate

or prehensile, rarely antenmform ,
whilst the second, third, and

fourth may also be chelate, oi may be simple palps or walkmg
legs

An internal skeletal plate, the so called “entostermte * of

fibro oartilagmous tissue, to which many muscles are attached, is

placed between the nerve cords and the ahmentary tiact m the

prosoma of the larger forms (Limulus, Scorpio, Mygale) In the
same and other leadmg forms a pair of much ooued glandular
tubes, the coxal glands (coelomocoels m origin), is found with a duct
opening on the coxa of the fifth pair of appendages of the prosoma
lie vascular system is highly developed (in the non degenerate

forms) ; large arterial branches closely accompany or envelop the
chief nerves ,

caniJlanes are well developed The blood corpuscles

are large amoebifonn cells, and the blood plasma is coloured blue
by hsemocyanin
The ahmentary canal is uncoiled and cylmdneal, and gives nse

laterally to large gastric glands, which are more than a single pair
m number (two to six pairs), aud may assume the form of simple
cseca The mouth is minute and the pharynx is always suctorial,

ne^er gizzard like The gonadial tubes (gonoocels or gonadial
coelom) are originally reticular aud paired, though they may be
reduced to a simpler condition They open on the first somite of
the mesosoma In the numerous degenerate forms sunphfication
occurs by obhteration of the demarcations of somites and the
fusion of body regions, together with a gradual suppression of the
lamelhferous respiratory organs and the substitution for them of
trachese, which, in their turn, m the smaller and most reduced
members of the group, may also disappear

The Eu arachnida are divided mto two grades with reference to
the condition of the respiratory organs as adapted to aquatic or
terrestnal life

Grade a (of the Eu-arachnida) belobeanchia
(Hydropneustea)

Mesosomatxc segments furnished with largo plate like appendages,
Ihe 1st pair actmg as the genital operculum, the remainmg pans
bemg provided with branchial lamellfle fitted for breathmg oxygen
dissolved m water The pwe-genital somite partially or whSly
obliterated m the adult The mouth lying far back, so that the
basal segments of all the prosomatic appendages, excepting those
of the lat pair, are capable of acting as masticatory organs Lateral
eyes oonsistmg of a deii8ely-pa<ied group of eye units (“ com-
;^und” eyes)

Order L Xiifhofiara.—The pm ^genital somite fuses m the
embryo with the proaoma and diippears (see Fig 19). Not free-

swimmmg, none of the prosomatic appendages modified to act as

paddles , segments of the mesosoma and metasoma (=:opisthosoma)

not more than ten in number, distmct or coalesced

Family—Limulidee {Limulus)

„ Belinundse {Belinurus, Aglaspis^ BrAStwicliia).

,,
Hemiaspidae {Semiaspis, Bunodes)

Bcmarlcs—^The Xiphosura are marine m habit, frequentmg the

shore They are represented at the present day by the single genus
Limulus (Figs. 44 and 45 , also Figs 7, 9, 11, to 15 and 20), which

Fig 44—^Dorsal view of Limulus polyphemust Latr One fourth the natural
size linear (From Parker and HasweU, Text hook qf Zoology, after

Leuckart

)

Fio 45 —Ventral view of Lxmuhis j^ypTumus, one fourth the natural size,

linear. 1 to 6, the six prosoxnaxic pairs of appendages ; oibd, the solid
opisthosomatio carapace , tels, the post anal apme (not the telson as the
lettering would seem to imply, but only Its post- anal portion), opere,

the fosM first pair of mesosomatic ^pendages forming the genital oper-
ouLum. (SVom Parker and HasweU, Tea!M>ooh ofZoology, after Leuckart

)

occurs on the Amenoan coast of the Atlantic Ocean, but not on its

eastern coasts, and on the Asiatic coast of the Pacific. The Atlantic
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species {L ^olyphemios) is common on the coasts ot the United
btates and is known as the King Crab or Hoise shoo Ciab A single
specimen was found in the haibour ot Copenhagen in the ISth
centiuy having presumably been earned ovci by a ship to which
it clung
A sjecies ot Lmulus is tound in the Buntcisandstcin of the

y isges , L y alchi is abundant in the Oolitic lithographic slates

ot Bi\aria

The ^eneii Belmuius Aglaspis Piestwichii Hemiaspis and
Bunodes consist ot small foims which occui in Paleozoic locks
In none of thtm aie the appendages known but in the term of the
two caripaces and the presence ot fiee somites they aic distinctly
intci mediate between Limulus and the Tnlobitie The young form
ot Limulus itself (Pig 40) is also similar to aTiilobiteso tu as its

segmentation and tiilobation aie concerned The lateral ejes of
Limulus appeal to be identical m stiucture and position with those
ot certain TiilobitTS

Order 2 Gigantostraca (Figs 46 47) —^Free swumming foinis
with tlie appendages ot the 6th or 5th and 6th pans flattened or

J’lG 4b —Euri/ptervs rischerz, Eichwald Siliman of Rootzikil Restoration
attiti fachinidt half the size of nature The doisal aspect is presented show
mg the prosomatic shield with paired compound eyes and the prosomatic
appendat,es II to VI Ihe small hrst pair of appendages is concealed j&rom
view by the carapace 1 to 12 ire the somites of the opisthosoma 13 the
post anal spine (From Ziti&ls Text bool of Palceonioloffi/ HacmiUans New
York lS9b)

lengthened to act as oars , segments of mesosoma and metasoma
(=opisthosoma), twelve in number
Appendages of anterior pair very large and chelate

Sub order Pteiygotomorpha, Pterygotidae {Pt&rygotus)

Appendages of anteiior pair minute and chelate

( Stylonuridae {Stylomtrus)

Sub order Euiypteromorpha-j Euryptendae {Eurypterits,

Shmonm)
Revmrks—^The Gigantostraca are flequently spoken of as “the

Euryptermes ” Not more than thirty species aie known They
became extmot in Palaeozoic times, and are chiefly found in the
Upper Silurian, thoughextendmgupwardsas far as the Carboniferous
They may be regarded as “ macrourous * Xiphosura , that is to say,

Xiphosura in which the nomomenstic number of eighteen well
developed somites is present and the posterior ones torm a long
tail like region of the oody There still appears to be some doubt
whether m the sub order Eurypteromorpha the first pair of
prosomatic appendages (Fig 46) is atrophied, or whether, if

present, it has the form of a pair of tactile palps or of minute
eheloe Though there are indications of lamelliform respiratory

appendages on mesosomatic somites following that beanng the
genital operculum, w© cannot be said to have any proper know

ledge as to such appendages, and further evidence with icgord to

them IS much to he desired (For literntnic s Zittel, 22*
)

Pig 47 -PUrfgotu osiUens^s bclimidt bilunan ot Rootzkil Restor
tiou ot the ventral suiface one third the natmal size aitti bchi ndt a
camerobtoniL or epihtorai re chili xuiu or iietastemite of tht prosona.
(so called metabtoma) o the compound e^ ts 1 to S segn et ts of th<

sixth prosonatic appenUge I to \ list hvt < pistl osomatic sonites
7 sixth opisthoso atic sonite Observe th powertul gnatlobisses of

the sixth pi r cl prosomatic limls ml the me I an plites behind wi The
dotted line on somite I indicates th \ isit on of th genital operculum
which as probably provide I with branchul lamella (hrom Zttela
Pal 10 t logj )

Grade b (of the Eu arachnida) embolobranchi 4.

( A.eropneustea)

In primitive forms the respiratory lamell'B of the appendages of
the 3rd, 4th, 5th, and 6th, or of the 1st and 2nd mesosomatic
somites are sunk beneath the surface of the body and become
adapted to breathe atmospheric oxygen, forming the leaves of the

so called lung books In specialized forms these pulmonary sacs

are wholly or partly replaced by tracheal tubes The appendages
of the mesosoma generally suppressed

,
in the more primitive forms

one or two pairs may be retained as organs subservient to repro

duction or silk spinning Mouth situated more forwards than in

Belobranohia, no share in mastication being taken by the basal

SI— 68
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segments of the 5th and 6th pairs of prosomatic appendages.

Literal eyes, when piesent, represented by separate ocelli.

The prce-genital somite, after appearing in the embryo, either is

obliterated (Scorpio, Galeodes, Opilio, and others) or is retained as

a reduced narrow region ot the body, the “ waist,” between prosoma

and mesosoina. It is represented by a full-sized tergal plate in the

Pseudo-scorpiones.

Section a. Pecfinifera .—^The primitive distinction between the

mesosoraa and the metasoina retained, the latter consisting of six

somites and the former of six somites in the adult, each of which

is furnished during growth with a pair of appendages. Including

the pne-genital somite (Fig. 16), which is suppressed in the adnlt,^

there are thirteen somites &hmd the prosoma. The appendages of

the 1st and 2nd mesosomatic somites persisting as the genital

operculum and pectones respectively, those of the 3rd, 4th, 5th, and

Gth somites (? in Palmoiihom(>s) sinking below the surface during

giowth in connexion with the formation of the four pairs of

pulmonary sacs (see Fig. 17). Lateral eyes monostichous.

Order 1. Scorpionidea.—^Prosoma covered by a single dorsal

shield, bearing typically median and lateral eyes ; its sternal

elements reduced to a single plate lodged between or behind the

basal segments of the 5th and 6th pairs of appendages. Append-
ages of 1st pair tri-segmented, chelate ; of 2nd pair chelate, with

their basal segments subserving mastication ; of 3rd, 4th, 5th,

and 6th pairs similar in form and function, except that in recent

Fig. 40.—Ventral view of
a lestoration of PaZceo-

phonus Hunteri, Pocock,
the Silurian Scorpion
from Lesmahago, Scot-
land. Restored by Mr.
E. I. Pocock. The meet-
ing of the coxae of all

the prosomatic limbs m
front of the pentagonal
sternum ; the space for a
genital operculum ; the
pair of pectens, and the
absence of any evidence
of pulmonary stigmata
are noticeable in this
specimen. (See Pocock,
Quart. Jour. Micr, Sci,

1901.)

and Carboniferous forms the basal segments of the 3rd and 4th
1

are provided with stemo-coxal (maxillary) lobes, those of the 4th
pair meeting in the middle line and underljdng the mouth. The
live posterior somites of the metasoma constricted to form a ‘‘ tail,”

the post-anal sclexite persisting as a weapon of offence and pro-

vided with a pair of poison glands (see Figs. 8, 10, 12, 13, 14, 15,

21, and 22),

Sub-order Apoxypoda.—The 3rd, 4th, 5th, and 6th pairs of

appendages short, stout, tapering, the segments about as wide as

long, except the apical, which is distally slender, pointed, slightly

curved, and without distinct movable claws.

Family—^Palseophonid®, Palseophonns (Figs. 48 and 49).

Sub-order Dionychopoda.—^The 3rd, 4th, 5th, and 6th pairs of
ap^ndages slender, not evenly tapering, the segments longer than
wide ; the apical segment short, distally truncate, and provided with
a pair of movable claws. Basal segments of the 5th and 6th pairs

of appendages abutting against the sternum of the prosoma (see

Fig. 10 and Figs, 51, 52, and 53).

Family—Pandinidss [Pandims, Opisihophthalmus, Urodaoua),

,, Yejovid® {Vixjo'ois, Jnrus, Bu>scorpiiiSy Broteas),

„ Bothriuridjc [Bothnwrus^ Gerco^'hoTiius).

,, Buthidse

„ *Cyolophthalmid8e {CydopUJwZmm) \ Carhon-

,, *Eoscorpiid® {EoscorpiuSf Oei^romachus

)

iferous.

Peymrlca on the OrScr Scorpionideot.—^The Scorpion is one of the
great animals of ancient lore and tradition. It and the crab are

the only two invertebrates which had impressed the minds of
early men sufficiently to be raised to the dignity of astronomioal
representation. It is ail the more remaxkame that the scorpion
proves to be the oldest animal form of high elaboration which has
persisted to the present day. In the Upper Silurian two specimena
of a scorpion have been found (Figis. 48, 49), one in Gothland and
one in Scotland, which would ho recognized at once as true

scorpions by a child or a savage. The Silurian scorpion, Palceo-

phonus^ dineis, so far as obvious points are concerned, from a

modern scorpion only in the thickness of its legs and in their

temiinating in strong spike-like joints, instead of being slight and
provided with a pair of terminal claws. The legs of the modern
scorpion (Fig. 10 : Fig. 51) are those of a terrestrial Arthropod, such
as a beetle ; whilst those of the Silurian scorpion are the legs of an
aquatic Arthropod, such as a crab or lobster. It is probable that

Fig. 50. —Companion of

the sixth prosomatic
limb ot a recent Scorpion
(B), of Palmophonus (C),

and ofLimulus(A), show-
ing their agreement m
the number of segments

;

in the existence of a mov-
able spine, Sp, at the
distal bolder ot the fifth

segment ; in the corie-

spoiidence of the two
claws at the free end of
the limb of Scorpio with
two spines similarly

placed in Limulus ;
and,

lastly, in the correspond-
ence of the three taloii-

like spines carried on the
distal margin of segment
six of recent Scorpions
with the lour larger hut
similarly situated spines
on the leg of Limulus;
s, groove dividing the
ankylosed segments 4and
5 of the Limulus leg into
two. (After Pocock, Q.
J. Mic. Sci. 1901.)

the Silurian scorpion was an aquatic animal, and that its respiratory
lamellse were still projecting from the surface of the body to serve
as branohiee. No trace of stigmata,” the orifices of the lung-
chambers of modem scorpions, can he found in the Scottish speci-

men of Palseophonus, which presents the ventral surface of the
animal to view. On the other hand, no trace of respiratory

appendages excepting the pectens can he detected in the specimen
(see Fig. 49).

Fossil scorpions of the modem type are found in the Coal
Measures. At the pesent day scorpions ofvarious genera are found
in all the warm regions of the world. In Europe they occur as far

north as Bavariaand the south ofFrance. The largest species measure

Fio. 51.—Drawing from life of the desert Scorpion, Buthvs austraiis, Lin.,

from Biskra, N. Africa. (Prom Laukester, Journ. Umi. Soc. Zool. vol. xvi.

1881.)

9 inches from the front ofthe head to the end ofthe sting, and occur in

tropical India and Africa, Between 200 and 300 species are known.
The scorpions use their large chelsefor seizing prey and for fighting

with one another. They never use the sting when (as frequently

happens) they attack another scorpion, because, as was ascertainedby
A. G. Bourne (24), the poison exuded by the sting has no injurious

efFe^ on another scorpion nor on the scorpion itself. The stories ofa

scorpion stinging itself to death when placed in a circle of burning
coals are due to erroneous observation. When placed in such a
position thescorpion faints and becomes inert. It is found (Bourne,

24) that some species of scorpion faint at a temperature of 40“ cent
They recover on being removed to pooler conditions. A scorpion

having seized its prey (usually a large insect, or small reptile or
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mammal) ^^tll the large cliehie biings its tail o\ei its head, and
deliberately punctures the struggling victim twice ith its sting (Fig.

52). The poison of the sting is similar to snake-poison (Calmette),

and rapidly paralyses aninials which aie not immune to it. It is

probably only sickly adults or young children of the human race

who can be actually killed by a scorpion’s sting, ^yhen the scorpion

has paralysed its prey in this way, the two shoi t chelicerae arc brought
into play (Fig. 53). By the crushing action of their pincers, and
an alternate backward and 'forward movement, they bring the soft

hlood-holding tissues of the victim close to the minute pin-hole

aperture which is the scorpion’s mouth. The muscles acting on
the bulb-like pharynx now set up a pumping action isee Huxley,

26); and the juices— but no solid matter, excepting such as is

reduced to powder—are sucked
scorpion’s alimentary

canal. A scorpion a])pears to <

prefer for its food another acor-

pion, and will suck out the

juices of an individual as large

as itself. When this has taken
place, the gorged scorpion be-

comes distended and tense in

Fig. 52.—Dra-fting frouiliio Oi tliertahan the mesosomatic region. It
fcjeoipion Etiscorpius italtcus, Ilerbst, is certain that the absorbed
holding a blue-bottle fly with its left do not nopiTnv the ali-
chela, and carefully piercing it between

ao not occupy tne an

head and thorax with its sting. Two mentary canal alone, but pass
insertions of the sting are effected and also into its caecal off-sets,
tie fly IS instantly paralysed by the ,Thieh are the ducts of the
poison so introduced into its body, oos
(From Lankester, Jo2im. Li7m. Soc.) gastiic glands (see Fig. 33).

^
All Arachnida, mcluduig

Limuliis, feed by suctorial action in essentially the same w^ay as

Scorpio.

Scorpions of various species have been observed to make a hissing

noise when disturbed, or even when not disturbed. The sound is

produced by stridulating organs developed on the basal joints of

the limbs, which differ in position and character in different genera

(see Pocock, 27). Scorpions copulate with the ventral surfaces in

contact. The eggs are fertilized, practically in the ovary, and develop

ill situ. The yonng are bom fully formed and are carried by the

mother on her back. As many as thirty have been counted in a brood.

For information as totheembi'yologyot scorpions, the readeris referred

to the works named in the biblio^aphy below. Scorpions do not

possess spinning organs nor form either snares or nests, so far as is
J

known. But some species inhabiting sandy deserts form exten-

sive burrows. The fifth pair of prosomatio appendages is used by
these scorpions when burrowing, to kick back the sand as the

burrow is excavated by the great chelae.

Eoferences to works dealing with the taxonomy and geographical

distribution of scorpions are given at the end of this article (28).

Section j8. Jffpectinata.—^The primitive distinction between the

mesosoma and the metasoma w'holly or almost wholly obliterated,

the two regions uniting to form an opis-

thosoma, which never consists of more
than twelve somites and never bears ui
appendages or breathing-organs behind g ^
the 4th somite. The breathing-organs

of the opisthosoma, when present, re-

presented by two pairs of stigmata,

opening either upon the 1st and 2nd
(Pedipalpi) or the 2nd and 3rd somites y ^

j

(SolLfug^e, Pseudo-scorpiones), or by a
:

single pair upon the 3rd (? 2nd) somite

(Opiliones) of the opisthosoma, there '"m
being rarely an additional stigma on W |/^
the 4th (some Solifugse). The append-

ages of the 2nd somite of the opis- r
thosoma absent, rarely minute and bud-
like (some Amblypygi), never pectini- W
form, A prae-genital somite is often IJ

]^)resent either in a reduced condition 01

iforming a waist (Pedipalpi, Araneae, M
Palpigradi) or as a full-sized tergal

plate (Pseudo-scorpiones) ; in some it (r
is entirely ateophied (Solifagte Hole-
somata, and Xtuyncliostomi). Juaterai carrying tlie now paralysed
eyes when present diplostiohous. fly bold in its cbebcerR*, the

Jtemarhs.—^The Epectinate Arachnids chelae liberated ^r attack and

do not stand so cfose to the aquatic

ancestors of the Embolobranchia as do Scv.)

the Pectiniferous scorpions. At the

same time we are not justified in supposing that the scorpions

stand in any way as an intermediate made between any or the

existing Epectinata and the Delobranmiia. It is probable that

the Pedipalpi, Aranese, and Podogona have been separately evolved

as distinct lines of descent from the ancient aquatic Arachnida.

The Holosomata and Rhynchostomi are probably off-shoots from
the stem of the Aranese, and it is not unlikely (in view of the

structure of the prosomatio sonutob of the TaiUiides' that the
Solifugae arc connected in origin with the Pedipal]u. Tlie ajipe^irr-

ance of traehe<B in place of lung-sacs cannot be regaided as a .start-

ing-point for a new line of descent comprising all the tracheate

fmms; tiachcm seem to ha\e developed independently in difleienfc

lines of descent. On the whole, the Epectinata are higlily .s[KTial-

ized and degenerate foims, though theie are few*, if any, animals
which suij>a.ss the spideis in rapidity of movement, deadliness of
attack, and constructive instincts.

Order 2. Pedipalpi (Figures 54 to 59).—Appendages of 1st

pair bisGgmented, w*ithout poison gland : of 2nd pair prehensile,

their basal segments underlying the proboscis, and iiirnished with

lLISt-

»-J « I » .St- 5
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Fig. 54.

—

Tlielypkoiiu% one of the Pedipalpi. A, ventral view; I, chehcem
(detached) ; II, chelte ; III, palpifonn limb ; IV to VI, the walking legs

;

sic, stemo-coxal process (gnathobase) of the chela* ; $t\ anterior sternal plate

of the prosoma ;
sfS, posterior sternal plate of the prosoma

;
pregen, position

of the prae-genital somite (not .seen) ; i, Z, position of the t-wo pulmonary sacs

of the nght side ; 1 to 11, somites ot the opisthosoma (mesosoma plus meta-
soma) ; i7isg, stigmata of the tergo-stemal muscles ; an, anus. B, dorsal
view of the opisthosoma of the same; pieffen^ the prie-genital somite; p,
the tergal stigmata of the tei go-sternal muscles

; paf, post-anal segmented,
lilament corresponding to the post-anal spine ot Limulus. (From Lankester,

Q. J. Mic. Hci. N.S. vol. xxi. 1881 )

btemo-coxal (maxillary) process, the apical segment tipped with a

single movable or immovable claw* ; appendages ot 3rd pair

difierent from the remainder, tactile in function, -with at least the

apical segment many-jointed and clawdess. The ventral surface of

the prosoma bears prosternal, metastemal, and usually mesosternal

chitine-plates (Fig. 55). A narrow praj-genital somite is present

between opisthosoma and prosoma (Figs. 55, 57). Opisthosoma
consisting of eleven somites, almost wholly without visible

appendages. Intromittent organ of male beneath the genital

operculum (=sternum of the 1st somite of opisthosoma).

Fig. 55,—r/ifZi/phonitssp. Ventral
view of the anterior portion
of the body to show' the three
prosomatio sternal plates g, b,

c, and the rudimentary sternal
element of the pi je - genital

somite; opisth 1, flrst somite
of the opisthosoma. (Prom a
drawing made by Mr. Pickaxd-
Camhridge, underthe direction

of Mr. R. 1. Pocock.)

N'ote. — The possibility of another interpretation
^

of the

anterior somites of the mesosoma and the prae-genital somite must
be home in mind. Possibly, though not probably, the somites

carrying the two lung-sacs correspond to the first two lung-bearing

somites of Scorpio, and it is the genital opening which has shifty.

The same caution applies in the case of the Araneic- Excalation

of one or of two anterior mesosomatic somites, besides the pras-
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gcnitil bomitej ^vould then have to be supposed to have occurred

also

bub ordei a Uioi^gi — Piosoma longer than wide its

sternal aiea \eiy iiiiiow liunished with a laige piosternal and
Tuctisteinal plate and otten with a small niesosternal sclente

Ipptndages ot 2nd pan with then basal segments united in the

middle lint and incapable of lateial movement ,
appendages ol 3rd

pan with only the apical segment many jomted Opisthosoma

without tiace of ijipendages its posteiioi somites narrowed to form

y

772,

Pig 56 —Theljphomos assameribis ^ Ventral surface of the anterior region

of the opisthoboma the first somite being pushed upwards and forwards so

as to expose the subjacent stuictures opistho 1, First somite of the opis

thosoma opistlio 2 second do g genital aperture I edges of the lamellae

of the lung bool s ,
m stigmata of tprgo sternal muscles (Original drawing

by Atr Pocock

)

a movable tail foi the support of the post anal sclente, which has
no poison glands

Tribe 1 Urotnoha —Dorsal area of prosoma covered with a

smgle shield two m GmalwiurcC)^ beaimg median and lateral

eyes Post anal sclente modified as a long many jomted feeler

Append iges ol 2nd pan folding in a honzontal plane, completely

chelate the claw immovably united to the six^th segment. Re
spiiatory oigans present m the foim of pulmonary sacs

Family—Thelyphonidse {Thelyjpihonus (Fig 54), My^poctorms^

GeraUnura)
Tnbe 2 Tartandes —Small degenerate forms with the dorsal

area of the prosoma furnished with two slnelds, a laiger in front

Pig o7 —Sc/tt o/Kti US ^oKizcmuscras
cawJatvs one ot the Tar suavOatus, a Tartand
tand pedipalpi Ventral Pedipalp Dorsal view

view of a female with the of ^ male with the

apf endages cut short neai appendages cut short

the base a I*robternum I "to VI, the proso

ofprosoma 6 metastemum inotie appendages a,

of prosoma , vr e gen, the anterior plate, and 6,

pim genital somite 1 opisth posterior plate of the

first somite of the opistho prosomatic carapace

,

soma, 11 opisth eleventh jprm tergum of the

somite of the opisthosoma genitalsomite
, 11

pa, post anal lobe of the the eleventh somite ot

iemale (compare the jointed the opisthosoma
,
pa,

filament in rhelyphonm, post anal lobe of the
Pig 54) (Original dra'King male—a conical body
by Mr Pickaid Cambndge, with narrow basal

directed by Mr Pocock) stelk (Onginal as
above )

*

covering the antenor iour somites, and a smaller hehmd ooveimg
the 5th and 6th somites , the latter generally subdivided mto a
right and left portion

, rarely there is a parr of narrow sclentes
interposed between the anterior and posterior shields Eyes
evanescent or absent Appendages of 2nd pair folding in a ver
ticaJ plane, not chelate, the claw long and movable Post anal
sclente short and undivided Ko distinct respiratory stigmata
behind the sterna of the 1st and 2nd somites of the opistho
soma

Family—Hubbaidndce {Scluzomus, Euhbard%a) (Figs o7 59)

Sub 01del b Amblypygi —Prosoma widei than long, covered
above by a single shield beaiing median and lateial eyes, which
have diplostichous ommatea Sternal aiea broad, with prostemal
two mesosteinal, and metasteinal plates, the piosteinum piojectmg
foiwaids beneath the coine ot the 2nd pan ot appendages Append
ages of 2nd pan folding m a honzontal plane , then basal segments
freely movable , claw tiee oi tused , basal segments ot 4th and 5th
pans widely separated by the sternal area , appendages of 3id pan
with all the segments except the proximal thiee, toimmg a many

11 Hi IV \ \i 5 11 pa

Fir 59 —Schizomus crassica Ldatus one of the Pedipalpi Lateial view of a
male II to VI, the prosomatic appendages the first being concealed (see
Fig 68) 5 the fifth and 11 the eleventh tergites of the opisthosoma

,
pa

the conical post anal lobe (Original as above )

jointed flagellum Opisthosoma without post anal sclente and
postenor caudal elongation with frequently a pair of small lobate
appendages on the sternum of the 3rd somite Respiratory organs,
as in Urotiicha

Family—Phiynichidne {Fhrymehus, Damon)
,, Admetidse {Admetus, Eeterophrymbs)

,, CharontidTe {Charon^ Sarax)
(Family ^)

—*Geraphrynus
DemarLs —^The Pedipalpi are confined to the tropics and warmei

temperate regions of both hemispheres Fossil forms ocour in the
Carboniferous The small forms known as Schizomus and Eub
bardta are of special inteiest from a moiphological point of view
The Pedipalpi have no poison glands (Reference to liteiature (29) )

Order 3 Aranese (Figs 60 to 64) — Prosoma covered with
a smgle shield and typically furnished with median and lateral
eyes of diplostichous structure, as in the Amblypygi Its sternal
surface wide, contmuously chitmized, but with prostemal and

Pig 60 —Liphistius desuitor, Schiodte one of the Aranese Mesothelse Dorsal
view I to VI, the prosomatic appendages ,45b the fourth fifth, and sixth
tergites of the opishhosoma Between the bases of the sixth pair of limbs
and behind the prosomatic caiapace is seen the tergite of the small prse
genital somite (Original by Pickard Cambridge and Pocock )

metastemal elements generally distinguishable at the antenor
and postenor ends respectively of the laige mesostemum Pro
stemmn underlying the proboscis Appendages of 1st pair have
two segments, as on Pedipalpi, but are furnishedwith poison gland,
and are retroverts Appendages of 2nd pair not underlying the
mouth, hut freely movable and, except in pnmxtive forms, fax
nished with a maxillary lobe ; the rest of the hmb like the legs,

tipped with a smgle claw and quite unmodified (except in 6 )
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RemamiTij; pairs of appendai^es similar m form ind tunction, eich
tipped with two 01 thiee claws Opisthosonu when segmented
showing the same number ot somites as m the Pedipalpi , usually

iinsegmcnted the pi-^ genital somite constucted to ioiiii the waist
the appendages ot its 3id and 4th somites ictainid as spinning
Tiiainraill'B Kespii itoi y oigans (see Fig b3 btcf) asm the Amhl} p\ gi
01 witli the posteiioi pan, laicljr the anteiioi pan as well icpiaced

trachc il tubes Intioimitent oigan ol male in the apical seg
ment ol the 2nd piosomatio appendage
Sub ordeia Mesothel'TL(seel igs 60 to 62) —Opisthosonu distinctly

segmented Imiiished with 11 teigal plates asm theAmhhp\gi,
the \eiitral suiface of the 1st and ind somites with large sternal

Frc 61 — Jijihisti des tUot Ventral
Me IV with the 11 sonatic appendants
cut slioit evceptin^g tit chelicera? (1)
whose sharp retioverts are seen Be
tween the bases of the prosomatic
limbs an anttiior ani a posterior
sfceinal plate (black) aie seen 1 the
sternum ot the first opisbhosomatic or
genital somite to\ img the genital
aperture ind the hist pair of lung sacs
In front of it tht narrow waist is

formed by the soft stei nal area of the
pra genital somite “ the stemite of
the second pibthosomatic somite
covering the posterior pan of lun„
sacs 3 and 4 the spinning appendages
(hubs) ot the opisthosoina a inner
b outer ramus of tht appendage 11
sternite ot the elea enth somite of the
opibthosoma in front of it other rudi
mentary sternitcs an anns (Original
as above

)

I latets, covering the genital apertuie and the two pairs of pulmonaiy
sacs, the sternal plates fiom the 6th to the 11th somites repre

sented by integumental ridges, weahly chitinized in the middle
The two pairs ot spinning appendages letain then piimitive position

m the middle of the lowei suiface of the opisthosoma tar in advance
of the anns on the 3rd and 4th somites, each appendage consisting

of a stout, many jointed outei bianch and a slender, unsegmented
inner blanch Prosonu as in the ^[ygalomoiphse except that the
mesosternal aiea is long and narrow

Family—Liphistiidne (L^jphistius *Arthrolycosa)

Sub order & Opisthothel'B(seeFig 63)—Opisthosomawithout trace

of separate terga and sterna, the segmentation meiely represented

posteriorly by slight integumental folds and the sterna of the 1st

and 2nd somites by the opercular plates of the pulmonary sacs

The spinning appendages migiate to the posteiior end of the opis

thosoma and take up a position close to the anus , the inner

blanches of the anterior pan eithei atrophy or are represented

homogenetically by a plate, the cnbellum, or by an undivided
membianous lobe, the colulus

Tube 1 Mygalomorpbse —The plane of the articulation of the

appendages ot the 1st pair to the piosoma (the retrovert) vertical,

the basal segment piejecting straight forwards at its proximal end,

the distal segment or fang closing backwards m a direction sub
paiallel to the long axis of the body Two pairs of pulmonaiy sacs

5
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Fig 62 —LipTiistiiis disnltoi Lateial -view I to M appendages of the
prosoma cut otf at the base o ocu ar tubeicle pTcegen the prss genital

somite 1 and 2 stermtes of the first and second opisthosomafcic somites
3 and 4 appendages of the third and fourth opisthosomatic somites which
are the spinning organs an 1 in this genus occupy their primitive position
instead of migrating to the anal region as in other spiders *> tergite of tht
fifth opisthosomatic somite , 11, eleventh opisthosomatic somite an anus
(Ongmal

)

Families—^Theraphosidae la Po&cilotliei la) Baiychelidse

{Barychelus^ Plagwhotlm^s) Dipluridse {Diylum, Macrothcle)

Otenundse Aty pidjc Calommata)
Tribe 2 Arachnomorphse —The plane of the articulation of the

appendages of the 1st pair to the piosoma horizontal, the basal

segment projecting vertically dowmwards, at Itast at ite proximal
end, the distal segment or fang closing inwards nearly or quite at

right angles to the long axis of the body The posterior pulmonary
sacs (except in Bypochitus) replaced by tracheal tubes , the antenor
and posterior pairs replaced by tracheal tubes in the (japoniidae

Principal families—^Hypochilidse (Eypochtlm) Dysdendje {Dys
dera, Begestna,) Qa,poTmas&{Oaponia^ Nops) Mistatidse (jp'e/tstoi/a)

Ulohorida3 (
Ulohoncs, Bmqpts) Argiapidse (Bephila^j GasUramnilw

)

Pholcidse {PholciLSf Artema) Agelenidae {Tegenana) L\cosida3

{Lycn^aj Clul lomd v ( <^//// i urn Oh ^ ( nipinside
{Gmplhosa II amtloca) Tlnimsidn Attida b /Ucn<f)

ViQcttidr& (Viol if ct) Fiesid i (Iirsns)

Bewails on the Aran cc—Th S|idcis uo the mibi numtro is

and divtisified gioup of the Ai ichnida about 2000 sjiccies no
known yo notewoithv fossil sjid is art known the list pie
served ire lu anibti ot Oli^ouiu a^i Proto! ico % and iithiolf
co5a ocui in the C irbouiftroub Moipliologically the spiles iit

Fio 63 — \tntril \ w
ot a m ih m\ ilon oi

I houa bpi 1 1 1 1 ) \ I

hp SIS purs of pi Ob
n itiL aj p r s i

piilat ij ippai tus
t the scLOT d '*pi n I

f iioe ss el ilit

tilth )mit of the thud
an^uda^e M luoutl

fro piosteiiiite of tl e

pr s ina 7 niPhO
st n itpot tl t pios 1 11

observt the e utictof
U e coxci. of the sixth
pur of limbs bthiril
it compile Liphistius
(Pig 61) wler this
loes not occur stg

1 lUj, apertui g
t,emtalaperture a anus
with a pair ot bad
wardly migrate! spin
iimg appendages m
ich side of It com

pile the position ot

these append iges m
r iphistius (Pig 61 )
(PromLanl ster I

mulus an ‘^Lricbmd )

lemarkable for the concentration and specialization of their structure,

which IS accompaniedw ith high physiological efhcienoy The laiger

species of Bird’s Kest Spiders (Avuoulana), the opisthosoma ofwhich
IS as large as a bantam s egg undoubtedly attack young buds and
McCook gives an account of the capture in its web by an oidmarr
house spider of a small mouse The ‘ retio^eit or bent ha k
first pair of appendages is piovided with a poison gland opening on
the fang or terminal segment Spideis form at least two kinds

of constructions—snares for the capture of prey and nests for the

preseiv-ation of the young The lattei are only foimed by the

female, which is a larger and more poweiful animal than the male
Like the scorpions the spideis have a special tendency to can

mbalism, and accordingly the male in appioachmg the female foi

the purpose of fertilizing her, is liable to be fallen upon and sucked

Pio 64 —I desulUn Under side of the uphffced genital or first

opisthosomatic somite of the female gr, genital aperture
, p pitted plate

piobably a gland for the secretion of adhesive material for the eggs I the
edges of the lamellte of the luuo books of the first pair (Onginal drawing
bj Pocock)

dry by the object of his attentions The sperm is removed by the

male from the genital apeiture into a special leceptacle on the

teinnnal segment of the 2nd prosomitic appendage Thus held

out at some distance from the body, it is cautiously advanced by
the male spider to the genital apeiture of the female

For an account of the courtship and dancing of spiders, of their

webs and floating lines, the reader is rcferied to the works of

M Cook (30) and the Peckhams (31 ), whilst an excellent account of

the nests of trap door spiders is given by Moggndge (32) Eefcrcnces

to systematic w oiks will also be found at the end of this article (33 )

Order 4 Palpigradi=Microthelyphoiiida(seeFig 65) —Frosoma
covered above by three plates, a larger representing the dorsal elt

ments of the first four somites, and two smallet representtug tin

doisal elements of the 5th and 6th
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Its vtintral surface provided with one prosternal, two

^

meso-

sternal, and one metasternal plate. Appendages of 1st pair con-

sisting of th-iee segments, completely chelate, without poison

gland ; of 2tid pair slender, leg-lie, tipped with three claws, the

A B

i
,

: :
:prcB-i 2 3 4 5 6 7 8

I II III Optstfiosoina

ProsQim

Fig. ij5.—Kwrui)iia nirabilis, Grassi, one of the Palpi^radi. A, ventral view
of prosoma and of anterior re^^ion of opisthosoma with the appendages cut
off near the base ; a and 6, prosternites

;
c, mesostemite ; and d, metaster-

nite of the prosoma; /, ventral surface of the prse-genital somite; p,

sternite of the genital somite (first opisthosomatie somite). B. dorsal view.

I to VI, prosomatic appendages ; 1 opisth, genital somite (first opisthoso-

matic somite). C, lateral view. I to VI, prosomatic appendages ; a, 6, c,

the three tergal plates of the prosoma
;
prce-gen, the prm-genital somite

;

1 to 10, the ten homites of the opisthosoma. D, ehelicera. (Original

drawing by Pocock and Pickard-Cambridge, after Hansen and Sorensen.)

basal segment without sterno-coxal process taking no share in

mastication, and widely separated from its fellow of the opposite

side ; 3rd, 4th, 5th, and 6th appendages similar in form to the 2nd
and to each other.

Proboscis free, not supported from below by either the prosternum
or the basal segments of the appendages of the 2nd pair.

Opisthosoma consisting of only ten somites, which have no
tergal and sternal elements, the pr?e-genital somite contracted to

form a “waist,” as in the Pedipalpi ; the last three narrowed to

form a caudal support for the many-jointed flagelliform telson, as in
the Urotricha. Respiratory organs atrophied.

Family—Koeneniidae {Kcsnenia),

Meniarhs. — A.rx extremely remarkable minute form originally

described by Grassi (34) from Sicily, and since further described by
Hansen (36). Recently the genus has been found in Texas, TJ.S.A.
Only one genus of the order is known.
Orders. SolifagsB=MycetophorsB (see Figs. 66 to 69).—^Dorsal

area of prosoma covered with three distinct plates, two smaller
representing the terga of the 5th and 6th somites, and a larger

representing those of the anterior four somites, although the
reduced terga of the 3rd and 4th are traceable behind the larger

plate. The latter bears a pair of median eyes and obsolete lateral

eyes on each side. Sternal elements of prosoma almost entirely

absent, traces of a prostenium and metasternnna alone remaining.
Rostrum free, not supported by either the prostemum or the basal
segments of the appen^es. Appendages of 1st pair large,

chelate, bisegmented, articulated to the sides of the head-shield

;

appendages of2nd pair simple, pediform, with protrusible(? suctorial)
organ,

_

and no claws at the tip ; their basal segments united in
the middle line and furnished with stemo-coxal process. Remain-
ing pairs of appendages with their basal segments immovably fixed

to the sternal surface, similar in form, the posterior three pairs

furnished with two claws supported on long stalks ; the basal
segments of the 6th pair bearing five pairs of tactile sensory organs
or malleoli. The pne-genital somite is suppressed. Opisthosoma
composed of ten somites. ?AspiratOiry organs trachefid, opening
upon the ventral surface of the 2nd and 3m, and sometime^ also
of the 4th somite of the opiathostrow A stmplementary pair of
trachesB opening behind the hasal s^gmeht of the 4th appendage of
the prosoma.

(? Introinittent organ of male lodged on the dorsal side of the

1st pair of prosomatic appendages.

)

Families— Hexisopodidae {Hexisopus), Solpugidse {Solpuya^

JRhagodes). Galeodidse {GaUodes).

Pig. 66.—Galeodes, sp.j

one of tlie Solifugae.

Ventral view to show
legs and somites. I

to VI, the SIX leg-

hearing somites of
the prosouia ; opisth

1, first or genital

somite of the opis-

thosoma
;

ge^ site of

the genital aper-
ture

;
stj thoracic

tracheal aperture

;

Z2, anterior tiacheal
aperture of the opis-
thosoma in somite
2 of the opistho-
soma ; l^, tracheal
aperture in somite 3
of the opisthosoma

;

a, anus. (Prom Lan-
kester,.“Limulus an
Arachnid.”)

Pig. Q’l.—Galeodes, sp., one of the
Solifugse. Ventral view with
the appendages cut off at the
base. I to VI, prosomatic
appendages ; s, prosomatic
stigma or aperture of the
tracheal system

; 1, first opis-

thosomatie sternite covering
the genital aperture g ; 2,

second opisthosomatie sternite

covering the second pair of
tracheal apertures spl ; sp'i, the
third pair oftracheal apertures

;

10, the tenth opisthosomatie
somite; an, the anal aperture.
(Original by Pickard-Cambridge
and Pocock.)

Pig. 68.—Galeodes, sp,, one of the

Solifugse. Dorsal view. 1 to

VI, bases of the prosomatic
appendages ;

o, eyes ; a, lateral

region of the cephalic plate to

which the first pair of append-
ages are articulated ;

h, cephalic

plate with median eye ; c, dor-

sal clement of somites bearing
third and fourth pairs of ap-

pendages ; d, second plate of

the prosouia with fifth pair of

appendages ; e, third or hinder-

most plate of the prosouia

beneath which the sixth pair

of legs is articulated; 1, 2,

9, 10, first, second, ninth,

and tenth somites of the

opisthosoma ; an, anus. (Ori-

ginal.)

M&rmrhs.— These most strange - looking Arachnids occur in

wanner temperate, and tropical regions of Asia, Africa, and America.

Theix aiiatomy has not been studied, as yet, by means of freshly-
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killed materitil, aud is imperfectlj" known, though the presence of
the coxal glands was determined" by Macleod in 1884. The pro-
portionatelyenormous chelte (chelicerffi) of the lirst pair ofappendages
are not provided with poison glands ; their bite is not venomous.

Galeodes has been made the means of a comparison between the
structure of the Arachuida and Hexapod insects by Haeckel ami
other writers, and it was at one time suggested that there was a

Fig. 69.—GaZeocZfis, sp,, one of tlie Solifu^tfi. I to VI, the six prosomatic
limbs cut short ; o, the eyes ; 5, c, demarcated areaj of tlie cephalic or Jirst

prosomatic plate corresponding respectively to appendages I, II, III and to
appendage IV (see Fig. OS); d, second pUte of the piosoma-carrying appen-
dage V ; e, third plate of the prosoma-carrying appendage VI. The prai-

genital somite is absent. 1, first somite of the opisthosoina ; 2, second do.

;

S, prosomatic tracheal aperture between legs IV and V ; S' and S", opistho-

somatic tracheal apertures ; 10, tenth opisthosomatic somite ; an, amis.
(Original.)

narrowed in front; the appendages of the Ibt pair small, much
narrower, taken together, than the posterior border of the carapace.
Senula oil movable digit of appendages of 1st pair fixed through-
out its lengtJi, and broader at its proximal than at its distal end ;

the inmiovalilc digit with an external process.

Ramily—Cheliferidte {Chclijtr (Figs. 66, 67, 6S), Chiridimi).

,, Garypuke ^Garypus).
Sub-order h. Hemicteuodactyli.—Dui*bal plate of prusuma scarcely

narrowed in front
;
the appendages of the 1st pair large, not much

nariower, taken together, than the posterior border of the cara-

0 pnc-geii 12 3

Fig. '72.—Garypiis Utomlis, one of the Psseudoscorpioiies. Lateral view,
1 to VI, basal segments of the six prosomatic appendages

; o, eyes ; «,
tergite of the pr*-genital somite ; 1, genital or first opisthosomatic soimte

;

2, 3, 10, the .sf^eond, third, and tenth hoiuites of the opisthosoma
; 11, the

minute eleventh somite ; ati, the anus. (Original.)

genetic affinity between the two groups— through Galeodes, or

extinct forms similar to it. The segmentation of the prosoma and
the form of the appendages hear a homoplastic similarity to the

head, pro-, ineso-, and meta-thorax ot a Hexapod with mandibles,

maxillary palps and three pairs of walking legs ; whilst the

opisthosoma agrees in form and number of somites with the ab-

domen of a Hexapod, and the tracheal stigmata present certain

agreements in the two cases. Reference to literature (36).

Order 6. PseTidoscorpioiies=Clielonethi, also called Chemetidia

(see Figs. 70, 71, 72).—Prosoma covered by a single domal shield, at

most furnished with one or two diplostichous lateral eyes ; sternal

elements obliterated or almost obliterated. Appendages of the dst

pair hisegmented completely chelate, furnished wdth peculiar organs,

the serrula and the laMi'm. Appendages of :2nd pair very large and
completely chelate, their basal segments meeting in the middle line,

Eig, 70.—Garypits litorcdiSf one of the
Pseudoscorpiones. Ventral view. I toVI,

l)roboniatic appendages; o, sterno-coxal

lirocess of the basal segment of the
second appendage ; 1, sternite of the
genital or first opisthosomatic somite

;

the prue-genital somite, though repre-

sented by a tergnm, has no separate

sternal plate ; 2 and 3, sternites of the
second and third somites of the opistho-

soma, each showing a tracheal stigma

;

10 and 11, steniites of the tenth and
eleventh somites of the opisthosoma

;

an, anus. (Original by Pocock and
Pickard-Cainbridge.)

Fig. 7l.—Garypu8 litorediSf one of
the Pseudoscorpiones. Dorsal
view, I to VI, the prosomatic
appendages; o, eyes; proe-gen,

prse-genital somite ; 1, tergite of
the genital or first opisthoso-
matic somite ; 10, tergite of the
tenth somite of the opisthosoma;
11, the evane.scent eleventh
somite of ihe opisthosoina ; an,
anus. (Original.)

as in the Uropygi, and provided in front with membranous lip-like

processes underly-ing the proboscis. Appendages of the 3rd, 4th,

5th, and 6th pairs similar in form and!' function, tipped with two
claws, their basal segments in contact in the median ventxul line.

The pr^e-genital somite wide, not constricted, with large tergal

plate, but with its sternal plate small or inconspicuous. Opis-

thosoma composed, at least in many cases, of eleven somites, the
lltli somite veiy small, often hidden within the 10th. Respiratory

organs in the mrm of tracheal tubes opening by a pair of stigmata
in the 2nd and 3rd somites of the opisthosoma. Intromittent

Organ of male beneath sternum of the Ist somite of the opisthosoma*

Sub-order a. Panctenodaotyli^—I)6rsal plate ofprosoma (carapace)

pace. The serrula or the movable digit free at its distal end,
narrowed at the base ; no external lamina on the immovable
digit.

Family—Obisiid.n (Ohmum, Fseiidohisiuiji),

,, Chthoniidae {OJithotiius, Tridcnchtlwnius),

Remarks .

—
^The Book-scorpions—so called because they were, in

old times, found not imfrequently in libraries—are found in rotten

wood and under stones. The similarity of the form of their ap-
pendages to those of the scorpions suggests that they are a
degenerate gi’oup derived from the latter, but tlie large size of the
prfB-genital somite in them would indicate a connexion with forms
preceding the scoi*pions. Reference to literature (37).

Order 7. Podogona=Meridogastra (see Figs. 73 to 76).—Dorsal
area of prosoma furnished with two shields, a larger behind repre-

senting, probably, the tergal elements of the somites, and a smaller
in front, which is freely articulated to the fomer and folds over the

Fig.73.—Cryptostemma
Kanehiiy one of the
Podogona. Dorsal
view of male, en-
larged five times
linear. Ill to VI,
the third, fourth,
fifth, and sixth ap-
pendages of the pro-
sjoma ; a, movable
(hinged) sclente (so-

called hood) over-
hanging the finst

pair of appendage.s

;

b, fused terga ot the
proaoma followed by

C an the opisthosoma of
four somites ; an, anus ; E, extremity of the fifth appendage of the male
modified to subserve copulation. (Original drawing by Pocock and Pickaitl-

Cambridge.)

appendages of the 1st pair. Ventral area without distinct sternal

plates. Appendages of 1st pair, tri-segmented, completely chelate.

Appendages of 2nd pair, wuth their basal segments uniting in the

middle line below the mouth, weakly chelate at apex. Append-
ages of 3rd, 4th, 5th, and 6th pairs similar in form ; their basal

segments in contact in the middle line and immovably welded,
except those of the 3rd pair, which have been pushed aside

so that the bases of the 2nd and 4th pairs are in contact with
each other. A movable membranous joint between the prosoma
and the opisthosoma, the generative aperture opening upon the

IV 111 I

o, 74. — Cryptostemma Ranchi i,

anterior aspect of the proson.a
with the “ hood removed. I to IV,

first to fourth appendages of the
prosoma ; a, basal segment of the
second pair of appendages meeting
its follow in the middle line (see

Fig. 76). (Original di awing by
Pocock and Pickard-Canibridge.)

ventral side of the membrane. Frse-genital somite suppressed ; the

opisthosoma consisting of only four visible somites, in addition

to a tuMar ring round the anal orifice. Respiratory organs

unknown. Intromittent organ of male placed at the dism end of

the appendage of the 5th pair.

Family— Oryptosteimaidse {Crypiostemrm) i^An^krammrtus)

Carboniierous. ,

RemoLrhs m the Rodogma .—^The name given to Hiis small out



544 ARAGHNIDA
remarkable group has reference to the position of the male iutro-

a
Fig. 75.—GryptostoYniDici Kat scTiiif

one of the Podoe:ona. Ven-
tral view. I to VI, the six:

pairs oi appendages of the
piosoma., the last three cut
short; 1, 2, 8, 4, the four
somites of the opistliosoma

;

a, hood overhanging the first

pair of appendages ; &, position

of the genital orifice ; c, part
of 3rd appendage; d, fourth
segment of 2nd appendage.
Observe that the basal seg-

ment of appendage III does
oiot meet its fellow m the
middle line. (Original

_
draw-

ing by Pocock and Pickard-
Cambridge.)

mittent organ (Fig. 73, E). They are small degenerate animals

with a relatively firm integument. Kot more
than four species and twice that number of

specimens are known. They have been found

in West Africa, and South America. A fact of

special interest in regard to them is that the

genus Anthraaomartus, from the Coal Measures,

appears to be a member of the same group. The
name Cryptostemma, given to the first-known

genus of the order, described by Guerin-M6ne-

ville, refers to the supposed concealment of the

eyes by the movable cephalic sclerite. Reference

to literature (38). Fio. 76. — Crypto-

Order 8. Opiliones (see Fig. 77).—Dorsal area sfevimi Karschii.

of prosoma covered by a single shield bearing a
of ap!

pair of median eyes, or one or two pairs of lateral peudages of the

eyes. Sternal elements much reduced. Append- lemale for com-

ages of 1st pair large, three segmented, and com-

pletely chelate
;
of 2nd pair either simple and

pediform, or prehensile and subchelate ; of re-

maining four pairs, similar in form, ambulatory in function.

Mouth lying far back, the basal segment of the 2nd, 8rd, and
sometimes of the 4th pairs of appendages furnished with sterno-

eoxal (maxillary) lobe. Opisthosoma confluent throughout its

breadth with the prosoma, with the dorsal plate of which its

anterior tergal plates are more or less confluent ; nine opisthosomatic

somites traceable ; the generative aperture thrust far forwards be-

tween the basal segments of the 6th or 5th and 6th appendages.

Prse-genital somite suppressed. Respiratory organs, tracheal open-

ing by a pair of stigmata situated immediately behind the basal

segments of the 6th pair of appendages on what is probably the

sternum of the 3rd opisthosomatic somite, and also in some cases

upon the 5th segment of the legs.

Intromittent organ of male lying within the genital orifice.

Sub-order a. Laniatores,—^The area between the mouth below
and the basal segments of the appendages of the 1st pair above
occupied by two unpaired skeletal pieces, the dypeus and labrum.

Sternal area of prosoma occupied by a relatively long and very

narrow sclerite, composed of prosternal and metasternal elements,

and lying between the coxae of the appendages of the 5th pair, and
interposing between the mouth and generative orifice ; the latter

lodged between the basal segments of the appendages of the
6th pair. Appendages of 2nd pair strong, generally spiny, and
armed with a powerful claw. Appendages of 3rd and 4tfi pairs

armed with a single claw
;
those of 5th and 6th with two claws.

Sfcerno-coxal process of 3vd pair of appendages coalesced with the
basal segment ; that of the 4th pair not or scarcely developed.

Principal families—Gonyleptidae {GonylepteSy Gomosomet),

Biantidse {Biantes).

Epedanidse {Bpedamts, Acrobunus),
AssamiidjB {Assamia, Pygoplus).

Oncopodidse {OncopuSy Belitms).
Cosmetidge (Gosmetus),

Sub-order 6. Palpatores.—^Resembling the Laniatores, but with
the sternal area of prosoma very short, the metasternal sclerite

represented by a short transverse plate more or less overlapped
by the forwardly-projecting sternal element of the opisljiosoma

that covers the genital orifice and intervenes between the basal

segments of the appendages of the 5th and 6th pairs. The genital

orifice thus lies far forwards, close behind the mouth and on a
level with the space between the basal segments of the appendages
of the 5th pair. Appends^ of 2nd pair small, weak, in no sense

prehensile, unspined, the claw weak or absent ; the 3rd-6th pairs

of appendages armed with a single claw. Stemo-coxal process of
3rd appendage movably artaculated

; a similar lobe generally present

on basal segment of 4th appen<^e.
Principal families—Ph^angiidfle {Flialmgiumy lAobwmn),

ITemastoimdae {NimastoTiiay Ischyropsalia),

Trogulid® (TrogiUtbSy Andimiocep>&tl'u$).

Sub-01der c. Aiiepignathi.—Basal segments of appendages of 2nd
pair meeting in the middle line across the area that lies between
the mouth below and the basal segments of the appendages of the
1st pair above, to the partial or total exclusion of the unpaired
skeletal pieces, known as the clypeus and labrum. Genital orifice

lying between the basal segments of the appendages of the 6th pair,

and separated from the mouth by a relatively long space occupied
by the inner extremities of the basal segments of the 3id, 4th,

Fig, 77 .—Stylocdlus sw-

nnatraiLUb, one ot tlie

Opilioues; aftei Tho-
rell. Enlarged. A,
dorsal view ; I to VI,
the SIX pro&omatic ap-
pendages ; B, ventral
view of the piosoma
and of the first somite
of the opisthosoma,
with the appendages
I to VI cut oif at the
base

; a, tracheal
stigma

; ma:, maxillary
processes of the coxde
of the third pair of ap-
pendages

; ST, genital
aperture, C, ventral
surface ofthe prosoma
and opisthosoma ; a,

tracheal stigma ; b,

last somite. D, lateral
view of the first and
second pair of append-
ages. E, lateral view
of the whole body and
two first appendages,
showing the fusion of
the dorsal elements of
the prosoma into a
single plate, and of

those of the opisthosoma into an imperfectly segmented plate contmuou:*
with that of the prosoma.

5th, and 6th pairs of appendages, the sternal sclerites being evan-
escent. Appendages of 2nd-6th pairs short and strong, furnished
with a sin^e claw.

Family—Oyphophthalmidae {Oyphqphthahnusy StylomlluSy Pet-

talus).

Eemarks on the Opiliones. — These include the Harvest -men,
sometimes called also Daddy-long-legs, with round undivided bodies
and very long, easily-detached legs. The intromittent organs of

the male are remarkable for their complexity and elaboration. Tlie

confluence of the regions of the body and the dislocation of aper-

tures from their typical position are results of degeneration. The
Opiliones seem to lead on from the Spiders to the Mites. Reference

to literature (39).

Order 9. Ehynchostomi = Acari (see Fig. 78). — Degenerate
Arachnids resembling the Opiliones in many structural points,

but chiefly distinguishable from them by the following features :

—

The basal segments of the appendages of the 2nd pair are united in

the middle line behind the mouth ;
those of the 3rd, 4th, 5th, and

6th pairs are widely separated and not provided with sterno-eoxal

(maxillary) lobes, and take no share in mastication ; the respiratory

stigmata, when present, belong to the prosoma, and the primitive

segmentation of the opisthosoma has entirely or almost entirely

disappeared.

Sub-order a. Gryptostiginata.—Integument hard, strengthened
by a continuously chitinized dorsal and ventral sclerite. Tracheai

typically opening by stigmata situated in the articular sockets

(acetabula) of the 3rd, 4th, 5th, and 6th pairs of appendages.
Family—Oribatidae {Oribatay NothruSy Hoplophorc^.

Sub-order b. Metastigmata.—Integument mostly like that of the
Cryptostigmata. Trachese opening by a pair of stigmata situated

above and behind the base of the 4th or 5th or 6th pair of

appendages.
Families—Gamasidae {Gamasus, Pteroptm).

Argasidse (Argos, Omithodoros).

Ixodidae (Ixodes, BMpicepJialus).

Sub-order c. Prostigmata.—Integument soft, strengthened by
special sclerites, those on the ventral surface of the prosoma
apparently representing the basal segments of the legs embedded in

the skin. Tracheae, except in the agnatic species in which they
are atrophied, opening by a pair of stigmata situated close to or

above the base of the appendages of the 1st pair (mandibles).

Families—Trombidhdae (Tromhidium, Tetranychus).

Hydrachnidae {Mydrachnay Atax).
Halaoaridae (JSalacarus, Leptognathus).

Bdellidae (Bdella, Eupodes),

Sub-order d. Astigmata. — Degenerate, mostly parasitic forms
approaching the Prostigmata in the development of integumeiital

sclerites and the softness of the skin, but with the respiratory

system absent.

Families—^Tyroglyphidae (Tyroglyphus, RMzogl/yphus).
Sarcoptidse (Sarcoptes, AnaZges).

Sub-order e. Vermif<yrmia. — Degenerate atracheate parasitic
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forms with the body pioduced posteriorly into an annulated caudal
prolongation, and the 3rd, 4th, 5th, and 6th pairs of appendages
short and only three-jointed.

Family—Demodicidse {Demodex).
Sub-order /. Tetiapoda .—Degenerate atracheate gall-mites, in

which the body is produced posteriorly and annulated, as in
JDemodex, but in which the appendages of the 3id and 4th
pairs are long and normally segmented, and those of the 5th
and 6th pairs entirely absent.

Family—Eriophyidse {Unophyes, Phyllocoptes),

Ilemarks on the Rhynchostomi .
—^The Aeari include a number of

forms which are of imporiance and special interest on account of
their parasitic habits. The ticks (Ixodes) are not only injurious

as blood-suckers, but are now credited with carrying the geims
of Texas cattle-fever, just as mosquitoes carry those of malaria.

Fig. 78.—B’oZoiAynts nitidissimusj one of the Acari; after Thorell. En-
larged fltteen tunes linear. A, lateral view with appendages III to VI
removed

; 1, plate covering the whole dorsal area, representing the fused
tergal sclerites of the prosoma and opisthosoma

; 2, similarly-formed ventral
plate ; 3, tracheal stigma. B, dorsal view of the same animal ; II to VI,
second to sixth pairs of appendages. The first pair of appendages both in
this and in 0 are retracted. C, ventral view of the same ;

II to VI as in B;
a, genital orifice ; &, anus ; c, united basal segments of the second pair of
appendages ; d, basal segment of the sixth prosomatic appendage of the
right side. The rest of the appendage, as also of app. Ill, IV, and V, has
been cut away. (Original drawing by Pocock and Pickard-Oambridge.)

The itch-insect {Sarcoptes scdbiei) is a well-known human parasite,

so minute that it was not discovered until the end of the
18th century, and ‘‘the itch” was treated medicinally as a rash.

The female burrows in the epidermis much as the female Trap-door
Spider burrows in turf in order to make a nest in which to rear her
young. The male does not burrow, but wanders freely on the

surface of the skin. Demodex folUcxdomm is also a common
parasite of the sebaceous glands of the skin of the face in man, and
is frequent in the skin of the dog. Many Acari are parasitic on
marine and freshwater molluscs, and others are found on the

feathers of birds and the hair of mammals. Others have a special

faculty of consuming dry, powdery vegetable and animal refuse, and
are liable to multiply in manufactured products of this nature,

such as mouldy cheese. A species of Acarus is recorded as infesting

a store of powdered sti^'chnine and feeding on that drug, so

poisonous to larger organisms. Reference to literature (40).
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—

Thorell and Lindstrom.
“ On a Silurian Scorpion, ”^0715^2. Svens. Vet. Akad. Handl. xxi. Ko.

9, 1885.—29. Cambridge, 0. P. “ AKew Family (Tartarides) and
Genus of Thelyphonidea,” Ann. and Mag. Nat. Hist. (4) x. 1872,

p. 413.—Cook. “Hubhardia, a New Genus of Pedipalpi,”

Proc. Bntom. Soc. Washington, vol. iv. 1899.—Kraepolin. Das
Thierreich, Berlin, 1899.

—

Thorell. “Tartarides, &c.” Ann.
Mus. Genova, vol. xxvii. 1889.

—

30. M‘Cook. American Spiders

and their Spinning Work, 3 vols. Philadelphia, 1889-93.

—

31.

Peokham. “On Sexual Selection in Spiders,” Occasional

Papers Nat. Hist. Soc. Wiscoiisin, vol. i. pp. 1-113, 1889.

—

32.

Moggridge. Hunting Ants and Trap-Door Spiders, 1873.

—

33.

Bertkau. Arch. f. Naturgesch. vol. xlviii. pp. 316-62.

—

Idem.
Same journal, 1875, p. 235, and 1878, p. 351.

—

^Cambridge, 0. P.

“Araneidea” in Biologia Oentr. Americana, vols. i. and ii.

London, 1899.— KeyserlinG. Spinnen Amerikas. Kurnherg,
1880-92.

—

Pocock. “ Liphistius and the Classification of Spiders,”

Ann. and Mag. Nat. Hist. (6) x. 1892.

—

Simon. Hist. nat. des

Araign^es, vols. i. and ii. 1892, 1897.—^Wagner. “L’industrie

des Araiieina,” Mdm. Acad. St. Pdtershourg.—Idem. “La mue
des Araignees,” Ann. Sd, Nat. vol. vi.

—

34. Grassi. “Intorno
ad un nuovo Aracnide artrogastro (Kcenenia mirahilis), &c.’* Boll.

Soc. Bnt. Ital. vol. xviii. 1886.— 36. Hansen and Sorensen.
“ The Order Palpigradi, Thorell {Kcenenia), and its Relationships

with other Arachnida,” JEnt. Tidskr. vol. xviii. pp. 233-240,

1898.

—

Kraepolin. Das Thierreich. Berlin, 1901.

—

36. Bernard.
“ Compar. Morphol. of the Galeodidfie,” Trans. Linn. Soc. Zool.

vol. vi. 1896, ibique citata.—DUFOUR. “Galeodes,” Mim. pris.

Acad. Sci. Paris, vol. xvii. 1862.

—

Kraepolin. Das Thierreich.

Berlin, 1901.

—

Pocock. “Taxonomy of Solifugse,” Ann. and
Mag. Nat. Hist, vol, xx.

—

37. Balzam. “ Voyage an Venezuela

(Pseudoscorpiones),” Ann. Soc. Entom. France, 1891, pp. 497-522.
—38. Guerin-Meneville. Rev. Zool. 1838, p. 11.

—

Karsch.
“ Ueber Cryptostemma Guer.” Berliner Entom. Zeitschrift,

xxxviii- pp. 25-32, 1892.

—

Thorell. “On an apparently new
Arachnid belonging to the family CryptostemmMoe* Westv,

Bihang Svenska Vet. Akad. Handligar, vol. xvii. Ko. 9, 1892.

—39. Sorensen. ^‘OpilioTces laniatores,'* Nat. Tidskr. (3)

vol. xiv, 1884.

—

Thorell. “Opilioni,” Ann. Mus. Genova,

voL viii. 1876.—40. Berlese. “Acari, &c., in Italia rep^i.”
Padova, 1892.

—

Canestroni. Acarofauna Italiam. Padova,

1885. — Oanestboni and Kramer. “Deraodicid» and Sar-

coptida” xnl?a5 Berlin, 1899.

—

Michael. “British

Oribatid®,” Ray Soc.^Id&m. “Oribatidse” in Das Thierreich.

Berlin, 1898.— “Progress and Present State of Know-
ledge of Acari,” Joum. Roy. Micr. Soc. 1894. — Kalepa.
“ Phytoptidfie,” Das Thierreich. Berlin, 1898.— Trouessart.
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CUssification des Acariens,” Eev. Sci. Naf. de Vouest, p. 289,

1892.

—

Wagner. JEmbryonal Entwick. von Ixodes. St. Peters-

burg, 1893.—41. Bertkau. “Coxaldrusen der Aracbniden,”

Sitzh. Niederl Gesellsch. 1885.—42. Patten. * ‘ Brain and Sense

Organs of Limulus,” Quavt. Journ. Mic. Sci. vol. xxxv. 1894 : see

also Ms “ Origin of Vertebrates from Arachnids, ” vol. xxxi.

Authorities not cited by numbers in the text :

—

Lung-books.—

B

erteatjx. “Lepoumon des Arachnides,” Xa
Cellule, vol. v. 1891.—Jawarowski. “ Die Entwick. d. sageun.

Lunge bei der Araohniden,” Zeitsch. wiss. Zool. vol. Iviii, 1894.

Maoleod. “Kecherches sur la structure et la signification de

Tappareil respiratoire des Arachnides,” Arch. Biologic, vol. v.

1884.—Schneider, A. “ Melanges Arachnologiques,” in TahUttes

Zoologiques, vol. ii. p. 135, 1892.

—

Simmons. “Development of

Lung in Spiders,” Anier. Journ. Science, vol. xlviii. 1894. Coxal

glands :—Bertkau. “ Ueber die Coxaldrusen der Arachniden,”

Sitzb. d. Niederl. Gesellsch. 1885.—Loman. “Altes und neues

liber das Nephridium (die Coxaldruse) der Arachniden,” Byd. tot

de Eierlcwnde, vol. xiv. 1887.

—

Macleod. “ Glande coxale chez

les Galeodes,” Bull. Acad. Belg. (3) vol. viii. 1884.

—

Pelseneer.
“ On the Coxal Glands of Mygale,” Proc. Zool. Soe. 1886.

—

Tower.
“The External Opening of the brick -red Glands of Limulus,”
Zool. Anzeiger, vol. xviii. p. 471, 1895. Entostemite :

—

Sohim-
KEWITSCH. “Ban undEntwick. desEndosternitesder Arachniden,”

Zool. Jahrb, Anal. Abtheil. vol. viii. 1894. Embryolo^:

—

Baleour. “Development of the Araneina,” Q. J. Micr. Sci. vol.

-ARAL
XX. 1880.—Kingsley. “The Embryology of Limulus,” Journ.
Morphology, vols. vii. and viii.—KiSHiNOUYE. “Development of

Araneina,” Journ. Coll. Sci. Univ. of Japan, vol. iv. 1890.
— Looy. “Development of Agelena,” Bull. Mus. Harvard, vol.

xii. 1885.

—

Metschnikoff. “Embryologie d. Scorpion,” Zeit.

wiss. Zool. vol. xxi. 1871.

—

Idem. “ Embryol. Chelifer,’\Ze^^. wiss.

Zool. vol. xxi. 1871.—SoHiMKEWiTSOH. “ Developpement des
Araignees,” Archives d. Biologic, vol. vi. 1887. Sense organs

;

—Bertkau. “ Sinnesorgane der Spinnen,” Arch. f. mikros.

Anat. vol. xxvii. p. 589, 1886. — Graber. “ Unicorneale
Tracheaten Auge,” Arch. f. mihr. Anat. vol. xvii. 1879.

—

Grenacher, Gebororgane der Arthropoden. Gottingen, 1879.

Kishinouye. “Lateral Eyes of Spiders.” Zool. Anz. vol. xiv.

p. 381, 1891. — Purcell. “Phalangiden Augen,” Zool.

Anzeiger, vol. xv. p. 461.

General works on Arachnida :

—

Blanchard. ‘
‘ Les Arachnides ’ ’

in L'organisation du rkgne animal.—Gaubert. “ Recherches
snr les Arachnides.” Ann. Sci. Nat. (7) vol. xiii. 1892.—Koch,
C. Die Arachniden, 16 vols. Niirnberg, 1831 to 1848,

—

Koch,
Keyserling, and Sorensen. Die Arachniden Australien.
Nurnberg, 1871-90. — Pocock. Arachnida of British India.

London, 1900.

—

Idem. “On African Arachnida, ” in Proc. Zool. Soc.

and Ann. and Mag. Nat. Hist. 1897-1900.

—

Simon. Les Arach-
nides de la France, 7 vols. Paris, 1874-81.—Thorell. “ Arach
nida from the Oriental Region,” Ann. Mus. Genova, 1877-99.

(e. E. L.)

Arsidi Old, a municipal town of Hungary, on the

river Maros, 145 miles S.E. of Budapest; capital of the

county of Arad; a well-equipped modern town, with a

considerable trade, including a large distillery. After the

surrender of Qorgey at Yildgos, the thirteen captured

Hungarian generals were here put to death. A statue

of liberty has been erected to their memory, and the

anniversary of their death is annually celebrated with

great solemnities. There is a museum composed of relics

of the war of national independence of 1848-49. Popu-
lation in 1901, 55,987 ;

of the neighbouring village of

New Arad, 6044.

Arag^uay, River. See Amazon.

Arakan.—This division of Lower Burma on the

eastern seaboard of the Bay of Bengal continues to be
divided into four districts—^Akyab, Northern Arakan Hill

Tracts, Sandoway, and Kyaukpyu, which name has been
substituted for the older Eamri. Its area is 18,540 square
miles, and the population in 1891 was 673,190. The
population at the time of its annexation in 1826 did not
exceed 100,000. In 1898-99 there were 4014 villages,

and the revenue paid was Es.23,83,406. AJkyab re-

mains the only town of importance in the division. Of the

11,865,600 acres in the division, 6,207,270 acres are not
capable of cultivation, and in 1898-99 only 800,720 acres
were cultivated. The great proportion of the cultivable but
not cultivated area was in the Northern Arakan HiU Tracts
district, which is under a superintendent, who is usually
a police officer with headquarters at Paletwa. The area
of the Hill Tracts is 5233 square miles, with a population
in 1891 of 14,627, and containing 317 villages. Of the
population 13,039 were aborigines—mostly Chins, 1204
were Buddhists and Jains, 366 were Hindus, and 18 were
Mahommedans. Only 10,451 acres were cultivated out of
the total area of 3,349,120 acres. The rainfall at Paletwa
in 1898-99 was 123'91 inches. Sixty-five police

order in the district.

Aral (Khvabezm, Aral-denghiz), a large lake of
Central Asia, situated to the E. of the Caspian Sea,
between 43“ 41' to 46“ 45' N. lat, and 58“ 19' to 61“ 47' E.
long., and by its area the second inland salt sea of the
world. It covers 26,166 square miles, and has nearly the
same length as width, namely, about 170 miles, if its

northern gulf (Kichkine-Denghiz) be left out of accouut.

Its depth is insignificant, attaining 222 feet only in a
depression in the north-west, and 90 feet in the middle, so

that notwithstanding its wide area it contains only eleven

times as much water as Lake Leman. Its altitude is 246
feet above the Caspian (Tillo), i.e., about 160 feet above
the ocean.

There is no doubt that in recent historical times Lake Aral had
a mnch greater extension than it has now, and that its present
area is diminishing at a rapid rate. From a map of 1741 it appears
that its north-eastern gulf, Sary-chaganak, protruded about 53 miles
farther than it does now, and this is confirmed by what Meyen-
dorffheard in 1820 from the Kirghiz, namely, that, forty years before,

the lake reached some hills which are now 40 miles from the shore.

Moreover, the large Aibughir Gulf on the southern shore, which
was full of water in 1858, is now quite dry, and the Laudan, the
most western branch of the Amu, which entered this gulf in

1848 and 1859, has quite dried up since. The salinity of its

water is much less than that of the ocean, containing only
0*012 of salt (only 0*006 of chloride of sodium), and the lake
freezes every year for a great distance from its shores. The
opinion that Lake Aral periodically disappeared, which was for a
long time countenanced by Western geographers, loses more and
more of its probability now that it becomes evident that at a
relatively recent period the Caspian Sea extended much farther

eastward than it does now, and that Lake Aral communicated with
it through the Sary-Kamysh depression. The present writer is

even inclined to think that besides this southern communication
with the Casjpian, Lake Aral may have been, even in historical times,

connected with the Mortvyi Knltuk Gulf of the Caspian, dis-

charging part of its water into that sea, through a depression
of the Ust-Urt plateau, which is marked by a chain of lakes

(Chumyshty, Asmantai, &c.). In this case it might have been
easily confounded with a gulf of the Caspian (by Jenkinson).
That the level of Lake Aral was much higher in post-Pliocene times
is proved by the finding of shells of their characteristic species of

Pecten and Mytilus in the Kara-kum, 33 miles fiom the lake at an
altitude of 70 feet above its present level, and peihaps even up to
200 feet (by Syevertsoff

;
see Mnshketoffs Turkestan). The fishes

of Lake Aral belong to fresh-water species, and in some of its rapid
tributaries the interesting Scaphirhynchus, which represents a
survival from the Tertiary epoch, is found. The fishing is very
productive, and about 1000 tons of fish are exported yearly to
Turkestan, Merv, and even Russia. The shores of the lake are

uninhabited, and the nearest settlements are Kazalinsk (7600
inhabitants), 35 miles east, on the Syr, and Chimbai and Kungrad
in the delta of the Amu.

Authorities.—The modern works are: Maksh^ieff’s “De-
scription of Lake Aral,” and Kaulbars’ “Delta of the Amu,” in
Zapishi of Buss. Geogr. Soc., 1st series, v., and new series, ix.—
Grimm’s Studies of the ArcU-Caspian Expedition. — Nikolsky’s
“Fishing in Lake Aral,” iulzvestia. Buss. Geogr. Soc., 1887.—Prof
Mushketoff, Tv/rke^ot/n, vol. i. 1886, which contains rich biblio-
grapMcal indications A. K.)
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Ara.l-Ca.spia.n Regfion (or Depression) is the

name which is given by geographers to the lowlands in
the east of the Caspian Sea, and, by extension, to all the
territory comprised between the Lower Volga, the Aral-
Irtysh water-parting, the Dzungarian Aktau, and the
Hindu Kush. These were also the limits given to it in

an excellent work on the geo-botany of this region by
the Kussian botanist, Borschotf. (See Transcasprvn
Territory.) Owing to its special geological structure

and vegetation, the general aspect of its steppes, ex-

posed to the powerful disintegrating agency of the wind,
and its sandy deserts alternating with prairies and
oases (see Kaea-kum), it represents a distinct geogra-

phical type. Large areas are covered ^nth the character-

istic Aral-Caspian deposits, which spread as a thin layer,
;

attaining a maximum thickness of 90 feet, but are very in,uch

destroyed by the rivers, ^vhich often changed their
j

courses in recent times, and by the winds, which freely

blow over this flat, open territory. They attain their fullest

development in the part of the Aral-Caspian region 'which
|

lies to the east of the Caspian Sea, and consist nearly always
of a yellow-grayish clay, occasionally taking the character

of a more or less compact sandstone of the same
colour. Their typical fossils are shells of species still

lining in both the Caspian and the Aral, but in the shallow

parts of them only
;

namely, according to Mushketoff,

Cardmm edule, L., Dreyssena polymoridia^ Y, Bened.,

dientina litui^ata, Eichw., Adacna vitrea, Eichw., Uydvohia
^tagnalis^ L., in the Kara - kum

;
and Lithoglypkiis

caspias^ Krynitz., Ilydrohia stagnalis^ Anodontaponderosa^
Pfr., and the sponge, 2IeUchnikoioia tuhermlata^ Grimm,
in the Kyzyl-kum. All these are inhabitants of the

littoral zone, and only the Lithoglyphus caspivs is found

at greater depths, not exceeding, however, 100 fathoms in

the Caspian Sea. The exact limits of the great Aral-

Caspian Post-Pliocene Sea are not jet settled, except in the

north-west, where the Ergheni hills of the Kalmyk steppe

are a distinct barrier. As to its northern limits, the same
Aral-Caspian deposits are known to exist 80 miles, but

not more than from 130 to 200 miles, north of Lake Aral.

They quite certainly do not cross the Aral-Irtysh water-

parting. Their eastern limit lies some 100 miles from

Lake Aral, but Severtsoff maintained that they extend

also into the drainage area of Lake Balkhash (q.v.). In
the south the same deposits, containing the same species

of Cardmm^ Dreyssena, Neritina^ and Eydrobia^ are known
to spread without interruption, 160 miles from Lake Aral,

as far as the Bala-ishem wells, in the Sary-kamysh depression

(whose surface is below the level of the Caspian), and up
the Uzboi for 100 miles from the Caspian. As to their

exact extension up the Amu and the Syr, it is not yet known.

It is thus concluded that the Aral-Caspian basin had, in

Post-Pliocene times, a very wide extension, but that it

contained very large islands—^Ust-Urt, &c.—^which divided

it into several parts, its eastern portion communicating

with the western, but by one or two narrow straits.

These channels, which were formerly taken for old beds of

the Amu-daria, have only dried up at a recent epoch, and
most probably they existed in historical times.

See Mushketoff’s Turlcestan^ St Petersburg, 1886, where all

indications of Hteratore are given. (p, a. K.)

Aran Islands, South; three islands—Inish-
more, Inishmaan, and Inisheer—flying across Galway Bay-

on the W. coast of Ireland. The Congested Districts

Board has of recent years made efforts to improve the

condition of the inhabitants, especially by introducing

better methods of fishing, A curing station has been
established at Killeany, Population about 3000.

Ararat, (l) Assyrian Urardhu^ the country in which

547

the Ark rested after the Deluge (Gen. viii. 4), and to which
the murderers oi yennachorib fled (2 Kings xix. 37

;

Isaiah xxxvii. 38). The name Urardhu, originally that of

a principality \vluch included Mount Ararat and the plain

of the Araxes, is given in Assyrian inscriptions from the

9th century n.c. dowm^vards to a kingdom that at one
time included the greater part of the later Armenia. The
native name of the kingdom -was Uiainas, and its capital

w’ds DhtLspas^ now Van. The first king, Sarduris I. {circ.

833 B.a), subdued the country of the Upper Euphrates
and Tigris. His inscriptions arc written in cuneiform, in

Assyrian, -svhilst those of his successors are in cuneiform,
in their own language, which is neither xlryan nor Semitic.

The kings of Biainas extended their kingdom eastward
and -w’estward, and defeated the Assyrians and Hittites.

But Sarduris II. -was overthrown b}^ Tiglath Pileser IL
(743 B.C.), and driven north of the Araxes, w’here he built

Armavir, Arma'itria. Interesting specimens of Biainian
art have been found on the site of the palace of Kusas II.,

near Van. Shortly after 645 b.c. the kingdom fell, possibly

conquered by Cyaxares, and a way was thus opened for

the immigration of the Aryan Armenians. The name
Ararat is unknown to the Ai'merdans of the present day.

The limits of the Biblical Ai*arat are not known, but they
must have included the lofty Ai’menian plateau -which

overlooks the plain of the Araxes on the north, and that
of Mesopotamia on the south. It is only natural that the
highest and most striking mountain in the district should
have been regarded as that upon which the Ark rested, and
that the old name of the country should have been trans-

ferred to it. According to the Babylonian account of the

Deluge, the resting-place of the Ark was “ on the mountain
of Nizir,” which some writers have identified with Mount
Rowanduz, and others wdth Mount Elburz, near Tehrsln.

The Kilrds, Syrians, and Kestorians regard Jebel Judi, on
the left bank of the Tigris, near Jezire, as the mountain.

Sayce, ‘^Cuneiform Inscriptions of Lake Van,” in Journal of
Royal Asiatic Society^ vols. xiv., xx., and xxvi.

—

Maspero,
Hisioire oncimne des penples de V Orient classiqice, tom. iii. Lcs
Empires, Paris, 1899.—Articles, “Ararat,” in Smith's (/
the Bihle, Hastings^ Dictionary of the BiUe, and Encycloj}(ulia

Billica.

(2) Ararat, Armenian Ifasszs, Turkish Egrz Dagh^
“Painful Mountain, Persian, Koh-i-XiJi^ “Mountain of

Noah,” is the name given to the culminating point of

the Armenian plateau which rises to a height of

17,100 feet above the sea. The massif of Ararat rises on
the north and east out of the alluvial plain of the Araxes,

here from 2500 feet to 3000 feet above the sea, and on
the south-west sinks into the plateau of Bayezid, about
4500 feet. It is thus isolated on all sides but the north-

west, where a col about 6900 feet high connects it -with

a long ridge of volcanic mountains. Out of the massif
rise two peaks, “ their bases confluent at a height of 8800
feet, their summits about 7 miles apart.” The higher,

Great Ararat, is “ a huge broad-shouldered mass, more of

a dome than a cone”; the lower, Little Ararat, 12,840
feet, on which the territories of the Tsar, the Sultan, and
the Shah meet, is “ an elegant cone or pyramid, rising with

steep, smooth, regular sides into a comparatively sharp

peak” (Bryce). Both peaks are entirely composed of

igneous rock, but all eruptive activity has long ceased.

On the north and west the slopes of Great Ararat are

covered with glittering fields of unbroken The only

true glacier is on the north-east side, at the bottom of a
large chasm which runs into the heart of the mountain.

The great height of the snow-line, 14,000 feet, compared
with the average of the Alps, 8500-9000 feet, is due to the

small rainfall and the upward rush of dry air from the

plain of the Araxes. The middle zone of Ararat, 5000-
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11,500 feet, is covered vith good i^astuie; tlie upper and

lower zones are for the most part sterile. Many traditions

connected with the Deluge gather round Ararat. The

garden of Eden is placed in the valley of the Araxes

;

Marand is the burial-place of Noah's wife
;
at Arghuri, a

village near the great chasm, was the spot where Noah

planted the first vineyard, and here were shown Noah's

vine, and the monastery of St James, until village and

monastery were overwhelmed by a fall of rock, ice, and

sno^v, shaken down by the earthquake of 1840. Since

1856 Ad’arat has been climbed by Bryce (1876), Markoff

(1888), Pastuchow and Lynch (1893).

BnvcLj Transcaucasia arid Ararat^ 4th ed. 1896 .—Lynch,

Armenia. London, 1901. (c. W. W.)

a municipality and railway station in

Australia, Victoria, in the county of Pipon, 131^- postal

miles N.W. of Melbourne, with which it is connected

(vkt Ballarat) by rail. It is the commercial centre of the

north-western grain and wool producing district, and is

also noted for its quartz and alluvial gold mines. Excellent

wine is made. The district also yields the best timber in

great quantity. Granite, bluestone, limestone, and slate

abound in the neighbourhood. It has a large lunatic

asylum, and is an assize town. Altitude, 1072 feet.

Rainfall (11 years), 24*37 inches. Population (1881),

2740; (1891), 3151
; (1901), 3580.

Ara.S| Araxes, a river which rises in the Bin-geul

Dagh, south of Erzerum, and, after flowing eastward

through the territories of Turkey and Russia, forms the

boundary between Persia and Russia. It formerly joined

the Kur, but since 1897, when it changed its lower course,

it has run direct to the Edzil Agach Bay of the Caspian.

Arauan. See S-ihara.

Arbelaj now Erbfl, a small town east of the Tigris,

in the Mosul vil4yet. The battle in which Alexander

defeated Darius was fought at Gaugamela, on the Bumodus,
now Khazr Su, a tributary of the Greater Zab, and not at

Arbela. In the 14th century the Christians were massacred

and almost exterminated. Population, 4000.

Arbitrage.—Arbitrage is the term applied to the

system of equalizing prices in different commercial centres

by buying in the cheaper market and selling in the dearer.

These transactions, or their converse, are mainly confined

to stocks and shares, foreign exchanges, and bullion
;
and

are for the most part carried on between London and the
Continental capitals, and largely with New York. When
prices in London are affected by financial or political

causes, all other markets are sooner or later influenced, as

London is the banking and financial centre for the com-
merce of the world. It may, however, also occur that
some local event of importance initiates a rise or fall in
a particular market which must ultimately affect other
countries. For instance, a revolution or a threat of one
in France would immediately depress all French securities,

and by exciting the fears of capitalists would stimulate

transfers of funds and raise all the exchanges against
France,

In ordinary times those engaged in arbitrage operate
with a very small margin of profit. The great improve-
ment in postal, telegraphic, and telephonic communication
enables operators to close transactions with amn-ri-pg

rapidity,
^

while competition reduces the margin of profit

to a minimum. Operations in American stocks and
shares are carried on between London and New York on
a vast scale, while transactions in African mining shares
are undertaken to a considerable extent between London
and Paris. The frequent fluctuations in the prices of
the latter securities offer a large and fruitful field to

bold operators possessed of large resources, while those

who have small means often succumb in a commercial

crisis. i\.s regards foreign exchange and bullion, arbitrage

operatorb stand on a fairly sale foundation, the fluctua-

tions being slight and involving little or no risk, although

they yield a very small margin of profit. In fact arbitrage

between London and the continent of Europe has dwindled,

owing to competition, to almost vanishing point, but

operations with distant countries such as India are large

and mainly profitable. Arbitrage vdth India consists

chiefly in buying bills of exchange in London, such as

India Council rupee bills amounting to about 16 millions

sterling annually, and commercial bills drawn against

goods exported to India. The counter-operation consists

in purchasing in India, for short or long delivery, sterling

bills drawn against exports to Great Britain ol Indian

produce, such as cotton, tea, indigo, jute, and wheat. These

operations greatly facilitate trade and the moving of

produce from the interior of India to the seaports. With-

out this assistance Great Britain’s enormous trade could

not be carried on, and she would have to revert to the

primitive system of barter. The same advantages are

afforded to her vast trade with China and Japan, with the

material difference that the supply of Government council

bills is confined to the Indian trade. The balance of trade

with all countries is generally settled by specie shipments

;

hence, with the Far East, silver and gold play an
important part in arbitrage.

It is impossible to imagine the difficulties and contusion

which would arise in the absence of the arbitrageur. It

is the system of arbitrage, based on principles which are

the necessary outcome of successful commerce, which

renders vast operations possible, and greatly facilitates the

enormous British export and import trade, while main-

taining those international connexions which tend to

secure general peace and prosperity. (s. m.)

Arbitra.tion.—Since the publication of the ninth

edition of this work the law as to arbitration has, both in

England and Scotland, undergone considerable modifica-

tion. The principal changes in the English law have been

made by the Arbitration Act, 1889. This statute—which,

it should be noted, is an express code as to proceedings

in all arbitrations—subdivides its subject matter into two
headings :— I. References by consent out of court

;
II.

References under order of court.

L References hy Consent out of Gowri .—Here the first

matter to be dealt with is the submission. A submission

is defined as a written agreement (which must be signed

by both parties or their authorized agents) to submit

present or future differences to arbitration, whether a

particular arbitrator is named in it or not. Under the law

prior to the Act of 1889, (a) an agreement to refer disputes

generally, without naming the arbitrators, was always

irrevocable, and an action lay for the breach of it, although

the court could not compel either of the parties to proceed

under it
;

{h) an agreement to refer to a particular arbi-

trator was revocable, and if one of the parties revoked that

particular arbitrator’s authority he could not be compelled

to submit to it
;

(c) when, however, the parties had got

their tribunal fixed, and were proceeding to carry out the

agreement to refer, the Act 9 and 10 WiU. III. c. 15 pro-

vided that the submission might be made a rule of court,

a provision which gave the court power to assist the

parties in the trial of the case, and to enforce the award of

the arbitrators
;
{d) the statute 3 and 4 Will. IV. c. 42 put

an end to the power to revoke the authority of a particular

arbitrator after the reference to him had been made a

rule of epurt ;
and—a liability which existed also under

the Act of 9 and 10 Will. Ill, c. 15—any person revoking
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the appointment of an arbitrator after the submission had 1

been made a rule of court might be attached. The Arbi-
|

tration Act, 1889, provides that a submission, unless a
contrary intention is expressed in it, is irrevocable except
by leave of the court or a judge, and is to have the same
effect in all respects as if it had been made an order of

|

court. The object of this enactment -was to save the
expense of making a submission a rule of court by treating
it as having been so made, and it leaves the law in this

|

position, that while the authority of an arbitrator, once i

appointed, is irrevocable, there is no power—any more
!

than there was under the old law—to compel an unwilling
'

party to proceed to a reference, except in cases specially

provided for by sections 5 and 6 of the Act of 1889. The
former of these sections deals with the power of the court,

the latter with the power of the parties to a reference, to

appoint an arbitrator in certain circumstances. Section 5
provides that where a reference is to be to a single arbi-

trator, and all the parties do not concur in appointing one,

or an appointed arbitrator refuses to act or becomes incap-

able of acting, or where the parties or two arbitrators fail,

when necessary, to api)oint an umpire or third arbitiator,

or such umpire or arbitrator when appointed refuses to

act, or becomes incapable of acting, and the default is not

rectified after seven clear days’ notice, the court may
supply the vacancy. Under section 6, w^here a reference

is to two arbitrators, one to be appointed by each party,

and either the appointed arbitrator refuses to act, or

becomes incapable of acting, and the party appointing him
fails, after seven clear days’ notice, to supply the vacancy,

or such party fails, after similar notice, to make an original

appointment, a binding appointment (subject to the power of

the court to set it aside) may be made by the other party to

the reference. The court may compel parties to carry out an
arbitration not only in the above cases by directly appoint-

ing an arbitrator, <fec,, or by allowing one appointee! by a
party to proceed alone with the reference, but also indirectly

by staying any proceedings before the legal tribunals to

determine matters which come within the scope of the

arbitration. The court will generally stay proceedings

where the agreement to refer stipulates that the submission

of a dispute to arbitration shall be a condition precedent

to the right to bring an action in regard to it. On the

other hand, the court will refuse to interfere if the subject

matter of the litigation falls outside the scope of the

reference, or there is some serious objection to the fitness

of the arbitrator, or some other good reason of the kind

exists.

An arbitrator (and the following observations apply

mutatis mutandis to an umpire after he has entered on his

duties) has power to administer oaths to, or take the

affirmations of the parties and their witnesses
;
and any

person who wilfully gives false evidence before him may
be prosecuted and punished for perjury. At any stage in

the reference he ma}’-, and shall if he be required by the

court, state in the form of a special case for the opinion

of the court any question of law arising in the arbitration.

The arbitrator may also state his award in whole or in

part as a special case, and may correct in an award any

clerical mistake or error arising from an accidental slip

or omission. The costs of the reference and the award

are in his discretion, and he has a lien on the award

and the submission for his fees, for which, apparently

—

unless upon an express promise to pay them—he can-

not sue.

If there is no express provision on the point in the

submission, an award under the Arbitration Act, 1889,

must be made within three months after the arbitrator

has entered on the reference, or been called upon to act

by notice in writing from any party to the submission.
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The time may, how’ever, be extended by the arbitrator or

by the Court An umpire ii> required to make his aw aid
wuthin one month after the original or extended time
appointed for making the aw-ard of the arbitrators has

exi>ired, or any later day to wdiich he may enlarge it. The
court may by order lemit an aw^ard to the arbitiators or

umpire fur reconhideration, in 'which case the reconsidered

award must be made within three months after the date of

the order. An award may be set aside w here the arbitrator

has misconducted liiiiiself (an arbitrator may also be re-

moved by the court on tiie giouncl of iiiisconduct), or where
it is 'idtj'it lires^ or the aibitrator has been 'v\iifully deceived

by one of the parties, or some such state of things exists.

Otherwise it is tinal. An award may, by leave of the

court, be enforced in the same manner as a judgment or

decree to the same effect. Under the Stamp Act, 1891,
duties ranging from 3d. up to £1, los. are i»ayable on
awards in England or Ireland.

Provisions for the aibitration of special classes of dLsputts aie

contained m many Acts of Pailiament (see, e the Local Govern
ment Acts, 1S88 and 1894, and the Workmen’s Compensation Act,
1S97).

It may also be noted heie that the Concilution Act, 1S96, piovides
macliineiy for the prevenrion and settlement of trade disjjutes,

and that m 189*.^ a chamber of arbitration tor business disputes was
established by the joint action of the Coiporation of the City of

London and the London Chamber of Commerce.

II. Eeferenn^ qin hr Orde?' of Court.—The court or a

judge may refer any question arising in any cause or

matter to an official or special referee, w'hose reiiort may
be enforced like a judgment or order to the same effect

This power may be exercised whether the parties desire it

or not. The official referees are salaried officers of couit.

The remuneration of special referees is determined by the

court or judge. An entire action may be referred, if all

parties consent, or if it involves any prolonged examination

of documents, or scientific or local examination, or consists

wholly or partly of matters of account.

Scotland.—The law of arbitration has been modified by
the Arbitration (Scotland) Act, 1894-. An agreement to

refer to a person not named or to be named by another

peifaon, or to the holder for the time being of any office,

is now valid. The court (?*.e., any lord ordinaly of the

Court of Session or sheriff) may appoint an arbiter, on

the failure of one of the parties on whom the obligation

rests to concur in or make such an appointment. Where
arbiters differ in opinion, they, or (if they fail to agree on

the point) the court, on the application of either party,

may nominate an oversman w^hose decision is to be final.

The provisions of the English Arbitration Act, 1889.

have in substance been adopted by the Indian Legislature

(see Act No. 9 of 1899), and by many of the Colonies

(see, e.ff.y Act No. 13 of 1895, Western Australia; No. 2^
of 189*8, Natal; No. 20 of 1899, Bahamas).

United States.—Arbitration is ordinarily conducted out

of court, but in most States an agreement to settle a con-

troversy in this way may be filed in court, and enforced

by its authority. There are also statutes of the United

States providing facilities for adjusting disputes between

certain classes of employers and woi'kinen in this w^y.

The United States law allow^s arbitration proceedings

between corporations engaged in commerce, between the

States and their employees, to take place before official

arbitrators and at the public expense (30 United States

statutes at large, 424).

Authouities.—Bussell, Arbitration, London, 1900 ; AnnnaZ
Practice, London, 1901.—Eedman, Arbitredion, London, 1897.

—Cbewe, Arbitration Act of 1889, London, 1898. As to Scot?

Law, 6h^een*s Pnc^clopcodia of Scots Zaw^ vol. i.
** Arbitration/*

Edinburgh, 1896. /a w N
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AEBITEATION AND CONCILIATION IN LABOHE DISPUTES.

The terms ‘^arbitration and conciliation,” as em-

ployed in this article, are used to describe a group of

methods of settling disputes between employers and work-

people or among two or more sets of work-people, of which

the common feature is the intervention of some outside

party not directly affected by the dispute. If the parties

agree beforehand to abide by the award of the third party,

the mode of settlement is described as “arbitration.” If

there be no such agreement, but the offices of the mediator

are used to promote an amicable arrangement between the

parties themselves, the process is described as “concilia-

tion.” The third party may be one or more disinterested

individuals, or a joint-board representative of the parties

or of other bodies or persons.

The process here termed “ arbitration ” is rarely an arbi-

' tration in the strict legal sense of the term (at least in the

United Kingdom), because of the defective legal personality

of the associations or groups of individuals who are usually

parties to labour disputes, and the consequent absence in

the great majority of cases of a valid legal “ submission
”

of the difference to arbitration. Trade unions, whether

consisting of employers or workmen, in the United

lUngdom are not corporate bodies capable of entering

through their agents into legally binding contracts. Con-

sequently a written agreement on the part of the repre-

sentatives of employers and workmen to submit a dispute

to the decision of a third party is of no legal force except

as regards the actual signatories.^ Broadly speaking, there-

fore, the provisions of the Arbitration Act, 1889, which
consolidated the law relating to arbitration in general,

would as a rule have no application to the settlement of

collective disputes between employers and workmen, even

if the Act had not been expressly excluded by section 3 of

the Conciliation Act of 1896 in the case of disputes to

which that Act applies. Besides the absence of a legal

“submission,” labour arbitrations differ from ordinary

arbitrations in the fact that the questions referred often

(though by no means always) relate to the terms on which
future contracts shall be made, whereas the vast majority

of ordinary arbitrations relate to questions arising out of

existing contracts. The defective “personality” of the

parties to labour disputes also prevents the enforcement of

an award by legal penalties. Since, however, difficulties

of enforcement affect not only settlements arrived at by
arbitration, but all agreements between bodies of employers

and work-people with regard to the terms of employment,

they are most appropriately considered at a later stage of

this article.

The term “ conciliation ” is ordinarily used to cover a
large number of methods of settlement, shading off in the

one direction into “arbitration” and in the other into

ordinary direct negotiation between the parties. In some
cases conciliation only differs from arbitration in the

absence of a previous agreement to accept the award.

The German “ Gmerheg&richten,^^ when dealing with
labour disputes, communicate a decision to both parties,

who must notify their acceptance or otherwise (see below).

The State Board in Massachusetts sometimes takes similar

action.

The conciliation boards established under the Hew
Zealand Arbitration Act of 1894 (see below) make recom-

^ The House of Lords decided, in the Taff Vale Railway case (1901),

that trade unions may be sued in tort^ but the decision does not refer

to their Status as regards contracts.

mendations, though either side may decline to accept

them and may appeal to the Court of Arbitration, which
in that colony has compulsory powers. Most frequently,

however, in Great Britain the mediating party abstains

from pronouncing a definite judgment of bis owm, but
confines himself to friendly suggestions with a view of

removing obstacles to an agreement between the parties.

On the other hand, it is not easy to define how far the

“outside party” must be independent of the parties to

the dispute, in order that the method of settlement may
be properly described as “ conciliation.” There is a sense

in which a friendly conversation between an employer or

his manager and a deputation of aggrieved workmen is

rightly described as “ conciliation,” but such an interview

would certainly not be covered by the term as ordinarily

used at the present day. Again, when the parties are

represented by agents (e.^., the officials of an employers'

association and of a trade union) the actual negotiators

or some of them may not personally be affected by the

particular dispute, and may often exercise some of the

functions of the mediator or conciliator in a manner not

clearly to be distinguished from the action of an outside

party. It seems best, however, to exclude such negotia-

tions from our purview so long as those between whom
they are carried on merely act as the authorized agents

for the parties affected. In the same way a meeting

arranged ad hoc between delegates of an employers' asso-

ciation and a trade union, for the purpose of arranging

differences as to the terms on which the members of the

association shall employ members of the union is not

usually classed as “conciliation,” unless the meeting is

held in the presence of an independent chairman or con-

ciliator, or in pursuance of a permanent agreement between

the associations laying down the procedure for the settle-

ment of disputes. If, however, the dispute is considered

and arranged not by a casual meeting between two com-

mittees and deputations appointed ad hoc, but by a per-

manently organized “joint committee” or board with a
constitution, rules of procedure, and officers of its own, the

process of settlement is by ordinary usage described as

“conciliation,” even though the board be entirely repre-

sentative of the persons engaged in the industry. Such
joint boards, as will be seen, play a most important part

in conciliation at the present day, and they almost always

have attached to them some machinery for the ultimate

decision by arbitration of questions on which they fail to

agree. Another form of conciliation is that in which the

mediating board represents a wider group of industries

than those affected by the dispute {e.g., the London and
other “ district ” boards referred to below). Moreover,

in some of the most important cases of settlement of

! disputes by conciliation, the mediating party has not been
a permanent board but a disinterested individual, e.g., tbe

mayor, county court judge, government official, or member
of parliament. As will be seen below, tbe Conciliation

Act now provides for the appointment of “conciliators”

by the Board of Trade.

Voluntary trade boards, however permanent joint

boards representing employers and work-people in particular

trades), are at once the most firmly established and the

most important agencies in Great Britain for the prevention

and settlement of labour disputes. Among the earliest of

such bodies was the board of arbitration in the Maccles-

field silk trade, formed in 1849, in imitation of the French

Conseils des Prud^hommes” but which only lasted four

years. The first board, however, which attained any
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degree of permanent success that established for the
hosiery and glove trade in Nottmgham in 18G0, through
the efforts of Mr MundeDa. In 1864 a board was estab-
lished in theWolverhampton building trades, with Mr (after-
wards Sir) Bupert Kettle as chairman, and in 1868 boards
were formed for the pottery trade, the Leicester hosiery
trade, and the Nottingham lace trade. Of the above boards
only the last-named is still actively in existence, though a
joint committee still exists for settling minor questions in
the pottery trade. In 1869, however, there was formed
one of the most important of the still existing boards, viz.,

the board of arbitration and conciliation m the manu-
factured iron and steel trades of the north of England,
with which the names of Rupert Kettle, David Dale, and
others are associated. In 1872 joint committees were
formed in the Durham and Northumberland coal trades
to deal with local questions. The Leicester boot and shoe
trade board, the first of an elaborate system of local boards
in this trade, was founded in 1875. From about 1870
onwards there was a great movement for the establishment
of “ sliding scales ” in the coal and iron and steel trades,

which by regulating wages automatically rendered un-
necessary the settlement of general Tvages by conciliation

or arbitration. These sliding scales, however, usually had
attached to them joint committees for dealing with dis-

puted questions. A sliding scale arranged by Mr (since

Sir) David Dale was attached to the manufactured iron
trade board in 1871. A sliding scale for the Cleveland
blast furnacemen came into force in 1879. Sliding scales

were also adopted in the coal trade in many districts, e.y.,

South Wales (1875), Durham (1877), and Northumberland
(1879). The movement was, however, followed by a re-

action, and several of the sliding scales in the coal trade
were terminated between 1887 and 1889.

The formation on a large scale of conciliation boards in
the coal trade to fix the rate of wages dates from the
great miners’ dispute of 1893, one of the terms of settle-

ment agreed to at the conference held at the Foreign Office

under Lord Rosebery being the formation of a conciliation

board covering the districts affected. Northumberland
followed in 1894, Durham in 1895, Scotland in 1900.

The first general district board to be formed was that

established in London in 1890, through the London
Chamber of Commerce, as a sequel to the Mansion House
committee which mediated in the great London dock strike

of 1889. The example has been followed by several large

towns, but the action taken by the boards in some of these

provincial districts has been very limited.

The most typical form of machinery for the settlement

of disputes by voluntary conciliation is a joint board con-

sisting of equal numbers of representatives of

employed. The members of the

functions board are usually elected by the associations of

of volun- employers and workmen, though in some cases

(e.y., in the manufactured iron trade board) the

bo^s° workmen’s representatives are elected not by
their trade union but by meetings of workmen

employed at the various works. The chairman may be an
independent person, or, more usually, a representative of

the employers, the vice-chairman being a representative of

the workmen. In the arbitration and conciliation boards in

the boot and shoe trade, provision is made by which the
chair may be occupied by representatives of the employers
and workmen in alternate years. An independent chair-

man usually has a casting vote, which practically makes
him an umpire in case of equal voting, but where there is

no outside chairman there is usually provision for reference

of cases on which the board cannot agree to an umpire,

who may either be a permanent officer of the board elected
j

for a period of time (as in the case of several of the boards 1

I

in the boot and shoe trade), or selected ad hoc by the
1

board or appointed by some outside person or body.
Thus the choice of the permanent chairman or umpire of
the miners’ conciliation board, formed in pursuance of the
settlement of the coal dispute of 1893 by Lord Rosebery,
was left to the Speaker of the House of Commons. Since
the passing of the Conciliation Act, several conciliation
boards have provided in their rules for the appointment of
umpires by the Board of Trade.

Conciliation boards constituted as described above
usually have rules providing that there shall alivays be
equality of voting as between employer and w^orkmen, in
spite of the casual absence of individuals on one side or
the other. In order to expedite business it is sometimes
provided that all questions shall be first considered by a
sub-committee, with power to settle them by agreement
before coming before the full board. Boards of concilia-

tion and arbitration conforming more or less to the above
type exist in the coal, iron and steel, boot and shoe, and
other industries in the United Kingdom. A somewhat
different form of organization has prevailed in the cotton-
spinning trade (since the dispute of 1892-93) and in the
engineering trade (since the engineering dispute of
1897-98). In these important industries there are no
permanent boards for the settlement of general questions,
but elaborate agreements are in force between the
employers’ and workmen’s organizations which among
other things proscribe the mode in which questions at
issue shall be dealt -with and if possible settled. In the
first place, if the question cannot be settled between the
employer and his workmen, it is dealt with by the local

associations or committees or their officials, and failing a
settlement in this manner, is referred to a joint meeting
of the executive committees of the two associations. In
neither agreement is there any provision for the ultimate
decision of unsettled questions by arbitration. The agree-
ment in the cotton trade is known as the “Brooklands
Agreement,” and a large number of questions have been
amicably settled under its provisions. In the building trade,

in which (with the exception of the plumbers’ board) there
are at present no national arrangements for conciliation

and arbitration, it is very customary for the local “ working
rules,” agreed to mutually by employers and employed in
particular districts, to contain “ conciliation rules ” provid-
ing for the reference of disputed questions to a joint
committee with or without an ultimate reference to
arbitration. Yet another form of voluntary board is the
‘'district board,” consisting in most cases of representatives
elected in equal numbers by the local chamber of com-
merce and trades council respectively. In the case,

however, of the London Conciliation Board the workmen’s
representatives are elected, twelve by specially summoned
meetings of trade union delegates and two by co-optation.

The functions of district boards are to deal with disputes
in any trade which may occur within their districts, and
of course they can only take action with the consent of
both parties to the dispute, in this respect differing from
the majority of “ trade ” boards, which, as a rule, are
empowered by the agreement under which they are
constituted to deal with questions on the application of
either party. Another interesting type of board is that

representing two or more groups of workmen and some-
times their employers, with the object of settHng “demar-
cation” disputes between the groups of workmen (ie.,

questions as to the limits of the work which each group
may claim to perform). Examples of such boards are

those representing ship-wrights and joiners on the Clyde,

Tyne, and elsewhere. While the arrangements for volun-

ts^ conciliation and arbitration differ in this way-

in various industries, there is an equally wide
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variation in tlie character and range of questions which

the boards are empowered to determine. For example,

some boards in the coal trade the conciliation boards

in Northumberland and the so-called “Federated Districts”)

deal solely with the general rate of wages. Othies,

the “joint committee” in Northumberland and Durham,

coniine their attention solely to local questions not affect-

ing the counties as a whole. The Durham conciliation

board deals with any general or county questions. This

distinction between “general” and “local” questions

corresponds nearly, though not entirely, to the distinction

often drawn between questions of the terms of future

employment and of the interpretation of existing

agreements. Some conciliation boards are unlimited as

regards the scope of the questions which they may
consider. This was formerly the case with the boards in

the boot and shoe trade, but under the “ terms of settle-

ment” of the dispute in 1895 drawn up at the Board of

Trade, certain classes of questions (e.y., the employment of

particular individuals, the adoption of piece-work or time-

work, (fee.) were wholly or partially withdrawn from their

consideration, and any decision of a board contravening

the “terms of settlement” is null and void. A special

feature in the procedure for conciliation and arbitration in

the boot and shoe trade, is the deposit by each party of

^1000 with trustees, as a financial guarantee for the

performance of agreements and awards. A certain class

of conciliation boards, mostly in the Midland metal trades,

were attached to “ alliances ” of employers and employed,

having for their object the regulation of production and of

prices (e.y., the Bedstead Trade Wages Board). Some of

these alliances, however, have been dissolved.

At all events up to the year 1896, the development

of arbitration and conciliation as methods of settling

Legislation
l^'^^our disputes in the United Kingdom was

in%e entirely independent of any legislation. Pre-

United viously to the ConciliationAct of 1896 (described
Kingdom, several attempts had been made by
parliament to promote arbitration and conciliation, but

with little or no practical result, and the Act of 1896
repealed all previous legislation on the subject, at the

same time excluding the operation of the Arbitration Act
of 1889 from the settlement of “ any difference or dispute

to which this Act applies.” The laws repealed by the

Conciliation Act need only a few words of mention.

During the 18th century the fixing of wages by
magistrates under the Elizabethan legislation gradually

decayed, and the Acts 20 Geo. II. c. 19 and 31 Geo. II.

c. 11, gave summary jurisdiction to justices of the peace to

determine disputes between masters and servants in certain

circumstances, although no rate of wages had been fixed

that year by the justices of the peace of the shire. These
and other laws, relating specially to disputes in the cotton-

weaving trade, were consolidated and amended by the
Arbitration Act of 1824. This Act seems chiefly to have
been aimed at disputes relating to piece-work in the

textile trades, though applicable to other disputes arising

out of a wages contract. It expressly excluded, however,
the fixing of a rate of wages or price of labour or work-
manship at which the workmen should in future be paid
unless with the mutual consent of both master and work-
men. The Act gave compulsory powers of settling the
disputes to which it relates on application of either party
to a court of arbitrators representing employers and
workmen nominated by a magistrate. The award could

be enforced by distress or imprisonment. The Act was
subsequently amended in detail, and by the “ Councils of

ConciHation Act” of 1867 power was given to the Home
Secs^tary to license “ equitable councils of conciliation and
aAitration” equally representative of masters and work-

men, •v^’^ho should thereupon have the powers conferred by
the Act of 1824. The Act contains provisions for the

appointment of conciliation committees, and other details

w’hich are of little interest seeing that the Act was never

put into operation. Another amendment of the Act of

1824 was made by the Arbitration (Masters and Workmen)
Act of 1872, which contemplated the conclusion of agree-

ments between employers and employed, designating some
hoard of arbitration by which disputes included within the
scope of the former Acts should be determined. A master
or workman should be deemed to be bound by an agreement
under the Act, if he accepted a printed copy of the agree-

ment and did not repudiate it within forty-eight hours.

Like the previous legislation, however, the Act of 1872
was inoperative. The evidence given before the Eoyal
Commission on Labour (1891-94) disclosed the existence of

a considerable body of opinion in favour of some further

action by the state for the prevention or settlement of

labour disputes, and some impetus was given to the move-
ment by the settlement through official mediation of

several important disputes, e.y., the great coal -miners’

dispute of 1893 by a conference presided over by Lord
Kosehery, the cab-drivers’ dispute of 1894 by the media-
tion of the Home Secretary (Mr Asquith), and the hoot

and shoe trade dispute of 1895 by a Board of Trade
conference under the chairmanship of Sir Courtenay
Boyle. In these, and a few other less important cases,

the intervention of the Board of Trade or other depart-

ment took place without any special statutory sanction.

The Conciliation Act passed in 1896 was framed with a
view to giving express authorization to such action in the

future.

This Act is of a purely voluntary character. Its most
important provisions are those of section 2, empowering
the Board of Trade in cases “ where a difference exists or

is apprehended between any employer, or any class of

employers, and workmen, or between different classes of

workmen,” to take certain steps to promote a settlement

of the difference. They may of their own initiative hold
an inquiry or endeavour to arrange a meeting between the

parties under a chairman mutually agreed on or appointed

from the outside, and on the application of either party
they may appoint a conciliator or a board of conciliation

who shall communicate with the parties and endeavour to

bring about a settlement and report their proceedings to

the Board of Trade. On the application of both parties

the Board of Trade may appoint an arbitrator. In all cases

the Board of Trade has discretion as to the action to be
taken, and there is no provision either for compelling the

parties to accept their mediation or to abide by any agree-

ment effected through their intervention. There are other

provisions in the Act providing for the registration of

voluntary conciliation boards, and for the promotion by
the Board of Trade of the formation of such boards in

districts and trades in which they are deficient. During
the first five years after the passage of the Act (Le., up to

the middle of 1901) the number of cases aiising under

section 2 (providing for action by the Board of Trade for

the settlement of actual or apprehended disputes) was 113,

and the number of settlements effected 70. Of the 43

disputes not settled under the Act, 10 were settled between

the parties during the negotiations, and in 33 cases the

applications were refused by the Board of Trade, or their

efforts to effect a settlement were unsuccessful. Of the

70 settlements, 32 were effected by conciliation and 38

by arbitration. At present, however, the number of

cases of arbitration under the Act appears to be increas-

ing compared with those of conciliation, and several

voluntary conciliation boards formed or reorganized since

the passage of the Act provide in their rules for an
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appeal to the Board of Trade to appoint an umpire in
case of a deadlock. Eighteen boards are known to have
already adopted this course. The figures given above show
that the Conciliation Act of 1896 has by no means, like
previous legislation, been a dead letter, though the number
of actual disputes settled is naturally small compared with
the total number annually recorded. In spite of the com-
plete discretion given to the Board of Trade as regards the
offer of its services and to the parties as regards acceptance of
its intervention, experience in the great engineering dispute
of 1897 and the South Wales coal dispute of 1898, appears
to show that public opinion may put pressure on the Board
to attempt mediation in a dispute vrhich has attracted
popular attention, whatever may be the attitude of the
parties directly concerned

;
and there has been a tendency in

some cases to make the action or inaction of the Department
a subject of parliamentary debate. Under these conditions
intervention must sometimes lead to disappointment,and the

danger must also be borne in mind that the expectation of

official intervention may occasionally lead the losing side

to prolong a hopeless dispute. If, however, direct official

mediation in labour disputes is attended vrith difficulties,

these do not apply to the appointment by the Board of

Trade of umpires and arbitrators, on an application by
both parties or by a voluntary conciliation board.

Arbitration and conciliation in labour disputes as prac-

tised in the United Kingdom are entirely voluntary, both
as regards the initiation and conduct of the

^or^com^
negotiations and the carr5dng out of the agree-

pulsiotu resulting therefrom. In all these respects

arbitration, though terminating in what is called

a binding award, is on precisely the same legal footing as

conciliation, which results in a mutual agreement. Various

proposals have been made (and in some cases carried into

effect in certain countries) for introducing an element of

compulsion into this class of proceeding. There are three

stages at which compulsion may conceivably be intro-

duced. (1) The parties may be compelled by law to

submit their dispute to some tribunal or board of concilia-

tion; (2) the board of conciliation or arbitration may
have power to compel the attendance of witnesses and the

production of documents
; (3) the parties may be compelled

to observe the award of the board of arbitration. The most
far-reaching scheme of compulsory arbitration in force in

any country is that embodied in the New Zealand Industrial

Conciliation and Arbitration Act of 1894. Bills have been

introduced into the British House of Commons for clothing

voluntaryboards ofconciliation and arbitration, under certain

conditions, with powers to require attendance of witnesses

and production of documents, without, however, compelling

the parties to submit their disputes to these boards or to

abide by their decisions. In the United Kingdom, how-
ever, more attention has recently been given to the

question of strengthening the sanction for the carrying out

of awards and agreements than of compelliag the parties

to enter into such arrangements. Am interesting step

towards the solution of the difficulty of enforcement in

certain cases is perhaps afforded by the provisions of the

terms of settlement of the dispute in the boot and shoe

trade drawn up at the Board of Trade in 1895. Under
this agreement £1000 was deposited by each party with

trustees, who were directed by the trust-deed to pay over

to either party, out of the money deposited by the other,

any sum whi^ might be awarded as damages by the

umpire named in the deed, for the breach of the agree-

ment or of any award made by an arbitration board in

consonance with it. Up to the present only one claim

for damages has been sustained under this agreement, the

amount of the damages given against the union being

£300. Nevertheless it cannot be doubted that the

pecuniary liability of the parties has given stability to

the work of the local arbitration boards, and the satisfac-

tion of both sides with the arrangement is shown by the
fact that the trust-deed, which lapsed in March 1900, was
renewed for a further period of two years. Theoretically

a trust deed of this kind can only offer a guarantee up to

the point at which the original deposit on one side or the
other is exhausted, as it is impossible to compel either

party to renew the deposit. A proposal was made by the

Duke of Devonshire and certain of his colleagues on the

Boyal Commission on Labour for empowering associations

of employers and employed to acquire, if they desired it,

sufficient legal personality and corporate character to

enable them to sue each other or their own members for

breach of agreement. This would give the association

aggrieved by a breach of award the power of suing the
defaulting organization to recover damages out of their

corporate funds, while each association could exact

penalties from its members for such a breach. For this

reason the suggestion has met with a good deal of supjxu-t

by those interested in arbitration and conciliation.

Apart, however, from any suspicions entertained of it by
workmen’s associations, the question is not free from
difficulties. The object of the change would be to convex

t

what are at present only morally binding understandings

into legally enforceable contracts. But apart from the

possibility that some of such contracts would be held

by the courts to be void as being “in restraint of

trade,” the tendency might be to give a strict legal

interpretation to vrorking agreements which might de-

prive them of some of tiieir effectiveness for the settle-

ment of the conditions of future contracts between
employers and workmen, while possibly deterring associa-

tions from entering into such agreements for fear of

litigation. Individuals, moreover, could avoid liability by
leaving their associations. Many persons are therefore of

opinion that the present imperfect sanction for agreements
and awards must be accepted as the lesser of two evils.

In countries like New Zealand, where the parties are

compelled to submit their differences to arbitration, some
of the above objections do not apply.

The following statistics are based on the reports of

the Labour Department of the Board of Trade on Strikes

and Lock-outs. The number of boards of

I
conciliation and arbitration known to have

! settled disputes in 1899 was 53, of which 50

i

come xmder the head of “trade,” 2 of “district,”

and 1 of “general” boards. So far as kno’wn about

139 boards are in existence, but several of these did

no active work in 1899. Of the 50 trade boards, 11

are connected with the boot and shoe trade, 9 with

engineering and shipbuilding, 7 with coal-mining, 13 with

iron and steel and other metal trades, 7 with the building

trades, and the others with various miscellaneous industries.

The importance of the questions dealt with by these

boards differs so very greatly—^ranging from the classifi-

cation of a sample to an alteration of wages affecting

hxmdreds of thousands of men—that the statistics of the

number of cases settled tend to be somewhat misleading.

Nevertheless the following figures may be of some interest.

Altogether, 1232 cases were considered by the boards in

1899, of which 506 were withdrawn or settled inde-

pendently of the boards, and 51 were stiU unsettled at

the end of the year. The remaining 675 cases were

settled, 503 by the board or committees and 172 by
arbitrators or umpires. The great majority of the cases

settled were purely local questions. Thus 350 cases--^r

more than half the total—^were dealt with by the “joint

committees” in the Northumberland and Durham coal

trades, which confine their action to local questions, such

S. L — 70
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as fixing the hewing prices” for new seams. Of the

remaining 325 cases, 125 are accounted for by the boot

and shoe trade. Here again a large majority of the cases

were questions of clas&if^ng sample boots, shoes, or

materials, of determining under what heading of the

existing piece-work lists a new pattern of boot or a new

quality of material ought properly to be classified.

During the year, however, several more general questions,

rates of a minimum wage and overtime payment,

afecting considerable bodies of men, were determined by

the boot and shoe trade boards or their umpires. Thirty-

nine cases were settled by a board for the tailoring trade in

Aberdeen—all of minor importance. The iron and steel

trades account for 30 cases, and engineering and shipbuild-

ing for 81. Among the latter are included a considerable

number of demarcation disputes,” t.e., disputes between

two bodies of workmen as to the limits of the work to be

performed by each. Four joint boards representing ship-

wrights and joiners on the Tyne, Tees, and Clyde

respectively, settled 57 such cases in 1899, of which only

4 were relegated to umpires. The great majority of the

above cases did not actually involve stoppage of work,

the most useful work of these permanent boards being the

prevention rather than the settlement of strikes and

lock-outs. During 1899 only 10 strikes were settled by
permanent boards—^in 1898 the number being 19, and in

1897, 12. In none of these years were any of these strikes

of great importance. A certain number of disputes are

settled every year by the mediation or arbitration of

disinterested individuals, 6.y., the local mayor or county

court judge. The number of strikes so settled in 1899

was 26, and in the previous year 16.

The operations under the Conciliation Act have been

separately described above. Altogether, if the work of

all agencies for conciliation and arbitration be included,

the number of strikes and lock-outs settled by these

means in 1899 was 38. During the five years 1894-99

the annual number of strikes so settled varied between 38

and 45. The number of work-people affected by these

disputes in 1899 was 11,705, or about 6 per cent, of the

persons involved in all the 719 disputes recorded in that

year. It is clear from the above figures that the most im-

portant and most hopeful part of the work of agencies for

conciliation and arbitration is the adjustment of differences

that might otherwise lead to stoppage, rather than the

settlement of actual strikes.

The extent to which the methods of arbitration and
conciliation can be expected to afford a substitute for

strikes and lock-outs is one on which opinions
Puture differ very widely. The difficulties arising

Stef***^ from the impossibility of enforcing agreements

or awards by legal process have already been
discussed. Apart from these, however, it is evident that

both methods imply that the parties, especially the work-
pepple, are organized at least to the extent of being capable

of negotiating through agents. In some industries (e.y.,

agriculture or domestic service) this preliminary condition

is not satisfied ; in others the men’s leaders possess little

more than consultative powers, and employers may hesitate

to deal either directly or through a third party with
individuals or committees who have so little authority over

those whom they claim to represent. And even where
the trade organizations are strong, some employers object in

any way to recognize the representative character of the
men’s officials. Becent cases of this kind that attracted

attention were Lord Penrhyn’s refusal to recognize the

Quarrymen’s Union or the quarry committee as repre-

senting his quarrymen, and the refusal of several important

railway companies to deal with the Amalgamated Society

of IMway Servants. The question of the “recognition”

of trade unions by employers is a frequent cause of dis-

putes, and is further referred to in the article on Strikes
AND Lock-outs. It may be observed, however, that it fre-

quently occurs that in cases in which both employers and
employed are organized into associations which are accus-

tomed to deal with each other, one or both parties enter-

tain a strong objection to the intervention of any outside

mediator, or to the submission of differences to an arbitrator.

Thus the engineering employers in 1897 were opposed to

any outside intervention, though ready to negotiate with
the delegates chosen by the men. On the other hand, the

cotton operatives have more than once opposed the pro-

posal of the employers to refer the rate of wages to

arbitration, and throughout the great miners’ dispute of

1893 the opposition to arbitration came from the men,
Naturally, the party whose organization is the stronger

is usually the less inclined to admit outside intervention.

But there have been several recent cases in which employers,

who refused to deal directly with trade union officials,

have been willing to negotiate with a mediator who was
well known to be in communication with these officials

(e.y., in some of the recent railway disputes).

Apart, however, from the disinclination of one or both
parties to allow of any outside intervention, we have to

consider how far the nature of the questions in dispute

may in any particular case put limits to the applicability

of conciliation or arbitration as a method of settlement.

Since conciliation is only a general term for the action of

a third party in overcoming the obstacles to the conclusion

of an agreement by the parties themselves, there is no
class of questions which admit of settlement by direct

negotiation which may not equally be settled by this

method, provided of course that there is an adequate

supply of sufficiently skilful mediators. As regards arbi-

tration the case is somewhat different, seeing that in this

case the parties agree to be bound by the award of a third

party. For the success of arbitration, therefore, it is

important that the general principles which should govern

the settlement of the particular question at issue should

be admitted by both sides. Thus in the manufactured

iron trade in the north of England, it has throughout been

understood that wages should depend on the prices realized,

and the only question which an arbitrator has usually had
to decide has been how far the state of prices at the time

warranted a particular change of wage. On the other

hand, there are many questions on which disputes arise

the employment of non-union labour, the restriction

of piece-work, <fec.) on which there is frequently no common
agreement as to principles, and an arbitrator may be at

a loss to know what considerations he is to take into

account in determining his award. Generally speaking,

employers are averse from submitting to a third party

questions involving discipline and the management of their

business, while in some trades workmen have shown them-

selves opposed to allowing an arbitrator to reduce wages
beyond a certain point which they wish to regard as a

guaranteed “ minimum.”
Another objection on the part of some employers and

workmen to unrestricted arbitration is its alleged tendency

to multiply disputes by providing an easy way of solving

them without recourse to strikes or lock-duts, and so

diminishing the sense of responsibility in the party ad-

vancing the claims. It is also sometimes contended that

arbitrators, not being governed in their decisions by a

definite code of principles, may tend to “ split the differ-

ence,” so as to satisfy both sides even when the demands
on one side or the other are wholly unwarranted. This, it

is said, encourages the formulation of demands purposely

put high in order to admit of being cut down by an arbi-

trator. One of the chief practical difficulties in the way of
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the successful working of permanent boards of conciliation,

consisting of equal numbers of employers and employed,
with an umpire in case of deadlock, is the difficulty of

inducing business men whose time is fully occupied to

devote the necessary time to the work of the boards,

especially when either side has it in its power to compel
recourse to the umpire, and so render the work of the
conciliation board fruitless. In spite of all these difficulties

the practice of arranging differences by conciliation and
arbitration is undoubtedly spreading, and it is to be
remembered that even in cases in which theoretically a
basis for arbitration can scarcely be said to exist, re-

course to that method may often serve a useful purpose
in putting an end to a deadlock of which both parties are

tired, though neither c^res to own itseK beaten.

Colonial Beference must now be made to some of the

and foreign principal laws relating to arbitration and con-
legisiation. ciliation outside the United Kingdom.
New Zealand,—^The New Zealand Industrial Concilia-

tion and Arbitration Act, 1894 (amended in detail by
several subsequent Acts), provides for the incorporation

of associations of employers or workmen under the title

of industrial unions, and for the creation in each district

of a joint conciliation board, elected by these industrial

unions, with an impartial chairman elected by the board,

to which a dispute may be referred by any party, a strike

or lock-out being thenceforth illegal. If the recommen-
dation of the conciliation board is not accepted by either

party, the matter goes to a court of arbitration consisting

of two persons representing employers and workmen re-

spectively, and a judge of the supreme court. The award
of this court is enforceable by legal process, financial

penalties up to £500 being recoverable from defaulting

associations or individuals. If the property of an associa-

tion is insufficient to pay the penalty, its members are

individually liable up to £10 each. During the year

1899-1900 thirty-four cases were considered by the con-

ciliation boards, and twenty were sent to the arbitration

court. In addition, nine cases of breach of award or

agreement were dealt with.

The above is only an outline of the principal provisions

of this interesting Act, under which questions of wages,

hours, and the relations of employers and workmen
generally in New Zealand are now practically the subject

of state regulation. Whatever may be the result of the

Act when its indirect effects have had time to develop, it

is clear that it goes far beyond the mere settlement of

strikes, and is more properly to be judged as a measure

for the state regulation of industry.

N&w South Wales.^—In New South Wales a “ Concilia-

tion and Arbitration Act” was passed in 1899, resembling

the United Kingdom Act in the general character of its pro-

visions, except that an arbitrator or investigator appointed

by Government is invested with compulsory powers of sum-

moning witnesses, entering premises,and examining on oath.

Canada.—^In 1900 a Conciliation Act was passed by
the Dominion Parliament resembling the United Kingdom
Act in most of its features.

Framjce.—^The French Conciliation and Arbitration Law
of December 1892 provides that either party to a labour

dispute may apply to the juge de paix of the canton, who
informs the other party of the application. If they concur

within three days, a joint committee of conciliation is

formed of not more than five representatives of each party,

which meets in the presence of the j%ige de jpaiXy who,

however, has no vote. If no agreement results the parties

are invited to appoint arbitrators. If such arbitrators

^ Since this article was written a compulsory Arbitration Law has

been passed in New South Wales (December 1901).

are ai)pointed and cannot agree on an umpire, the president

of the civil tribunal ai>poiiits an umpire. In the ca^e of

an actual strike, in the absence of an application from
either party it is the duty of the juge de paix to invite

the parties to proceed to conciliation or arbitration. The
results of the action of the jn</e de paix and of the con-

ciliation committee are placarded by the mayors of the

communes affected. The law leaves the parties entirely

free to accept or reject the services of the juge de

During the seven years 1893-99 the Act was put in force in

778 cases—viz., 425 on application of workmen, 23 of

employers, 18 of both sides, and 312 without application.

Altogether, 204 disputes were settled—88 per cent, by con-

ciliation and 12 per cent, by arbitration,

Germany.—^In several Continental countiies, courts or

boards are established by law to settle cases arising out of

existing labour contracts

—

e.g.^ the French “ Conseils des

PriuVhommeB^^^ the Italian ^^Pwbl Tin” and the German
Gewerhegerichtenj^—and some of the questionswhich come

before these bodies are such as might be dealt vith in

England by voluntary boards or joint committees. The
majority, however, are disputes between individuals as to

wages due, t&c., which would be determined in the United
Kingdom by a court of summary jurisdiction. It is note-

worthy, however, that the German industrial courts

{Gewerhegerichten) are empowered under certain conditions

to offer their services to mediate between the parties to an
ordinary labour dispute. In the case of a strike or lock-

out the court must intervene on application of both parties,

and may do so of its own initiative or on the invitation of

one side. Failing a settlement at a conference between
the parties in the presence of the president and assessors

of the court, the court arrives at a decision on the merits of

the dispute which is communicated to the parties, who are

allowed a certain time within which to notffy their accep1>-

ance or rejection. The court has no power to compel the

attendance of the parties or the observance of its decision.

During 1896 there were 44 applications for the inter-

vention of the Industrial Courts. Eighteen agreements
were brought about and 1 1 decisions were pronounced by
the courts, of which 2 were accepted by both parties and
9 were rejected. In 8 cases the courts made unsuccessful

attempts to promote settlements -without pronouncing

decisions. The above figures are taken from a statemeut

prepared for the Reichstag commission for considering

petitions (1897-98).

Switzerland.—The canton of Geneva enacted a law in

1900 providing for the settlement by negotiation, con-

ciliation, or arbitration of the general terms of employ-
ment in a trade, subject, however, to special arrangements
between employers and workmen in particular cases. The
negotiations are to take place between delegates chosen by
the associations of employers and employed, or failing

them, by meetings summoned by the Council of State on
sufficient applications. Failing settlement, the Council of

State, on application from either party, is to appoint one

or more conciliators from its members, and if this fail the

central committee of the Prudffiommes,” together with

the delegates of employers and workmen, is to form a
board of arbitration, whose decision is binding. Any
collective suspension of work is illegal during the period

covered by the award or agreement.

United States.—^In the United States several States have

legislated on the subject of conciliation and arbitration,

among the first of such Acts being the “ Wallace '' Act of

1883, in Pennsylvania, which, however, was almost inopera^

tive. Altogether, 24 States have made constitutional or

statutory provision for mediation in trade disputes, of

which 17 contemplate the formation of permanent State

. boards. The only State laws which require notice are
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those of Massachusetts and hTew York providing for the

formation of State boards of arbitration. The Massa-

chusetts board, founded in 1886, consists of one employer,

one employed, and one independent person chosen by both.

The New York board (1886) consists of two representatives

of different political parties, and one member of a hona^fide

trade organization within the State. In both States it is the

duty of the board, with or without application from the

parties, to proceed to the spot where a labour dispute has

occurred, and to endeavour to promote a settlement. The
parties may decline its services, but the board is em-

powered to issue a report, and on application from either

side to hold an inquiry and publish its decision, which (in

Massachusetts) is binding for six months, unless sixty

days' notice to the contrary is given by one side to the

other. Several States (including Massachusetts and New
York) provide not only for State boards, but also for local

boards.

In Massachusetts, during 1899, the State board had
its attention directed to 25 disputes (several, as in previous

years, being in the boot and shoe trade). Of these it

settled 1 by arbitration, and in 6 others promoted a

settlement by conciliation. The remaining cases were

settled independently of the Board, or were unsettled

when the Report was issued.

Federal legislation can only touch the question of arbi-

INTERNATIONAL
tration and conciliation so far as regards disputes affecting

commerce between different States. Thus an Act of June
1898 provides that in a dispute involving serious inter-

ruption of business on railways engaged in inter-State

commerce, the Chairman of the inter-State Commerce
Commission and the Commissioner of Labour shall, on
application of either party, endeavour to effect a settlement,

or to induce the parties to submit the dispute to arbitra-

tion. While an arbitration under the Act is pending a
strike or lock-out is unlawful.

Authoeities.—For the recent development of arbitration and
conciliation in the United Kingdom, see the Annual Reports of the

Labour Department of the Board of Trade on Strikes and Lock-outs
from 1888 onwards. Since 1890 these reports have contained
special appendices on the work of arhitraUon boards. See also

the Labour Gazette (the monthly journal of the Labour Depart-
ment) from 1893 onward. The Reports of the Royal Commission
on Labour (1891-94) contain much valuable information on the
subject. For the working of the Conciliation Act see the Reports
of the Board of Trade on their proceedings under the Conciliation

Act, 1896. For the earlier history in the United Kingdom

—

Crompton, Industrial Conciliation (1876) ; Price, Industrial
Peace (1887). For foreign and colonial developments—^the Report
of the French Office du Travail, Be la Conciliation et de VArbitrage
dans les Confiits Collectifs entre Patrons et Ouvriers en France et d
V!^tranger (1893) ; the Annual Reports of the same Department on
Strikes, Lock-outs, and Arbitration; the Reports of the Massa-
chusetts and New York State Arbitration Boards, and of the New
Zealand Department of Labour ; and the Labour Gazette,

ARBITRATION INTERNATIONAL

I
NTERNATIONAL arbitration is a proceeding in

which two nations refer their differences to one or

more selected persons, who, after affording to each party

an opportunity of being heard, pronounce judgment on the

matters at issue. It is understood, unless otherwise ex-

pressed, that the judgment shall be in accordance with the

lawbywhich civilized nations have agreed to be boundwhen-
ever such law is applicable. An international arbitrator

may be the chief of a friendly power, or he may be a private

in^vidual. When he is an emperor, a king, or a president

of a republic, it is not expected that he will act person-

ally
;
he may by tacit consent appoint a delegate or

delegates to act on his behalf, and avail himself of their

labours and views, the ultimate decision being his only in

name. In this respect international arbitration differs from
civil arbitration, since a private arbitrator cannot delegate

his office without express authority. The analogy between
the two fails to hold good in another respect also. In
civil arbitration the decision or award may be made a rule

of court, after which it becomes enforceable by writ of

execution against person or property. An international

award cannot be enforced directly
;
in other words, it has

no legal sanction behind it. Its obligation rests on the

good faith of the parties to the reference, and on the fact

Qiat public opinion can, with the help of a world-wide
press, always be brought to bear on any state that may
seek to evade its moral duty. The obligation of an
ordinary treaty rests on precisely the same foundations.

True it is that an international award may be disregarded

for excess of jurisdiction, ambiguity of language, or corrupt

conduct on the part of the arbitrator. But each of these

flaws would be equally fatal to a private award. We have
said that it is the duty of an international arbitrator to

decide in accordance with international law. The eminent
jurist, M. Bluntschli, considers that if he does not the

award may be set aside. To admit this doctrine would,
however, lead to endless disputes, since international law
has never been codified. A fresh arbitration might have to

be entered on in order to decide, first/what the law was,

and, secondly, whether it applied to the matter in hand. As
a matter of fact, there is but a single instance on record of

an award being repudiated, viz., that of the king of Holland
in 1831 with regard to the north-eastern boundary of the

State of Maine. That case was, however, a very peculiar

one. The arbitrator was unable to draw the frontier line

by reason of the imperfection of the maps then extant,

and his direction for a further topographical inquiry was
beyond the terms of the reference. The award was, there-

fore, void for excess just as a private award would have
been.

An account of this subject divides itself naturally into

four parts : a brief sketch of past history ;
an examination

of a few selected instances in which international arbitra-

tion has been successfully resorted to
;
an account of the

various treaties and projects for securing its future employ-

ment ; and a short discussion of the limits outside which it

appears to be inapplicable.

In the sense in which the term is now used, international

arbitration is essentially a modern product, since the very exist-

ence of international relations is modern. The nearest mstorv
approach to it before the Christian era was intermuni-
cipal arbitration, as practised in ancient Greece. For example, the
Amphictyonic Councils occasionally acted as arbitrators between
one town and another ; in this way a dispute was settled between
Athens and Delos with regard to a ri^t of precedence in the
temple of Apollo in 344 b.c. The ancient Greek towns also

sometimes referred their differences to a third town, or even to

private individuals. Thus Sparta arbitrated between Athens and
Megara with regard to the possession of Salamis; Periander
between Athens and Mitylene with regard to the promontory of
Sigeum ; and Themistocles between Corinth and Corcyra with
regard to the island or (as it formerly was) the peninsula of

Leucadia, At the period of the Peloponnesian war, the practice

of arbitration had become so well recognized that Thucydides
(i. 85) puts into the mouth of Archidamus, king of Sparta, the
words, “It is impossible to attack as a wrong-doer any one who
is willing to answer before an arbitral tribunal.” But in all these

cases the arbitration was between two Hellenic communities. It

would have been no more possible for a Greek to arbitrate with a
“ barbarian” than to sacrince at the same altar with him.
The exclusiveness which checked the development of arbi-

tration in Greece told against it with tenfold force in Rome.
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Repnblicaii Rome dealt with non-Romans as modern European
governments have dealt with inferior native races. When in 445
B.C. the Republic vas chosen to arbitrate betv een the towns of
Ardea and Aricia, she settled the question by taking the disputed
land for herself. The same thing occurred in 180 B.C-, when a
territorial difference between Neapolis and Nola was referred to
the Roman Senate. Under the Ojesars, frequent recourse was
had to civil or private arbitration, the procedure of which w'as

perfected by the best intellects of the day, but any other kind
was from the nature of things impossible. The vastness of the
territory of Imperial Rome was such that she had practically
nothing external to herself. She proudly claimed to be “the
arbiter of the universe,” so that the notion of her arbitrating
with an outside power involved a contradiction in terms.
The Middle Ages may not inaptly be characterized as a period

of perpetual conflict—between absolutism and democracy, between
great feudal lord and rebellious vassal, between Guelph and
Ghibelline, between Catholic and Protestant. Amid tliis clash of
arms the Popes were not infi’equently appealed to, and there are
several instances of their having acted either in that character or
as mediators. Witness the intervention of Innocent III. between
King John and his barons ; of Boniface YIII. between Edward
I. and Philippe le Bel

;
of Leo X. between Maximilian and the

doge of Venice. A similar r61e was filled by the mediaeval
sovereigns, notably by the kings of Prance. In 1603 a scheme
for establishing a General Council was projected by Sully, the
minister of Henry IV., to which the fifteen states, into which
Europe was to be parcelled out, were to submit all their differ-

ences. Heedless to say, the scheme came to nothing. In truth,

its object was not so much to establish an arbitration tribunal as

to disestablish and disendow the House of Austria—a result

which was reached after the Thirty Years’ War, when northern
Protestant Germany was severed from the Catholic monarchy of

the south. A century after the pubhcation of SuUy’s “ Grand
Design,” a more disinterested and more elaborate scheme was
prepared by the Abb4 St. Pierre for settling all international

disputes by means of a General League of Christendom. Rous-
seau says of it that it failed “because it was madness in its

author to be wise when the majority of people were fools.”

However this may be, the seed sown by the good abbe, although
it fell on barren ground, was not destined to perish. It pro-

duced a crop of other schemes later. Jeremy Bentham, in 1789,

advocated the formation of a General Diet— or Congress—to

which each of the powers should send two deputies, and he sug-

gested making its decisions coercive by puttin^g any refractory

state under the ban of Europe. Immanuel Kant, in 1795, proposed

to base all international right on a Federation of Free States, the

civil constitution of each of which was to be made republican.

Both Bentham and Kant were, indeed, as “voices crying in the
wilderness,” for Europe had no “ears to hear” after the war of

the French Revolution had broken out and had deluged her in

blood. Yet no sooner had that struggle ended than organized

efforts on behalf of arbitration began to manifest themselves in

various ways. The first of such efforts was made in 1816 by the
Society of Friends in Hew York. In 1835 the American Peace

Association presented a petition to the Senate of Massachusetts

for establishing a ‘
* standing Court of Hations. ” Similar petitions

were presented subsequently in Maine and Vermont. The subject

was brought before the United States Senate in December 1837,

and was referred to the Committee of Foreign Affairs, which re-

ported it to be premature. In 1839 the same association presented

a fresh petition for a similar purpose. This met with the same fate.

In 1853 the United States Senate voted in favour of inserting arbi-

tration clauses in treaties, “the arbitrators to be eminent jurists,

having little or no connexion with politics.” In 1849 Mr Richard

Cobden advocated a similar proposition in the British House of

Commons, and moved for an address to the Crown praying that

the Queen would instruct her Foreign Secretary to see that it

was can-ied out. He maintained that a treaty for general arbitia-

tion would be as binding as any other, and that a country which
did not fulfil its obligation to refer would enter on war “ with the

brand of infamy stamped upon its banners.” The motion for an
address was opposed by Lord Palmerston, then first minister,

who carried “the previous question ” by a majority of 176 to 79.

In 1873 Mr Henry Richard re-introduced the subject in a some-

what different form by urging an invitation to foreign powers to

concur in a general and permanent system. In spite of much
cold water thrown by Mr Gladstone, who had now become
premier, Mr Richard obtained a majority of ten in his favour.

The Representative Assembly at Westminster had thus, like the

Senate at Washington, undergone a change of sentiment in the

course of a single generation. Motions substantially similar to

Cobden's were carried in the Italian Chamber in August 1873,

in the Dutch Chamber in Hovember 1874, in the Belgian

Chamber in January 1875.

Almost contemporaneously with Mr Richard’s success in Parlia-

ment, fresh impulse was given to the movement by bodies of

public or learned men associated together, not for humanitarian
purposes, but for the elucidation of international legal principles.

The foremost of these was the Institute ot International Law
{L'lnstitut de droit 'inti rnational), which is composed of men
of dilfeient nationalities, distinguished in that department of

learning. Its first conference was held at Ghent on 18th Sep-
tember 1873, when a committee was appointed with special instruc-

tions to study the question. On this committee the United
States were represented by Mi Dudley Field, Belgium by M. de
Laveleye, Italy by Signor Pierantoni, Germany by Herr Gold-

schmidt, Great Biitain by Sir William Vernon Harcouit (then

Professor of International Law at Canibi idge). In the same year
there was founded in London an “Association for the Reform
and Codification of the Law of Hatious,” wdiich put international

arbitration in the forefiont of its piogramme. Its fiist meeting
was held at Geneva in 1874. The name of this body wms altered

in 1895 to “The International Law Association.’ In 1888 a

tlihd association w^as foimed under the style of “ The Permanent
Parliamentary Committee in fa\our of Arbitration and Peace,”
or, as it is sometimes called for shortness, “The International

Parliamentary Union.” This union has a permanent office at

Berne. Its first meeting was held m Paris in June 1889, under
the presidency of the late M. Jules Simon, and was attended by
129 members from England and the United States. In July
1890 the union met again in London under the presidency of the

late Lord Herschell, and a committee was then formed to organize

similar bodies on the Continent and in America. The meetings
of the union continue to take place yearly.

The disputes which have been determined by inter-

national arbitration may be arranged in two main groups

—A. Those which have arisen between state and state in

their sovereign capacities; B. Those in which one state

has made a demand upon another state, ostensibly in its

sovereign capacity, but really on behalf of some individual

or set of individuals whose interests it was bound to pro-

tect. To the former group belong territorial disputes, e.g^

questions of boundaries on land and of fisheries at sea
;
to

the latter pecuniary claims in respect of acts alleged to

have been wrongfully done to one or more subjects of one

state by, or with the authority of, another state. Suck
acts comprise, amongst other things, (a) breaches of neu-

trality, by aiding and abetting a belligerent power or by
permitting hostile operations to take place on neutral soil

;

(5) unlavfful arrests and seizures. The remaining cases

are of a miscellaneous character, and do not admit of

separate classification.

(A.) “Territorial disputes,” says Alexander Hamilton,

the eminent American statesman, in the Fedey'allst^ “have
at all times been found one of the most fertile

sources of hostility among nations.” “ Perhaps,”

he adds, “the greatest portion of the wars that have

desolated the earth have sprung from this origin.” This

sentiment, true enough at the close of the 18th century, is

fortunately no longer correct. The settlement of territorial

disputes hj arbitration has of late been the rule rather

than the exception. We begin with one which was a serious

disappointment to Great Britain, having been marred by

a mistake in the form of the reference, but in which,

notwithstanding, she loyally acquiesced. The treaty of

Washington of 1846 provided that the north-western

frontier of the United States near the parallel of 49“ N.
should run in a westerly direction along that parallel to

the middle of the channel which separates the continent

from Vancouver Island, and thence in a southerly direc-

tion through the middle of the same channel and of Fuca

Strait to the Pacific Ocean. The dispute was as to the

precise way in which this southern line was to be drawn.

It was referred to the German emperor to decide

whether the line should pass through Rosario Strait

or through the Canal de Haro. The emperor appointed a

geographer, a jurist, and a diplomat to study the subject

I

and to report to him. This they did, and on the 21st

October 1872 he made an award by which the channel of

Haro was divided equally between the contending parties,

the United States being declared entitled to exclusive
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possession of all the other channels to the north of the

Strait of Fuca, together with the island of San Juan and

several small islets.

The facts of the territorial dispute between Great Britain

and the Republic of Venezuela with regard to British Guiana

—dating back to 1841 and not settled until 1899—are

as follows :

—

The British claimed title through the Dutch, the Venezuelans

claimed title through Spain. The Dutch in the course of their

war of independence had established settlements

Venezuela, along the coast of Guiana, of which the most im-
portant was Kijkoveral, situated at the point where

the Cuyuni, the Massaruni, and the Essequibo rivers unite. In

1648, by the treaty of Munster, they were confirmed in the
possession of the territory which they then h61d. Subsequently
they extended their posts along the coast as far as the mouth of

the Amakuru, and inland along the courses of the three rivers

above named. The British claimed that their rights extended to

the whole Cuyuni basin, but the boundary actually insisted upon
was a line, laid out by Sir Robert Schomburgk in 1840, and
known as the Schomburgk line, which included the district of

Barima and so much of the basin of the Cuyuni as lies to the west
of the main stream. This claim was based npon Dntch occupa-

tion, actual or constructive, of territory previously unoccupied.

The Venezuelans claimed the whole country as far as the Esse-
quibo, that is to say, more than half of the colony of British

Guiana, as shown on the latest maps. They alleged that the
bull of Alexander VI. of 1493 had granted to Spain all territory

that she might discover west of a line drawn 100 leagues west of

the Azores, and that at the date of the bull the papacy was
universally recognized as a competent international authority,

particularly in matters affecting territory reclaimed from the
heathen. They further alleged that the Spaniards had discovered
Guiana, and had thus obtained, even without the bull, an
inchoate title, which they had perfected by exploration and acts

of sovereignty.

In 1850 it was arranged between the two Governments that
neither should enter into or encroach upon the territory in dis-

pute ; but subsequently the Venezuelans disregarded this arrange-
ment, and in 1883-84 made grants and concessions in the territory

claimed by the British. In November 1886 the British Govern-
ment issued a notice to the effect that these concessions were
invalid ; and in consequence of this notice, and of other differ-

ences concerning the proposed erection of a lighthouse upon
Barima Point, the Venezuelan Government in 1887 broke off

diplomatic relations. In 1890 they suggested arbitration, which
Great Britain refused on the ground that, as regarded the terri-

tory comprised within the Schomburgk line, the British title was
clear and there was nothing to arbitrate about. In July 1895
Mr Secretary Olney, on behalf of the United States, addressed a
lengthy despatch to the British Government, urging that the
refusal to arbitrate should be reconsidered, and intimating that
any attempt to put hostile pressure upon Venezuela would be
considered by his Government as an infringement of the Monroe
doctrine. To this Lord Salisbury replied that Great Britain could
not consent to go to arbitration in respect of territory actually
settled and occupied by British subjects. On 17th December
President Cleveland, in his message to Congress, announced that
Great Britain having refused arbitration, he intended to 'appoint
a commission which should report upon the respective rights of
the parties, and he added : '‘When such report is made and
accepted, it will, in my opimon, he the duty of the United States
to resist by every means in its power, as a wilful aggression upon
its rights and interests, the appropriation by Great Britain of any
lands, or the exercise of any governmental jurisdiction over any
territory, which, after investigation, we shall have determined of
right to belong to Venezuela.” The effect of this message was to
call forth in the United States a great display of warlike en-
thusiasm, and to occasion a fall in the value of American
securities amounting to $400,000,000. In England it was re-
ceived with considerable astonishment but without active resent-
ment, the public mind being almost immediately diverted to the
troubles arising out of Dr Jameson’s raid into the Transvaal. In
January 1896 ime United States appointed their commission, and
invited the British Government to furnish a statement of their
case. The British Government declined to recognize the juris-
diction of this commission. Eresh negotiations were then entered
into for arbitration, on the understanding that the rights of
Great Britain in the settled territory should be protected. In
February 1897 a treaty was signed at Washington between Great
Britain and Venezuela, in which four arbita'ators were named,
viz., liord ECerschell and Sir Richard Henn Collins on behalf of
Great Britain, and Chief-Justice Fuller and 3dr Justice Brewer,Mh of the Supreme Court of the United States, on behalf of
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Venezuela. A fifth arbitrator was to be appointed by these four,

or, in the event of their failure to agree, by the king of Sweden
and Norway. The four arbitrators agreed to appoint as their

colleague M. de Martens, privy councillor and member of the

Ministry of Foreign Affairs in Russia. Lord Herschell having
died in March 1899, the Lord Chief-Justice of England, Lord
Russell of Killowen, was appointed in his place. The court so

constituted assembled in Pans in June 1899. On 3rd October the
arbitrators published their award. By it Venezuela obtained the
district of Barima as far as Point Playa, and a strip of country
between the Wenamu and Cuyuni rivers ; elsewhere the new
boundary coincided with the Schomburgk line. Barima, which
is a district strategically important to Venezuela, but otherwise
of little value, had been offered to her by the British Government
at least three times in the prolonged course of the negotiation.

The free navigation of the rivers Amakuru and Barima was
secured to Great Britain, which had every reason to be satisfied

with the result.

Of disputes witb regard to fisberies, tbe two most im-

portant in recent times are the Newfoundland and the

Bering Sea cases. The Newfoundland dis-

pute is a very old one, and is not yet closed. Newfound^

By tbe treaty of TJtrecbt of 1713 a right was
reserved to French subjects to catch fish and to

dry them on that part of Newfoundland which stretches

from Cape Bonavista to the northern point of the island,

and from thence coming down by the western side reaches

as far as Cape Riche. By the treaty of Versailles of 1783
France renounced the fishery from Bonavista to Cape
St. John on the east coast, receiving in return extended

rights upon the west coast as far as Cape Ray. Neither

treaty purported to grant exclusive right, but there was
annexed to the treaty of Versailles a declaration to the

effect that “His Britannic Majesty will take the most
positive measures for preventing his subjects from in-

terrupting in any manner by their competition the fishery

of the French during the temporary exercise of it which is

granted to them upon the coasts of the island of New-
foundland, and he will for this purpose cause the fixed

settlements which shall be formed there to be removed.'^

Upon this declaration the French founded a claim to

exclusive fishing rights within the limits named. Various
conventions were entered into with a view to defining

these rights in 1854, 1884, and 1885, but they remained
inoperative, the consent of the Newfoundland Legislature

— which they were made subject—^having been hitherto

refused. Meanwhile the French Government granted a
bounty to the French fishermen which enabled them to

undersell the colonists. In 1887 the Newfoundland Legis-

lature passed an Act forbidding the sale of bait, which
struck a severe blow at the French industry. This was
not, however, the whole cause of difference between Great
Britain and France. At the date of the treaty of Utrecht,

and for more than a century afterwards, the French fished

in this region almost entirely for cod, but subsequently

they also fished there for lobsters, and about the year 1886
they erected factories for “tinning” or “canning” lobsters

at Port au Choix on the north-west coast of the island.

This, it was contended, was not within the treaty, which
only contemplated cod fishing, and gave no landing rights

except in respect of that species of fish. Moreover, the

colonial fishermen had, prior to 1886, erected lobster

factories of their own on that part of the coast which is

known as “the French shore,” so that their trade was
directly interfered with by the factories at Port au Choix.

Mutual protests and remonstrances ensued, each party

appealing to their respective governments to expel the

intruders. At length, in March 1891, a treaty was signed

between Great Britain and France by which the two
nations agreed to refer the lobster dispute to a tribunal

conaposed of three jurists named by the two countries in

common, and four delegates, two from each country, who
were to act as intermediaries between their respective
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governments and the other arbitrators. The arbitration

tribunal had held no sitting down to the time of writing

(1900), but a modus vivendi was arranged in 1890 by
which no lobster fisheries which were not in operation in

July of that year Tvere to be permitted, except with the
joint consent of the commanders of the British and French
naval stations. This arrangement has been renewed from
year to year, and has been the means of keeping the peace.

Another important fishery dispute arose between Great
Britain and the United States with regard to the fur seals

in Bering Strait. The facts are as follows :

—

In the year 1867 the United States Government had pur-
chased from Russia all her territorial rights in Alaska and

the adjacent islands. The boundary between the
Bering two powers as laid down by the treaty for purchase
Sea. was a line drawn from the middle of Bering Strait

south-west to a point midway between the Aleutian
and Komandorski Islands, dividing Bering Sea into two parts,
of which the larger was on the American side of this line. This
portion included the Pribylotf Islands, which are the principal
breeding grounds of the seals frequenting those seas. By
certain Acts of Congress, passed between 1868 and 1873, the
killing of seals was prohibited upon the islands of the Pribyloff
group and in *‘the waters adjacent thereto,” except upon certain
specified conditions. NTo definition of the meaning of the words
‘‘adjacent waters ” was given in the Act. Li 1870 the exclusive
rights of killing seals upon these islands was leased by the United
States to the Alaska Commercial Company, upon conditions limit-
ing the numbers to be taken annually, and otherwise providing
for their protection. As early as 1872 the operations of foreign
sealers attracted the attention of the United States Government,
but any precautions then taken seem to have been directed against
the capture of seals on their way through the passages between the

I

Aleutian Islands, and no claim to jurisdiction beyond the three- !

mile limit appears to have been put forward. On 12th March
1881, however, Mr French, acting secretary of the United States
Treasury, in answer to a letter asking for an interpretation of the
words “waters adjacent thereto” in the Acts of 1868 and 1873,
stated that all the waters east of the boundary line were con-
sidered to be within the waters of Alaska territory. In March
1886 this letter was communicated to the San Francisco Customs
by Mr Manning, secretary of the Treasury, for publication. In
the same summer three British sealers, the QaroUm, Onward,
and Thornton, were captured by an American revenue cutter sixty
miles from land. They were condemned by the district judge on
the express ground that they had been sealing within the maits
of Alaska territory. Diplomatic representations followed and an
order for release was issued, but in 1887 further captures were
made and were judicially supported upon the same grounds. The
respective positions taken up by the two governments in the
controversy which ensued may be thus indicated. The United
States claimed as a matter of right an exclusive jurisdiction over
the sealing industry in Bering Sea

;
they also contended that

the protection of the fur seal was, upon grounds both of morality
and interest, an international duty, and should be secured by
international arrangement. The British Government repudiated
the claim of right, but were willing to negotiate upon the question
of international regulation. Between 1887 and 1890 negotiations

were carried on between Russia, Great Britain, and the United
States with a view to a joint convention. Unfortunately the
parties were unable to agree as to the principles upon which
regulation should be based. The negotiations were wrecked upon
the question of pelagic sealing. The only seal nurseries were
upon the Pribyloff Islands, which belonged to the United States,

and the Komandorski group, which bdonged to Russia. Con-
sequently to prohibit pelagic sealing would have been to exclude
Canada from the industry. The United States, nevertheless, in-

sisted that such prohibition was indispensable on the grounds
—(1) that pelagic sealing involved the destruction of breeding
stock, because it was praetically impossible to distinguish between
the male and female seal when in the water ; (2) that it was un-
necessarily wasteful, inasmuch as a large proportion of the seals

so killed were lost. On the other hand, it was contended by
Great Britain that in all known oases the extermination of seals

had been the result of operations upon land, and had never been
caused by sealing exclusively pelagic. The negotiations came
to nothing, and the United States fell back upon their claim

of right. In June 1890 it was reported that certain American
revenue cutters had been ordered to proceed to Beriiig Sea.

Sir Julian Panncefote, the British ambassador at Washington,
having failed to obtain an assurance that British vessels would
not be interfered with, laid a formal protest before the United
States Government.
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Thereupon followed a diplomatic controversy, in the course of
which the United States developed the contentions which were
afterwards laid before the tribunal of arbitration. The claim
that Bering Sea was mare clausum was abandoned, but it was
asserted that Russia had formerly exercised therein rights of
exclusive jurisdiction which had passed to the United States,

and they relied inter alia upon the ukase of 1821 by which foreign

vessels had been forbidden to approach within 100 Italian miles
of the coasts of Russian America. It v as pointed out by Great
Britain that this ukase had been the subject of protest both by
Great Britain and the United States, and that by treaties similar

in their terms, made between Russia and each of the protesting

powers, Russia had agreed that their subjects should not bo
troubled or molested in navigating or fishing in any part of the
Pacific Ocean. The American answer was that the Pacific Ocean
did not include Bering Sea. They also claimed an interest in
the fur seals, involving the right to protect them outside the
three-mile limit. In August 1890 Lord Salisbury proposed that
the question at issue should be submitted to arbitration. This
was ultimately assented to by Mr Secretary Blaine on the under-
standing that certain specific points, which he indicated, should
be laid before the arbitrators. On 29th February 1892 a definitive

treaty was signed at Washington. Each power was to name two
arbitrators, and the president of the French Republic, the king
of Italy, the king of Norway and Sweden, were each to name
one. The points submitted were as follows:—(1) What exclusive

jurisdiction in the sea now known as Bering Sea, and what
exclusive rights in the seal fisheries therein, did Russia assert

and exercise prior, and up to the time of, the cession of Alaska to
the United States ? (2) How far were her claims of jurisdiction
as to the seal fisheries recognized and conceded by Great
Britain 1 (3) Was the body of w^ater now known as Bering Sea
included in the phrase “Pacific Ocean,” as used in the treaty
of 1825 between Great Britain and Russia, and what rights, if

any, in Bering Sea were held exclusively exercised by Russia
after the said treaty 1 (4) Did not aU the rights of Russia as to

jurisdiction and as to the seal fisheries in Bering Sea east of the
water boundary, in the treaty between the United States and
Russia of the 30th March 1867, pass unimpaired to the United
States under that treaty^ (5) Had the United States any
and what right of protection over, or property in, the fur seals

frequenting^ the islands of Bering Sea when such seals are

found outside the three-mile limit? In the event of a deter-

mination in favour of Great Britain, the arbitrators were to

determine what concurrent regulations were necessary for the
preservation of the seals, and a joint commission was to be
appointed by the two powers to assist them in the investigation

of the facts of seal life. The question of damages was reserved

for further discussion, but either party was to be at liberty to

submit any question of fact to the arbitrators, and to ask for a
finding thereon. The tribunal was to sit at Paris. The treaty

was approved by the Senate on 29th March 1892, and ratified by
the President on 22nd April.

The United States appointed as arbitrator Mr John H. Harlan,

a Justice of the Supreme Court, and Mr John T. Morgan, a
member of the Senate. The British arbitrators were Lord Hannen
and Sir John Thompson. The neutral arbitrators were the Baron
de Courcel, the Marquis Visconti Venosta, and Mr Gregers Gram,
appointed respectively by the president of the French Republic,

the king of Italy, and the king of Norway and Sweden. The
sittings of the tribunal began in February and ended in August
1893. The main interest of the proceedings lies in the second of

the two claims put forward on behalf of the United States. This
claim cannot easily he stated in language of precision; it is

indicated rather than formulated in the last of the five points

specially submitted by the treaiy. But its general character may
be gathered from the arguments addressed to the tribunal. It

was suggested that the seals had some of the characteristics of
the domestic animals, and could therefore be the subject of some-

thing in the nature of a right of property. They were so far

amenable to human control that it was possible to take their

increase without destroying the stock. Sealing upon land was
legitimate sealing ; the United States being the owners of the
land, the industry was a trust vested in them for the benefit of

mankind. On the other hand, pelagic sealing, being a method
of promiscuous slaughter, was illegitimate

;
it was contra Inmos

mores and analogous to piracy. Consequently the United States

claimed a right to restrain such practices, both as proprietors of

the seals and as proprietors and trustees of the leririmate in-

dusfry. It is obvious that such a right was a nov^ty hitherto

unrecognized by any system of law. Mr Garter, therefore, as

counsel for the United States, submitted a theory of intemarional

jurisprudence which was equally novel. He argued that the

determination of the tribunal must be groundSl upon “the
principles of right,*' that “by the rule or principle of right uw
meant a moral rule dictated by the general standard of justice

upon which civilized nations are agreed*” that “ this international
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Standard of justice is but another name for international law,”
that the particular recognized rules were but cases of the applica-

tion of a more general rule, and that where the particular rules

were silent the general rule applied. The practical effect of this

contention appears to be that an international tribunal can make
new law and apply it retrospectively. In spite of this ingenious

argument, which was strenuously opposed by Sir Charles RusseU,

the leading counsel for Great Britain, the judgment of the arbi-

trators was in favour of Great Britain on all points. It only

remained for the arbitrators to consider the question of regulation

which had also been submitted to them. Upon this point the

arguments of the American counsel were allowed their due weight.

A close time was appointed for sealing, the use of firearms was
forbidden in Bering Sea, and pelagic sealing was prohibited

within sixty miles of the Pribyloff Islands. The award was signed

and published on 15th August 1893. The question of damages
which had been reserved was ultimately settled in 1897 by a joint

commission appointed by the two powers in Eebruary 1896, the

total amount awarded to the British sealers being $473,151.26.

(E.) We pass now to State action on behalf of individuals.

The following is an illustration of a dispute of this class,

which was settled by arbitration nearly forty years after

the occasion which gave rise to it. On the night of 26th

The September 1814, during the war between Great

General Britain and the United States, the General Arm-
Arm- strmg, an American privateer, fired upon the
stronsr**^ boats of a British squadron which had just

entered the port of Fayal, an island of the Azores group.

The British squadron retaliated next day by cannonading
the privateer within the limits of the port, and managed
to destroy her. Fayal and its port were then, as now,
Portuguese territory, and the United States claimed to be
indemnified by the Portuguese Government for the loss of

the privateer, on the ground that the local authorities had
committed a breach of neutrality in not interfering on her
behalf when the British squadron opened fire. By treaty

of 26th February 1851, it was agreed to submit this claim
to arbitration, and Louis ITapoleon, then president of the

French Republic, was chosen arbitrator. It was proved
that the governor of Fayal was aware on 27th February of

what was going on, but it was also proved that his protec-

tion had not h^een invoked by the American skipper until

after the firing had commenced, and that he then at once
sent a remonstrance to the British captain requiring him
to cease hostilities. It was further shown that the guns
of the fort were insufficient to allow of an armed interven-

tion by the Portuguese. In these circumstances the arbi-

trator, while recognizing the principle that a neutral power
is bound to make compensation to a belligerent whose
property has been lost or destroyed within the neutral
jurisdiction by the hostile action of the opposite belligerent,

by his award of 30th iMovemher 1852 absolved the Portu-
guese Government from blame (partlyonthe ground that the
appeal to the local authorities was too late, and partly
on the ground that the governor had no force sufficient to

enable him to interfere with effect).

This arbitration had an interesting sequel. When the United
States Government failed to obtain redress from the Portuguese,
the owners of the privateer demanded it at the hands of their
own Government, alleging that by espousing their cause in the
arbitration proceedings the United States had admitted the claim
against themselves. They succeeded in procuring both the House
of Representetives and the Senate of the United States to pass a
vote in their favour, but the claim was rejected by the Supreme
Court on the grounds that it was bad, both in law and in morals.
It is obvious that to have allowed it would have been to make a
very awkward precedent. Governments would have to be very
shy in future of arbitrating in such cases in the interests of
private persons, if whenever the award proved adverse they were
bound to compensate their clients out of the national exchequer.

A far more famous arbitration on breaches of neutrality
took place twenty years afterwards between the United
States and Great Britain. It is instructive both from the
historical and the legal point of view, and is, therefore,

worth stating at some lengtL

In 1861, as is well known, the southern states of North America
seceded from the rest on the slavery question and set up a separate
governmentunder PresidentJefferson Davis. Hostilities ~
began with the capture of Fort Sumter by the Confeder-

*

ates on 13th April 1861. On 19th April President
Abraham Lincoln declared a blockade of the southern ports. On
14th May the British Government issued a proclamation of
neutrality, by which the Confederates were recognized as belli-

gerents. This example was followed shortly afterwards by France
and other nations. The blockade of the southern ports was not
at first effective, and blockade -running soon became an active
industry. The Confederates established agencies in England for
the purchase of arms, which they despatched in ordinary merchant
vessels to the Bahamas, whence they were transhipped into fast
steamers specially constructed for the purpose. But this was not all.

In February 1862 they contracted for a gunboat, which they called
the Oreto, to be built for them at Liverpool. Mr C. F. Adams,
the United States Minister, having brought this circumstance to

the notice of the British Government, an inquiry was ordered
and the report was that the Oreto was a fast steamer, pierced for

four guns and generally suitable for warlike purposes, but that
she was destined for a firm in Palermo. This was enough to rouse
suspicion, but no positive evidence was obtainable. On 22nd
March the Oreto left Liverpool and was next heard of, not at

Palermo, but at Nassau in the Bahamas, There she was seized by
the Colonial Government, acting upon representations made by the
British naval authorities. She was, however, released by the
local courts on the ground that there was no conclusive evidence
against her. She left Nassau in the company of a British-built

snip, from which she received her armament at Green Zay, and
entered the port ofMobile, whence she afterwards emerged under the
name of the Morida as a fully equipped man-of-war commissioned
by the Confederate Government. In October 1865 she was captured
in Brazilian waters by a vessel of the United States.

The case of the Alabama was still more remarkable. In June
1862 this ship, originally known as “No. 290,” was being built

by Messrs Laird at Birkenhead, She was then nearly completed
and was obviously intended for a man-of-war. On 23rd June Mr
Adams forwarded to Earl Bussell a letter from the United States

Consul at Liverpool, giving certain particulars as to her character.

This letter was laid before the law officers, who advised that, ifthese

particulars were correct, the vessel ought to be detained. On
21st July sworn evidence, which was supplemented on 23rd July,

was obtained and laid before the Commissioners of Customs (who
were the proper authorities to enforce the provisions of the Foreign
Enlistment Act of 1819), but they declined to move. On 23rd July
the same evidence was laid before the law officers, who advised
that there was sufficient ground for detention. By some accident,

which has never been satisfactorily explained, but was probably
connected with the severe illness of Sir John Harding, the Queen’s
Advocate, the papers were not returned tOl 29th July. Instructions

were then issued to seize the vessel, but she had already sailed on
the evening of the 28th. Although she remained for two days off

the coast of Anglesey, there was no serious attempt at pursuit.

She afterwards made her way to the Azores, where she received

her armament, which was brought from Liverpool in two British

ships. Captain Semmes there took command of her under a
commission from the Confederate Government. After a most
destructive career she was sunk off Cherbourg by the Kearsarge on
19th June 1864.

Another vessel, the Sea King^ which had been employed as a
merchant ship, left London in October 1864 and was met at

Madeira by the Lawrel from Liverpool with men, arms, and
officers. Her name was then changed to Shenandoah and the
Confederate flag was hoisted on board her. After a cruise of ninety
days, during which she destroyed certain North American vessels,

she put into Melbourne on 25th January 1866. In spite of the

protest of the United States Consul she was allowed to remain till

18th February to effect repairs and to take on board considerable

supplies of coal and provisions. She also contrived to enlist

forty-five men. Some investigation was made by the colonial

authorities, but they were satisfied with her captain’s assurance

that he had enlisted no one since her arrival. After a cruise in

the Arctic Seas she returned to Liverpool in November 1865 and
was afterwards handed over to the United States,

On these facts the United States Government alleged against

Great Britain two grievances, or sets of grievances. The first

was the recognition of the southern states as belligerents and a

general manifestation of unfriendliness in other ways. The
second was in respect of breaches of neutrality in allowing Con-
federate vessels to he built and equipped on British territory.

Correspondence ensued extending over several years. At length
in February 1871 a commission was appointed to sit at Washington
in order, if possible, to arrive at some common understanding as

to the mode in which the questions at issue might be settled.

With respect to the Alabama claims the British commissioners
suggested that they should be submitted to arbitration. The
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American commissioners refused “unless the principles which
should govern the arbitrators in the consideration of the facts
could be first agreed upon.” After some discussion the British
commissioners consented that the three following rules should
apply. A neutral government is bound—(1) to use due diligence
to prevent the fitting out, arming, or eq^uipping within its juris-
diction of any vessel, which it has reasonable ground to believe is

intended to cruise or to carry on war against a power with which
it is at peace, and also to use like diligence to prevent the departure
from its jurisdiction of any vessel intended to cruise or carry on
war as above, such vessel having been specially adapted, in whole
or in part, within such jurisdiction, to warlike use ; (2) not to
permit or suffer either belligerent to make use of its ports or
waters as the base of naval operations against the other, or for the
purpose of the renewal or augmentation of military supplies or
arms or the recruitment of men

; (3) to exercise due diligence in
its own ports and waters, and as to all persons within its jurisdic-
tion to prevent any violation of the foregoing obligation and
duties. The arrangements made by the commission were em-
bodied in the treaty of Washington, which was signed on 8th May
1871, and approved by the Senate on 24th May. Article 1, after
expressing the regret felt by Her Majesty’s Government for the
escape, in whatever circumstances, of the Alabama, and other
vessels from British ports, and for the depredations committed
by these vessels, provided that “the claims growing out of the
acts of the said vessels, and generically known as the Alabama
claims ” should be referred to a tribunal composed of five arbi-
trators, one to be named by each of the contracting parties and
the remaining three by the king of Italy, the president of the
Swiss Confederation, and the emperor of Brazil respectively. By
Article 2 all questions submitted were to be decided by a majority
of the arbitrators, and each of the contracting parties was to name
one person to attend as agent. Article 6 provided that the arbi-

trators should be governed by the three rules quoted above, and
by such principles of international law not inconsistent there-
with as the arbitrators should determine to be applicable to the
case. By the same article the parties agreed to observe these
rules as between themselves in future, and to bring them to the
knowledge of other maritime ]powers. Article 7 provided that the
decision should be made -within three months from the close of
the argument, and gave power to the arbitrators to award a sum
in gross in the event of Great Britain being adjudged to be in the
wrong.
The treaty was, on the whole, welcomed in England. The

United States appointed Mr C. E. Adams as arbitrator, and Mr
J. 0. Bancroft Davis as agent. The British Government ap-
ointed Sir Alexander Cookburn as arbitrator, and Lord Tenter-
en as agent. The arbitrators appointed by the three neutral

powers w’ere Count Sclopis (Italy), M. Staempfli (Switzerland),

Baron dTtajuba (Brazil). The first meeting of the tribunal took
place on 15th December 1871 in the Hdtel de Ville, Geneva. As
soon as the cases had been formally presented, the tribunal

adjourned till the folio-wing June. There followed immediately
a controversy which threatened the collapse of the arbitration.

It was found that in the American case damages were claimed
not only for the propert;j[ destroyed by the Confederate cruisers,

but in respect of certain other matters known as “indirect

losses,” viz., the transference of the American marine to the
British flag, the enhanced payments of insurance, the expenses

of pursuit, and the prolongation of the war. But this was not

all. The American case revived the charges of “insincere

neutrality” and “veiled hostility” which had figured in the

diplomatic correspondence, and had been repudiated by Great

Britain, It dwelt at length upon such topics as the premature

recognition of belligerency, the unfriendly utterances of British

politicians, and the material assistance afforded to the Con-
federates by British traders. The inclusion of the indirect

losses, and the other matters just referred to, caused great

excitement in England. That they were within the treaty was
disputed, and it was urged that, if they were, the treaty should

be amended or denoimced. In October 1872 Lord Granville

notifi.ed to General Schenck, the United States Minister, that the

British Government did not consider that the indirect losses

were within the submission, and in April the British counter-

case was filed without prejudice to this contention. On the 15th

of June the tribunal reassembled and the American argument was
filed. The British agent then applied for an adjournment of

eight months, ostensibly in order that the two governments

might conclude a supplemental convention, it having been
meanwhile privately arranged between the arbitrators that an
extra-judicial declaration should be obtained from the arbitrators

on the subject of the direct claims. On 19th June Count Sclopis

intimated on behalf of all his colleagues that, without intending

to express any opinion upon the interpretation of the treaty,

they had arrived at the conclusion that “the indirect clainas did

not constitute upon the principles of international law applicable

to such cases a good foundation for an award or computation of

damages between nations.” In consequence of this intimation
kir Bancroft Davis informed the tribunal on 25th June that he
-was instructed not to press those claims; and accoidingly on
27th June Lord Tenteiden -vrithdrew his application for an
adjouriment, and the arbitration was allowed to proceed. The
discussion turned mainly on the question of the measure of
“due diligence.” Tlie United States contended that it must
be a diligence commensurate with the emergency or with the
magnitude of the results of negligence. The British Govern-
ment maintained that w bile the measure of care which a govern-
ment is bound to use in such cases must be dependent more or
less upon circumstances, it would be unreasonable to require that
it should exceed that which the governments of civilized states
were accustomed to employ in matters concerning their own
security or that of their citizens. The tribunal adopted the
view suggested by the United States. The vessels complained
of were the Florida and her tenders the Glarencc, Tacony, and
Archer; the Alabama and her tender the Tuscaloosa; the
ShcTia^idoah

;

the Georgia^ the SumUr, the JS^ashvillc, the Talla-
hassee, the ChteJeamauga, the Sallie, the Jcjrcrson Daxis, the
Music, the Boston, and the V. H. Joy, The tribunal found that
Great Britain was responsible for all the depredations of the
Florida and Alabama, and for those committed by the Shenan-
doah after she left Melbourne. In the case of the Alabama the
court was unanimous

;
in the case of the Florida Sir A. Cockburn

alone, and in the case of the Shenandoah both he and Baron
dltajuha dissented from the majority. The tenders were held
to follow in each case the fate of their principals. In the cases
of the other vessels the judgment was in favour of Great Britain.
The tribunal decided to award a sum in gross, and (Sir A.
Cockburn again dissenting) fixed the damages at $15,500,000.
On 14th September the award was formally published and signed
by all the arbitiators except Sir A. Cockburn, who filed a lengthy
statement of his reasons. This document contained an elaborate
reply to certain attacks which had been made upon the good
faith of the British Government—attacks which had better have
been left unnoticed. They formed no part of the issue ; and if
they were to be refuted that task was for the British counsel,
not for the British arbitrator.

The stipulation that the three rules should be jointly sub-
mitted by tbe twro powders to foreign nations has never been
carried out. Eor this the British Government has been blamed
by some. But there appears to have been a general impression
upon both sides, as -well as among Continental publicists, that
the language of the rules was not sufficiently precise to admit of
their being generally accepted as a canon of neutral obligations.

Of instances of arbitration onnnlawful arrests andseizures
we may specially note the following. On Tth June 1863
three officers of a British ship, the Forte, stationed

on the coast of Bio Janeiro had a fracas with ,,

a Brazilian sentinel, and were in consequence

arrested by the police and lodged in prison. This being
notified to the British Consul, he explained to the

authorities who the prisoners were, whereupon they were
at once liberated. The British Government took up the
matter and demanded redress from the Brazilian Govern-
ment. The dispute threatened to be serious. It was
referred, by consent, to the arbitration of the king of

Belgium, who pronounced against the ofi&cers, on the

ground that as they were not in uniform when arrested,

no insult to the British Navy could possibly have been
intended.

In September 1854 the steamer BeTijamm Franklin
and the barque Catherine Augusta, both the property of

Carlos Butterfield and Co., cleared at New
York for the port of St. Thomas in the Danish
West Indies, The Catherine Augusta was
laden with cannon and other war material At that time

revolution was supposed to be imminent in Venezuela,

and there were grounds for suspecting that these two
vessels were destined to aid the insurgents. On the

voyage the Caikefrine Augusta was much damaged by a
storm, so that it became necessary for her to land her

cargo for repairs. The Danish governor, who had re-

ceived a communication from Venezuela, insisted on her

giving, as a condition of her landing, security to the

extent of $20,000 that no breach of the neutrality of the

port was intended. To this the owners were compelled to

S. L— 71
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agree. The original expedition, whatever its design,

appears to have been abandoned, since the two vessels

remained in the port awaiting the event of some negotia-

tions for their sale to Mexico. In the meanwhile the

Benjamin FranhUn had been chartered by the Eoyal
British Mail Steamship Company for a voyage to Bar-

badoes and back. She neglected to provide herself before

starting with the permit required by the local regulations,

and was accordingly fired at from one of the Danish
forts. One shot struck her, but did little injury, and her

voyage was only delayed a day. In 1860 Mr Secretary

Cass brought to the notice of the Danish Government a
claim by Carlos Butterfield and Company in respect of

the detention of the two ships and of the firing into the

Benjamin FranMin, After protracted negotiations, the

matter was ultimately referred to Sir Edmund Monson,
then British Minister at Athens. He made his award on
22nd January 1890, and decided that both claims were
unfounded.

In 1888 a Dutch craft, the property of an Amboynese
firm, drifted from her moorings in the Malay archipelago

and was carried to the island of Burn, no one
being on board at the time. Shortly after-

Packet,** wards the owners were informed that she had
been taken possession of by a whaling -vessel

called the Costa Rica Racket (John Carpenter, a British

subject, being master), then on its way from New South
Wales, and that Carpenter had transferred the cargo to
his own ship and had sold it at Batchian. A complaint
was at once lodged against the master before the officials

at Macassar, and they, considering that a prima facie case

against the master had been made out, issued a warrant
for his arrest. Accordingly, on the arrival of the Packet
at Ternate, Carpenter was seized and brought to Macassar
to be tried—his ship proceeding to Batavia without him.

When the facts came to be further inquired into at
Macassar, it became evident that the wrongful appropria-

tion, if any such there had been, had taken place on the
high seas, more than three miles from land. The court
therefore held, in conformity with the weU-known rule,

that it had no jurisdiction to interfere. Carpenter being
answerable for Ms acts to the British Government alone.

It therefore ordered his discharge. It was now Car-
penter’s turn to complain. When he was set free the
Batavian mail had just left Macassar

;
he was consequently

forced to remain there over three weeks, and when at last

he reached Batavia, it was too late to take advantage of
the whaling season in the southern seas. The Packet
being useless except as a whaling-vessel had to be sold at
Singapore at a loss. Heavy damages were claimed against
the Netherlands Government by aU the parties interested,
and a correspondence ensued between that Government
and the British which extended over four years. At
length, in May 1895, both Governments signed an arbi-
tration treaty by wMch they agreed to invite a third
power to nominate a jurist of undoubted reputation who
should settle the points in difference. The power chosen
was Biussia, and the Emperor Nicholas IL nominated, as
arbitrator, Professor E. de Martens. He, by his award in
1897, declared the Netherlands Government liable to pay
£8550, distributed as follows :—^£3800 to the owners of
the Packet £3150 to Carpenter; £1600 to the remain-
ing officers and the crew

;
each of these amounts to carry

interest at 5 per cent, as from the date of Carpenter’s
arrest.

The latest arbitration on illegal seizure is that known
as the Delagoa Bay Railway cas^ of wMch the facts are
as follows :

—

In December 1883 the Portagueae Government granted to
Colonel M^Murdo, an American citizen, a concession for the

INTERNATIONAL
construction and working during ninety-nine years of a railway
from Lorenzo Marques, the port of Delagoa Bay, to the frontier
of the Transvaal. It was a teim of the concession
that the Portuguese Government should not construct
or allow within the district of Lorenzo Marques any
other railway from the coast to the Transvaal parallel to the
M‘Murdo line within a distance of sixty miles. It was further
provided that the concessionaire should have the absolute right
of fixing the charges both for passengers and goods. In further-
ance of his scheme Colonel M'Murdo formed a Portuguese
company, but this company being unable to raise sufficient
capital delegated its powers and transferred the bulk of its
property to an English company, formed in March 1887 and
called “The Delagoa Bay and East African Railway (Limited).’*
The last-named company issued shares and bonds which were
largely taken up by Colonel M‘Murdo and by English investors.
Before the grant of the concession of 1883 an agreement had been
made between the South African Republic and Poitugal whereby
the former bound itself, whenever the Delagoa Bay Railway
should reach the Transvaal frontier, to continue the line as far
as Pretoria. At this period the frontier of the Transvaal had
not been finally delimited, but the Portuguese officials placed it

in their maps at about 80 kilometres from the coast. The
Portuguese Government agreed that, if this distance was in-
creased, the company which had undertaken to make the railway
to the frontier should be allowed a reasonable extension of time.
On l7th May 1884 the Portuguese Government promised to the
Transvaal Government a concession for a steam tramway parallel
to the projected railway in case the English company failed to
complete the railway by the prescribed date, and also promised
that the steam tramway should be used both for passengers and

f
oods if the Portuguese Government failed to agree with the
IngHsh comijany as to the through rates to be charged on the

railway. This promise was embodied in a commercial treaty
negotiated by President Kruger (who made a special visit to
Lisbon for the purpose), and was kept secret from Colonel
MMurdo and the shareholders and creditors of the English
company. The frontier line of the Transvaal was ultimately
drawn through Komati Poort, a point about five miles farther
from the coast than that shown on the Portuguese maps. The
Portuguese Government thereupon required that the railway
from Lorenzo Marques should be continued up to the new
frontier, eight extra months (of which five were in the rainy
season) being allowed for the extension. This was an unreason-
able term, and was not, and could not be, complied with. At
the end of the eight months the Portuguese Government de-
clared Colonel M'Murdo’s concession forfeited, and seized the
nearly completed railway.
The Governments of Great Britain and the United States re-

monstrated in the interest of the widow of Colonel M'Murdo and
the other creditors of the English company, the British Govern-
ment going so far as to despatch a gunboat to Delagoa Bay and
threaten to hack its remonstrance by force. Here in truth was
a earns telli with Portugal, for that country appeared to have
broken its pledges under pressure from, and in deference to the
political aims of, the South African Republic. Happily pacific
counsels prevailed. An agreement was come to between Great
Britain, the United States, and Portugal, whereby it was referred
to arbitrators to be named by the Federal Council of Switzerland
to determine the compensation to be paid by Portugal to the
parties interested in the forfeited undertaking, the illegality of
the proceedings of the Portuguese Government being admitted
by the form of the reference. The subsequent dates are remark-
able. The arbitrators were named in 1890, and in that year
Portugal paid £28,000 on account. The court began to sit at
Berne in 1892 ;

the pleadings closed in 1896. It was then de-
cided to appoint a commission of experts to make local inquiries
and to report. When the report came in, the sittings were re-
sumed, and were not concluded until the summer of 1898. The
award (which was unanimous) was published on 29th March 1900.
It directed Portugal to pay to the Governments of Great Britain
and the United States within six months from the publication of
the award the sum of £612,500 (in addition to the £28,000 paid
in 1890), together with interest at 5 per cent, per a-rnmni from
25th June 1889 down to the time of payment, making a total of
nearly £1,000,000 sterling. This sum was to be employed in
compensating the bond-holders and other creditors of the Delagoa
BayRailway Company according to their several priorities, such
priorities to be settled by arrangement between the claimants
themselves. The costs of the arbitration were to be borne equally
by the three governments, that is to say, one-third by each.

Closely akin to international arbitration is the proceed-
ing by Mixed Commission, on which all the parties in
difference are represented. Such commissions have been
most frequently resorted to for settling the indemnities to
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be paid to non-combatants in respect of losses occasioned
by war. Amongst the earliest of these commissions was that

Mixed appointed under the treaty of 19th November
commis- 1794, negotiated with Lord Grenville by Mr John
sions. the distinguishedAmerican la'W}^er and states-

man, and known as “ The Jay Treaty,” the object of which

was to settle the indemnities to be paid by Great Britain and
the United States respectively to owners of merchant ships

captured during the x^merican revolutionary war. Similar

commissions were appointed in pursuance of the treaty

of Vienna of 20th November 1815. In 1843, w’holesale

claims for indemnity were settled by a mixed commission

Table I.

Territorial Disputes.

Date of Agreement
to refer.

Parties Arbitrating Authority.

24th Dec. 1814 Great Britain and Mixed commission
(Treaty of Ghent) United States

Do. Do. Do.

29th Sept 1827 Do. King of the Netherlands

13tb Jan. 1868 Great Britain and General Ulysses S. Grant,
Portugal President of U.S.

1871 Great Britain and Mixed commission
United States

Sept. 1872 Great Britain and President of French Re-
Portugal public

31st Dec. 1873 Italy and Switzer-

land
Persia and Afghan-

Mixed commission

1874 Generals Goldsmid and R.
istan Pollock (British officers)

Srd Feb. 1876 Argentine Republic
and Paraguay

Argentine Republic

President of United States

1878 Ministers of U.S. in the

and Chile two countries

13th July 1878 Turkey and Greece Representatives of Great

(Treaty of Berlin) Britain, France, Ger-
many, Austria, Russia

14th Sept. 1881 Colombia andVene- KingAlfonso XII.ofSpain,
znela and on his death the

Queen Regent Christina

10th Sept. 1885 Great Britain and Mixed Commission
Russia

24th Dec. 1886 Nicaragua and President Cleveland

1st Aug. 1887
Costa Rica

Peru and Ecuador King of Spain, and on his

death the Queen Regent
29th Nov. 1888 France and Hol- Emperor of Russia

land

Jan, 1891 Persia and Afghan- Yiceroy of India

istan

1893 Great Britain, Anglo-Russian com-
Russia, and Af-

ghanistan

mission

Mixed commission1897 France and Ger-

April 1897
many

France and Brazil Federal Council ofSwitzer-
land

12th Nov. 1898 ArgentineRepuhlic,

Chile, and Bolivia

Mixed commission

Subject ]!^Iatter. Result.

A-
Islands in Passaraaquoddy Bay
near the mouth of the St
Croix river

Northern boundary of U.S.

North-east boundary of U.S,

Sovereignty over island of

Bulama, off west coast of

Afiica

Nova Scotia fisheries

Territories and islands in Dela-
goa Bay

Boundary between Italy and
Canton of Ticino

Boundaries on north - west
frontier of India

Frontier dispute

Strait of Magellan and land
boundaries

Territorial sovereignty

Boundary dispute

Afghan boundary

Right of navigation in San
Juan river, &c.

Territory east of Rio Bamha

Boundaries of French and
Dutch Guiana

Frontier of the Hashtadan
district

Use of waters of river Nushk

2‘lthNov. 1817.—Dispute settled

ISth June 1822.—Delimitation
effected

9 th Aug. 1S42.—Award not
accepted by U.S., but dispute

settled by AVebster-Ashburton
Treaty

21st April 1870.—In favour of

Portugal

23rd Nov. 1871.-85,500,000
awarded to Great Britain, the

American commissioners dis-

senting Congress, however,
voted the full amount

24th July 1875.—In favour of

Portugal

23id Sept. 1874.—In favour of

Italy

Delimitation effected

12th Nov. 1S7S.—In favour of

Paraguay
Sept. 1881. — Delimitation

effected

1st July 1880.—^Thessaly and
part of Epirus to be ceded to ,

Greece. Decision embodied in
;

treaty qf 14th June 1881 t

May 1891.—In favour of Col-
j

ombia

21st May 18S6.—Delimitation I

effected

21st March 1888.—Mainly in

favour of Costa Rica
Delimitation ettected

25th May 1891.—In favour of

Holland
Delimitation effected

Dispute settled

Hinterland ofTogo, Gold Coast
of Africa

Boundary between Brazil and
French Guiana

Boundary of the province of

Atacama

11th July 1897, — Dispute
settled

1st Dec. 1900.— Awarded to

Brazil 147,000 square miles of

the disputed territory to the]

Araguay river on the S. and
France about 3000 square miles

to the N. of the TumucHumac
mountains. Practically in

favour of Brazil

25th March 1899.— Delimit-

ation effected

after certain preliminary points bad been decided by

arbitration in tbe following circumstances. Fiance bad

found it necessary to take punitive measures against

certain Moorish tribes on tbe West Coast of Africa in

order to protect ber colonies at Senegal from tbe arbitrary

exactions by wMcb they were oppressed. With this view

sbe blockaded tbe coast of Portendic, but failed to notify

tbe fact to tbe owners of tbe British vessels who traded

with tbe nations in gum and other exports. Tbe result

was that the commercial arrangements of tbe British

owners were upset and they claimed compensation at the

bands of their Government, Correspondence on tbe sub-

ject with tbe French Government went on for four years.

It was finally agreed to refer to tbe king of Prussia tbe

determination of two questions, one of fact, tbe other of

law. (1) Did the blockade occasion losses to the British

traders in tibie exercise of their lawful calling i (2) If yea,

was France bound to make these losses good? The king
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of Prussia decided botli questions in the affirmative. A 1 damages to be paid to the traders. They were fixed at

mixed commission was then appointed to assess the
1 41,770 francs 89 centimes. The precision of these figures

Table IL

Claims i% resfpect of Seizures and Arrests.

Date of Agreement
to reter.

Parties. Arbitrating Autbority. Subject Matter. Result.

14th Feb. 1851 France and Spain King of the Netherlands Claims and cross-claims in re- Claims adjusted
spect of seizures of vessels in

1823-24

1864 Great Britain and
Peru

Senate of Hamburg Imprisonment by Peru of Capt.

T. Melville White, a British

Claim disallowed

subject

16th June 1870 United States and Mixed commission Seizure ofAmerican s. s. Colonel 15th Nov. 1870 119,170,250
Spain Lloyd Aspinwall awarded to U.S.

1872 Japan and Peru Emperor of Russia Seizure of Peruvian barque l7th May 1875.—lu favour of
Maria Luz Japan

17th Aug. 1874 United States and Mixed commission Seizure of American s.s. Mon- 27th June 1885. — $33,401
Colombia tijo by insurgents of Panama

;

awarded to U.S.

15th Oct. 1879 France and Nicar- French court of cassation Seizure ofFrench ship Le Phare 29th July 1880.-40,320 francs
awarded to Franceagua

26th March 1S81 The Netherlands President of French Re- Seizure of Dutch ship The 16th March 1883. — 140,000
and Hayti public Eamna Packet francs awarded to the Nether-

lands

28th Feb. 1885 United States and Italian minister at Madrid Seizure of American s.s. The 27th June 1885.—$5,167,407
Spain

United States and
1 Masonic at Manila awarded to U.S,

28th Feb. 1893 British minister at Qnito Arrest of an American citizen In favour of U.S.
Ecuador at Quito

1896 Great Britain and President of French court Arrest of Mr Ben. Tillett, a Jan. 1899. — In favour of
Belgium of cassation British subject Belgium

Table HI.

MisccUanecytis Claims for Damages.

Date of Agreement
to refer.

Parties. Arbitrating Authority. Subject Matter. Result.

20th Oct. 1818

11th April 1839

18th July 1850

10th Nov. 1858

15th July 1864

14th March 1870

1873

23rd July 1873

Great Britain and Emperor of Russia

United States

United States and King of Prussia

Mexico

Great Britain and Mixed commission
Greece

United States and
Chile

King of the Belgians

Great Bidtain and
Argentine Repub-
lic

President of Chile

United States and
Brazil

Great Britain and
Brazil

British Minister at Wash-
ington

Envoys of U.S. and Brazil
at Rio de Janeiro

Great Britain and
France

Mixed commission

Obligation to restore slaves in

possession of the British

Losses of U. S. citizens during
war between France and
Mexico

Losses of British subjects dur-
ing riots in Athens

Seizure of specie on board the
U.S. brig Macedonian by
Lord Cochrane, then admiral
of Chilian fleet

Losses arising out of decree of

Argentine Government pro-

hibiting vessels from Monte
Yideo to enter Argentine
ports

Loss of whale-ship Canada

Claims by earl of Dundonald
in respect of services rendered
by his father, Admiral Coch-
rane, to Brazil during her
war of independence

Duties levied in France on
mineral oils

21st April 1822,—In favour of
U. S.

Claims only partially settled,

and war between U.S. and
Mexico in 1846

Claims settled, the most re-

markable being that of Don
Pacifico, a native of Gibraltar,

and therefore a British subject,

who demanded £21,295 and
was awarded £150 only

16th May 1863.—Chile to re-

fund three-fifths of the value
of the specie with interest

1st Aug. 1870.—In favour of
Argentine Republic

11th July 1870.—$10,070,494
awarded to U. S.

6th Oct. 1873.—£38,175 awarded
to Earl Dundonald

5th Jan. 1874.—314,393 francs
awarded to British claimants

1874

24th May 1884

24th Feb. 1891

China and Japan

United States and
Brazil

France and Yene-
zuela

British minister at Peking

Hon. Wm, Strong, ex-
judge of the supreme
court of U.S.

President of Swiss Con-
federatioi^

Murder of Japanese citizens by
Chinese in islands of For-
mosa

Claims in respect of law pro-
ceedings in Hayti against two
American citizens

Claim by French contractor
in respect of a judgment ob-
tained by him in Yenezuelan
courts, of which execution
was refused by the execu-

tive

500,000 taels awarded to Japan

14th June 1885.—In favour of
U.S., but award not enforced

30th Dec. 1896.-4,346,656
francs awarded to French
plaintiff

shows that the indemnity was for actual losses sustained

and proved, and not, as in the Alabama case, a round snm
awarded, as between state and state, to satisfy claims to

be ascertained thereafter. Another mixed commission
with very extensive powers was appointed under the

treaty of Washington of 15th January 1880 between the
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United States and France. This treaty dealt both with
claims and counterclaims, namely—(1) claims by American
citizens against the French Government for damages sus-
tained by them during the last war between France and
Mexico, or during that of 1870-71 between France and
Germany, or during the insurrection of the Commune

;

(2) counterclaims by French citizens against the United
States Government for damages sustained at the hands of
American citizens during the War of Secession of 1861-65.
The commission was composed of three persons, one
named by the French Government, one by the president
of the United States, and the third by the emperor of
Brazil. The losses sustained by French subjects during
the war between Chile and Peru were ascertained in the
same manner in pursuance of a treaty of 2nd November
1862. Examples of similar commissions might be easily

multiplied, but the practice is too well established to make
it worth while to particularize them here.

A large number of international differences, without
reckoning those already specially noted or the war-in-

demnity claims just referred to, have been adjusted, or

put in trim for adjustment, either by arbitration or by
mixed commissions, since the pacification of 1815. The
majority of these cases are summarized in the preceding

tables, which have been compiled in part from the volumes
of Professor Moore and in part from Dr Evans Darby’s
revised list, respectively mentioned at the end of this

article.

Up to this point we have only dealt with arbitrations on
what may be termed specific differences. There are, how-

Generai ©ver, in existence several conventions which pro-

coavea- vide for the settlement by international arbitra-
tioas. merely of specific differences, but of

all differences, present and future, which may arise

between the contracting parties as regards certain subjects,

e.^., commerce or navigation. Clauses to this effect (clauses

compromissoires) have been agreed to since 1862 between

Great Britain on the one hand, and Italy, Greece, Portugal,

Mexico, Uruguay respectively on the other hand
;
between

Belgium on the one hand, and Italy, Greece, Sweden,

Norway, and Denmark respectively on the other hand;
between France and Korea; between Italy and Mon-
tenegro; between Austria-Hungary and Siam; between

Spain and Sweden and Norway
;
between Denmark and

Venezuela
;

between the Netherlands and Rumania

;

between Japan and Siam. The conventions of the Postal

Union of 1874 and 1891, and of 1890 for the inter-

national transport of goods by rail, are instances of the

same class. There are also in existence conventions for

settlement by international arbitration of all differences

without exception. Such are the treaties of Guadelupe-

Hidalgo of 1848 between the United States and Mexico;

of Belgium with Hawaii and Siam in 1862 and 1868 re-

spectively
;
with Venezuela in 1884, and Ecuador in 1887

;

of 1888 between Switzerland and San Salvador and
Ecuador; and of 1894 between Spain on the one hand,

and Honduras and Colombia on the other.

So much has been actually accomplished- Other schemes for

general arbitration have been mooted and carried to a certain

point, although they have not yet been realized. When, in

December 1882, President Garfield announced in his annual
message his willingness to assist any measure which mi^ht tend

to secure peace, the Swiss Government responded by ofiering to

agree to a general arbitration treaty with the United States. A
draft treaiy was accordingly prepared, and submitted to the

Swiss Federal Council, which adopted it on 24:th July 1883 ; but
owing to the death of Mr Secretary Frelinghuysen, who had been
the principal American negotiator, the project fell through. A
similar proposal was brought forward at the Inter-American Con-
gress held at Washington 1889-90, which was attended by
delegates from the United States and seventeen Republics of

Central and South America. It took the form of a solemn recom-
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mendation by the delegates to their respective governments ‘‘to
adopt arbitration as a principle of American international law
for the settlement of the differences, disputes, or controversies
that might arise betw^een two or more of them.” A treaty
to this effect was signed by delegates from the United States
and also from Guatemala, Honduras, Nicaragua, San Salvador,
Venezuela, Ecuador, Brazil, and Bolivia, but was not ratitied by
the governments named in it within the prescribed time. An
attempt to revive it W'as made by the smaller states in 1S91 but
without success.

In 1896 an effort was made by the representatives of Great
Britain and the United States to provide for the submission to

arbitration of “ all questions in difference between those countries

w'hich might fail to adjust themselves by diplomatic negotiations.’*

A treaty to this effect was prepared and signed on 11th January
1897 by the British ambassador (Sir Julian Pauncefote) and Mr
Secretary Olney. It presented three forms of procedure, one for

pecuniary claims or groups of pecuniary claims 'which did not in
the aggregate exceed £100,000 ;

a second for pecuniary claims
beyond that amount, and a third for territorial claims, includ-
ing rights of navigation and of access to fisheries. For the
settlement of the first set of claims, each of the contracting
parties was to nominate one arbitrator -who was to be a jurist of
repute, and the two arbitrators so nominated were to select a thud,
who was to be the president of the tribunal. The award of the
majority -was to be final- The second set of claims was to be
referred to a tribunal similarly constituted, but in this case the
award was only to be final if the -tribunal was unanimous. If not
unanimous, either of the contracting parties might demand a
review of the award within six months from its date. In such
case, the matter in controversy was to be submitted to a tribunal

consisting of five jurists, no one of whom was to be a member of

the original tribunal whose award -w^as to be reviewed. The five

jurists were to be nominated as follows :—tvro by each of the

contracting parties, and one to act as umpire by the four thus
nominated. The award of the majority of the members was to

be final. The third set of claims (territorial) was to be submitted
to a tribunal composed of six members, three of whom, subject

to a particular exception, were to be judges of the Supreme Court
of the United States or justices of Circuit Courts to be nominated
by the ]president of the United States, the other three being
judges of the British Supreme Court of Judicature or members
of the Judicial Committee of the Privy Council nominated by
the British Crown. The award in this case -was to be final if

made by a majority of five to one. In the event of its being less

than five to one, it was not to be binding if protested against by
either party within three months of pubHcation. If so protested

against, or if there was no award by reason of the numbers being

equally balanced, there was to be no recourse to hostile measures

of any description until the mediation of one or more friendly

powers had been invited by one of the contracting x>3-^ties. In

spite of the elaborate care and caution with which this treaty

was drawn, it remains a dead letter for -want of ratification by
the respective governments on whose behalf it was signed. It

may be that its very elaborateness has proved a bar to its success,

just as a parade of too many safety appliances on the eve of a

mountaineering expedition is apt to unbrace onr nerves and
enhance our sense of danger.

The plan of establishing a standing arbitration tribunal

advocated by Jeremy Bentham bas been already referred

: to. In 1838 the New York Peace Society proposed to

establish a Board of International Arbitration, and the

idea was further worked out in 1842 by James Mill.

Subsequently Mr Dudley Field in America, Dr Gold-

schmidt in Germany, Sir Edmund Hornby and Mr Leone

Levi in England, successively produced draft rules of pro-

cedure by which, unless otherwise agreed, the permanent

court was to be bound. Dr Goldschmidt’s rules were

revised and adopted by tbe Institute of International Law
in 1875, and again considered by the Inter-Parliamentary

Conference held at Brussels in 1895. AU these efforts,

however, excellent as they were in their generation, have

been thrown into the shade by the work of the Peace Con-

ference initiated in 1898 by the emperor of Hastut

Russia, and held at the Hague in the following Confer^

year. On 24th August 1898 Count Muravieff

handed to all the foreign representatives accredited to

the court of St. Petersburg a circular informing them

that the Tsar proposed to their respective governments the

holding of a Conference “which should occupy itself with

the grave question of the excessive armaments which
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weighed upon all nations with a view of putting an end

to their progressive development” This circular was

shortly followed by another setting forth a preliminary

draft programme for the Conference, which embraced not

only the reduction of armaments and the more humane
conduct of warfare, but also <Hhe employment of good

offices of mediation and arbitration in cases lending them-

selves thereto.” The Conference met on 18th May 1899 at

the Hague, and was attended by delegates from nineteen

states under the presidency of Baron de Staal, the Bussian

ambassador at London. Other well-known delegates were

Sir Julian Pauncefote (afterwards Lord Pauncefote), British

ambassador at Washington; Mr Seth Low, president of

Columbia University, Hew York; M. Leon Bourgeois,

ex-premier of Prance, Count Munster, German ambassador

at Paris. The Conference was divided into two sections,

the province of the first being to deal with the limitation

of armaments
;
of the second, with the laws of warfare

;
of

the third, with mediation and arbitration. At one of the

early sittings of the third section (over which M. Bour-

geois presided), Baron de Staal produced a draft con-

vention for rendering arbitration compulsory in certain

cases and optional in others. Under the compulsory class

were ranged disputes relating to pecuniary damages sus-

tained by a state owing to the illegal or negligent action

of another state—disputes relating to the interpretation

of postal, telegraph, and railway conventions, of con-

ventions relating to the navigation of international rivers,

and divers other matters. To this convention (officially

described as the Eussian project ”) was appended a draft

code of procedure closely resembling that under which
the Venezuelan arbitration was at that moment being

conducted in Paris. Sir Julian Pauncefote took a bolder

line. He urged, in a few pithy sentences, the importance

of organizing a permanent international tribunal, the

ser-7ices of which might be called into requisition at -will,

and produced to the committee a short sketch of the

mode in which such a tribunal might be set up. His pro-

position met with general acceptance, and the committee
then proceeded to settle the necessary details for carrying

it out, adopting in the main the code of procedure which
had been suggested by Eussia.

The result was embodied in twenty-seven articles, of which only
the most important can he noted here. (Art. 23) Each of the
signatory powers is to designate within three months from the
ratification of -fche Convention four persons at the most, of recog-
nized competence in international law, enjoying the highest
moral consideration, and willing to accept the duties of arbi-

trators, Two or more powers may agree to nominate one or more
members in common, or the same person may be nominated by
different powers. Members of the court are to be appointed for

six years, and may be re-nominated. (Art. 26) The signatory
powers desiring to apply to the tribunal for the settlement of a
ffifference between them are to notify the same to the arbitrators.

The arbitrators who are to determine this difference are, unless
otherwise specially agreed, to be chosen from the general list of
members in the following manner :—each party is to name two
arbitrators, and these are to choose a chief arbitrator or umpire
(sur-arhitre). If the votes are equally divided the selection of the
chief arbitrator is to be entrusted to a third power to be named by
the parties. (Art 26) The tribunal is to sit at the Hague when
practicable, unless the parties otherwise agree, (Art. 27) ‘‘The
signatory powers consider it a duty in the event of an acute
conflict threatening to break out between two or more of them to
remind these latter that the permanent court is open to them.
This action is only to be considered as an exercise of good offices.’^

The procedure ofthe court is proposed to be regulated by tweniy-
seven articles, in which the following points are the most im-
portant. The agent of each party is first to communicate to the
court and to the opposite party all deeds and documents on which
it proposes to rely, one copy at least being in the language which
the court authorizes to be used before it. After the documentary
evidence has been lodged, the oral argument is to begin. This is

to be taken down in writing, but it is only to be made public -with

the consent of the parties. The members of the tribunal may
question the agents and counsel on any point which they desire
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to have cleared up. The tribunal is to be the sole judge of the
extent of its own jurisdiction and of the rules of international law,
if any, which are applicable to the case. The deliberations of the
court are to take place with closed doors. The decision is to be
that of the majority, and is to set forth the reasons on which it

is based. It is to be in writing and signed by all the members,
the minority members when appending their signature being at
liberty to signify their dissent. There is to be no appeal

; but if

a new fact is discovered, which was unknown at the time both
to the tribunal and to the party alleging it, and the fact be such
that had it been then known it might have exercised a decided
influence on the decision, that decision may be revised. Before,

however, revision can be had, the tribunal must recognize the
existence of the new fact or facts and admit them to have the
characteristics just mentioned.

The Hague arbitration Convention was signed on 29th
July 1899, on behalf of France, Eussia, the United States,

and thirteen other powers. It was also signed a few days
later on behalf of Great Britain. On 4th September 1900,

aU the powers represented, with the exception of China, duly

deposited formal ratifications of the Convention at the

foreign office of the Dutch Government. Several of the

powers nominated members of the Permanent Arbitration

Court, pursuant to Art. 23 mentioned above, those

nominated on behalf of Great Britain being Lord Paunce-

fote, Sir Edward Malet, Sir Edward Fry, and Professor

Westlake.

Although, in some of the treaties and most of the

projects enumerated above, the range of matters proper to

be dealt with by international arbitration is

assumed to be unlimited, there is a general

consensus of opinion amongst specialists that

some limitation there must be. Bluntschli, Eouard de

Card, Goldschmidt, Eamarowski, Ferdinand Dreyfus,

Michel Eevon, all exclude questions of national inde-

pendence, and some of them also exclude questions of

“national honour” and of “territorial integrity.” The
language in which these reservations are couched is not,

however, particularly happy, since it is open to more in-

terpretations than one. What, for instance, is meant by
the phrase “national independence” in this connexion?

If it be taken in its strict acceptation of autonomous state

sovereignty, the exception is somewhat of a truism. Ho
self-respecting power would, of course, consent to submit
to arbitration a question of life or death. This would be

as if a man were to commit suicide in order to avoid fight-

ing a duel. On the other hand, if the exception be taken

to exclude all questions which, when decided adversely to

a state, impose a restraint on its freedom of action, then

the exception is too wide, since it would exclude such a

question as the true interpretation of an ambiguous treaty,

a subject with which experience shows international arbi-

tration is well fitted to deal. Again, we may ask, what
is meant by the phrase “national honour”? It was
thought at one time that the honour of a nation could

only be vindicated by war, though all that had happened
was the slighting of its flag or its accredited representative

during some sudden ebullition of local feeling. France
once nearly broke off peaceful relations with Spain because

her ambassador at London was assigned a place below
the Spanish ambassador, and on another occasion she de-

spatched troops into Italy because her ambassador at Eome
had been insidted by the friends and partisans of the Pope.

The truth is that the extent to which national honour is

involved depends on factors which have nothing to do with
the immediate subject of complaint. So long as general

good feeling subsists between two nations, neither will

easily take offence at any discourteous act of the other.

But when a deep-seated antagonism is concealed beneath
an unruffled surface, the most trivial incident will bring it

to the light of day. “ Outraged national honour ” is a

highly elastic phrase. It may serve as a pretext for a
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serious quarrel whether the alleged “ outrage ” be great or
small. A similar criticism may be passed on the phrase
“ territorial integrity.” Every boundary dispute is a dis-
pute about territory, and nothing is easier than for a
state to declare that the tract of land it covets forms,
or—^like the angulus ille of Horace—ought to form, an
integral part of its dominions. Yet, as ve have seen, this
class of dispute is just that which has been most frequently
arbitrated on, and in nearly every case successfully.

Weighing, then, each of these exceptions in the balance,
and

^

finding them all wanting in precision, we prefer
to discard them altogether and to cast about for a fresh
classification. M. Despagnet has suggested one in his work
on Public Interncbtional Law (Paris, 1894) which is both
convenient and complete. All state differences, this -VTiter

points out, may be classed, as regards their subject matter,

under one of two heads—(1) those which have a legal

character, (2) those which have a political character.

Under “legal differences” may be ranged as many as are

capable of being decided, when once the facts are ascertained,

by settled, recognized rules, or by rules not settled nor
recognized but (as in the Alabama case) taken to be such
for the purpose in hand. Boundary cases and cases of

indemnity for losses sustained by non-combatants in time
of war, of which we have already mentioned several

instances, belong to this class. To it also belong those

cases in which arbitrators have to adapt the provisions of

an old treaty to new and altered circumstances, somewhat
in the way in which English courts of justice apply the

doctrine of cy-pres. Of these last the Newfoundland
fishery case is an illustration. “Political differences,” on
the other hand, are such as affect states in their

external relations or in relation to their subjects or

dependants who may be in revolt against them. Some
of these differences may be slight, whilst others may be

vital, or (which amounts to the same thing) may seem
to the parties to be so. All differences falling under the

first of these two general heads appear to be suitable for

international arbitration. Differences falling under the

second general head are for the most part unsuitable, and
may only be adjusted (if at all) through the mediation of

a friendly power.

The interesting problem of the future is, Are we to

regard this condition of things as permanent or as transi-

tory? The answer depends on several considerations

which can only be glanced at here. It may be that,

just as the usages of civilized nations have slowly crystal-

lized into international law, so there may come a time

when the political principles that govern states in relation

to each other will be so clearly defined and so generally

accepted as to acquire something of a legal or quasi-legal

character. If they do, they will pass the line which at

present separates arbitrable from non-arbitrable matter.

This is the juridical aspect of the problem. But there is

also an economic side to it by reason of the conditions of

modern warfare. As M. de Bloch has explained at some

length in his monumental treatise on the subject, war has

become much more terrible now than formerly, in con-

sequence of the increase of armaments and the greater
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perfection of weapons of destruction. Already the nations

are groaning under the burdens of militarism, and are

for ever diverting energies that might be employed in

the furtherance of useful productive 'work to purposes of

an opposite character. The interruption of maritime

intercourse, the stagnation of industry and trade, the

rise in the price of the necessaries of life, the im])0bsibility

of adequately providing for the families of those—call

them reservists, landwehr^ or what you will—who are

torn away from their daily toil to serve in the tented field,

—these are considerations that may well make us pause

before we abandon a peaceful solution and appeal to brute

force. Lastly, there is the moral aspect of the problem.

In order that international arbitration may do its perfect

work, it is not enough to set up a standing tribunal,

whether at the Hague or elsewhere, and to ei^uip it with

elaborate rules ^of procedure. Tribunals and rules are,

after all, only machinery. If this machinery is to act

smoothly we must improve our motive power, the source

of which is human passion and sentiment. Although
religious animosities between Christian nations have died

out, although dynasties may now rise and fall without

rousing half Europe to arms, the springs of warlike enter-

prise are still to be found in commercial jealousies, in

imperialistic ambitions, and in the doctrine of the survival

of the fittest which lends scientific support to both. These

must one and all be cleared off the world's stage before we
can enter on that era of universal peace towards the attain-

ment of which the Tsar declared, in his famous circular of

1898, the efforts of all governments should be directed.

AuTHOiiirins.—Amongst special treatises are

—

Kxmaiiowsky,
Le tribunal inUrnaiional (traduit par Serge de Westman), Paris,

1887 ;
RoTTAiiB be Oarb, Les destinies deVarbitragemtcmational^

depuis la seiitencc rendue par le tribunal de Geneve, Paris, 1892 ;

Michel Revok, Z'arbitragc international, Paris, 1892 ;
Ales-

SA.NBRO Coiisi (Maxebese), Arhtrati Iniemaztonali, Pisa, 1S94

;

Perdinanb Dreyfus, ^arbitrage international, Paris, 1894
(where the earlier authorities are collected) ; A. Meiiignhag,
Traiti de Varhiitrage international, Palis, 1895 ;

Le Chevalier
Descamps, Lssai sur Vorganisation de Varlntrage international,

Bruxelles,*1896 ;
Feraud-Giraud, “Des traites d'arbitrage inter-

national general et permanent,” Hume de droit intcrnutional,

Bruxelles, 1897. Of faiinilar works in English there is a singular

dearth. The most important is by an American, J. B. ^Moore,

History of the International Arbitrations to ichich the United States

has been a Party, "Washington, 1898. The Appendices to this

work (which is in six volumes) contain, with much other matter
of great value, full historical notes of arbitiations between other

powers. Arbitration and Mediation will he found briefly noticed

in Phillimore’s International Law; in Sir Henry Maine’s
Lectures delivered in Cambiidge m 1887 ; in W. E. Hall’s
Intemaiional Lem (Clarendon Press, Oxford) ; and more at length

in an interesting paper contributed by Mr John Westlake to

the International Journal of Mthics, Oct, 1896, which its author

has reprinted privately. A London journal, The Herald of Pcojce

and International Arbitration, issued some years ago a list of

instances in which arbitration or mediation had been successfully

resorted to during the 19th century. The late Mr Dudley Field,

of New York, subsequently enlarged this list wliich has been

revised down to 1899 by Dr W, Evans Darby, and is published,

along with the texts of several projects for unlimited arbitration,

at the offices of the Peace Society, 47 New Broad Street, London.

A History of the Hague Conference, 1899, has been published by
the International Arbitration Association, 40 Outer Temple,

London. (m, h. c.)

Arboretum.—^That part of a botanical garden

which is reserved for the growth and display of trees m
technically called an Arboretum. The term, in this

restricted sense, was seemingly first so employed in 1838

by J. C. Loudon, in his book upon arboreta and frmt

trees. Professor Bayley Balfour, F.E.S., the Regius

Keeper of the Royal Botanje Garden in Edinburgh, has

described an arboretum as a living collection of species

and varieties of trees and shrubs arranged after some

definite method—^it may be properties, or uses, or some

other principle,—^but usually after that of natural ffieness.

The plants are intended to be specimens showing the

habit of the tree or shrub, and the collection is essentially

an educational one. According to another point of view,
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which is favoured by Mr. Charles Jordan, the Super-

intendent of Regent’s Park, London, an arboretum should

be constructed with regard to picturesque beauty rather

than systematically, although it is admitted that for scien-

tific purposes a systematic arrangement is a sme qud non.

In this more general respect, an arboretum affords shelter,

improves local climate, renovates bad soils, conceals objects

unpleasing to the eye, heightens the effect of what is

agreeable and graceful, and adds value, artistic and other,

to the landscape. What Loudon called the gardenesque
”

school of landscape naturally makes particular use of trees.

By common consent the arboretum in the Royal Botanical

Gardens at Kew is the finest in the world. Its begin-

nings maybe traced back to 1762, when, at the suggestion

of Lord Bute, the Duke of Argyll’s trees and shrubs were

removed from Whitton Place, near Hounslow, to adorn

the Princess of Wales’s garden at Kew. The duke’s

collection was famous for its cedars, pines, and firs. Most

of the trees of that date have perished, but the survivors

embrace some of the finest of their kind in the gardens.

The botanical gardens at Kew were thrown open to the

public in 1841 under the directorate of Sir William

Hooker. Including the arboretum, their total area did

not then exceed 11 acres. Four years later the pleasure

grounds and gardens at Kew occupied by the king of

Hanover were given to the nation and placed under the

care of Sir William for the express purpose of being

converted into an arboretum. Hooker rose to the

occasion, and, zealously reinforced by his son and successor.

Sir Joseph—^atre claro filius clarior^—established a

collection which is alike the envy and admiration of the

botanists of every country. The Kew nursery dates from

1850 and the new pinetum from 1870. Of the total

acreage (250) of the Gardens, no fewer than 180 acres are

monopolized by the arboretum. Of the more specialized

arboreta in the United Kingdom the next to Kew are

those in the Royal Botanic Garden in Edinburgh and the

Giasnevin Garden in Dublin. The gardens of the Royal
Botanical Society in London are beautifully wooded, but

owing to the limited space at its disposal (18 acres), the

Society has not been able to make a speciality of trees.

This is also true of the oldest botanical garden in Great

Britain, at Oxford, which was founded in 1632. The quaint
“ Physic ” garden at Chelsea, which Sir Hans Sloane gave
to the Apothecaries’ Society, is devoted to medicinal plants

and herbs. In the Botanical Gardens at Glasgow, where
Sir W. J. Hooker laboured before his transference to Kew,
there are many choice trees, and in Bournemouth the

gardens of the Evergreen Valley constitute to all intents

and purposes an arboretum, even to the labelling of the

specimens. In the United States the Arnold Arboretum
at Boston ranks next to Kew for size and completeness.

It takes it^ name from its donor, the friend of Emerson.
It was originally a well-timbered park, which, by later

additions, now covers 222 acres. Practically, it forms
part of the park system so characteristic of the city, being
situated only four miles from the centre of population.

There is a fine arboretum in the botanical gardens at

Ottawa, in Canada (65 acres). On the continent of

Europe the classic example is stiU the Jardin des Plantes

in Paris, where, however, system lends more of formality

than of beauty to the general effect. Of course superb
collections of trees were made before arboreta, as such, were
devised. Hoblemen and oth^ wealthy amateurs collected

trees, as other rich men collected paintings or books.
They spared neither pains nor money in acquiring speci-

mens, even from distant lands, to which tiiey sent out
expert collectors at their own charges. This, too, the
Royal Horticultural Society (founded, 1804 ; charter, 1809)
was once wont to do, with fruitful results, as in the case

of Mr David Douglas’s remarkable expedition to North
America in 1823-24. It will be remembered that when
the Laird of Dumbiedikes lay dying {The Heart of
Midlothian^ chap, viii.) he gave his son one bit of advice

which Bacon himself could not have bettered. “Jock,”

said the old reprobate, “when ye hae naething else to

do, ye may be aye sticking in a tree ,* it will be growing,

Jock, when ye’re sleeping.” Sir Walter assures us that

a Scots earl took this maxim so seriously to heart that he
planted a large tract of country with trees, a practice

which in these days is promoted by the English and Royal
Scottish Arboricultural Societies.

For the cultivation of trees, both in its technical and economic
sense, the reader is referred to the exhaustive article on AkboPwI-

OULTURE in the ninth edition of this work and the article on
Forests in this Supplement. (j. a. m.)

ArbrOcith, a royal and parliamentary burgh (Mon-
trose group), seaport and manufacturing town of Forfar-

shire, Scotland, 77 miles N.N.E. of Edinburgh by rail.

Spinning and weaving factories number over 30, and there

are engineering works, boot factories, and chemical works.

In 1877 the old harbour was converted into a wet dock,

and the new harbour and entrance deepened. There is a

shipbuilding yard, and at the end of 1898, 11 vessels of

1959 tons were registered as belonging to the port.

Entrances and clearances were :—1898, entered 243 vessels

of 30,588 tons, cleared 246 vessels of 29,435 tons. Recent
erections include two churches, parish church (rebuilt), free

library, guild hall (rebuilt), and academy. Population

(1881), 21,995; (1901), 22,372.

Arcstchoili a modern sea-side town of France,

department of Gironde, arrondissement of Bordeaux, 37
miles W.S.W, of that city. It comprises two distinct

parts, the summer town, extending for three miles along

the shore on a firm sandy beach, and the winter town,

more inland, with numerous villas scattered amongst pine

woods, resorted to by consumptive patients. The neigh-

bouring forest has an area of about 1300 square miles.

The principal industries are oyster- culture and fishing.

The former is conducted on a very large scale
;
there are

5900 oyster parks, covering an area of over 8000 acres,

yielding, in 1898, 319,772,100 oysters, of the total value

of £112,000. The port has trade with Spain and England.
Population, 8000.

Arch, Joseph (1826 \ founder of the

National Agricultural Labourers’ Union, was born at Bar-

ford, a village in Warwickshire, 10th November 1826. His
parents belonged to the labouring class. He inherited a
strong sentiment of independence from his mother; and
his objections to the social homage expected by those

whom the catechism boldly styled his “betters” made
him an “ agitator.” Having educated himself by unremit-

ting exertions, and acquired fluency of speech as a

Methodist^ocal preacher, he founded in 1872 the National

Agricultural Labourers’ Union, of which he was president.

A rise then came in the wages of agricultural labourers,

but this had the unforeseen effect of destroying the union

;

for the labourers, deeming their object gained, ceased to
“ agitate.” Mr j^ch nevertheless retained suflicient popu-

larity to be returned to Parliament for North-west Norfolk

in 1885; and although defeated next year owing to his

advocacy of Irish Home Rule, he regained his seat in

1892, and held it in 1895, retiring in 1900. He was
deservedly respected in the House of Commons ;

seldom

has an agitator been so little of a demagogue. A
biography written by HmseK or under his direction, and
edited by Lady Warwick (1898), tells the story of his

career.
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I
T is proposed in the present article to give some account

of the progress and the results of archieological inves-

tigation in regard to the monuments of ancient Greece
and Rome in the years since the publication of the ninth
edition of this work. The articles on classical archaeo-

logy and architecture were published in 1S75, that on
gems in 1879, that on pottery in 1885, that on terra-

cottas in 1888. Generally spealdng, therefore, we have
to report the progress of twenty -live years. It is not
intended here to re-discuss questions considered in the
articles above mentioned, except so far as this may be
made necessary by the discovery of new materials. For
an account of the excavations carried on at various
classical sites in recent years, the reader is referred to

special articles in the present publication. Especially we
must mention the articles on Athens, Eleusis, Mycenoe,
Cyprus, Epidaurus, ]\Iegalopolis, Dodona, Rome, Delphi.

In the present article the results of these excavations will

be considered, not on the topographic or architectural side

(see Abchitectuee, II.), but only in so far as they have
extended our knowledge of ancient art, especially of sculp-

ture. We begin with a general account of the progress

made in institutions, in publications, and in excavations

connected with classical archasology
;

afterwards we- shall

give, under periods, a more detailed account of recently

discovered monuments and works of art, with the informa-

tion to be derived from them.

Archcjeological Institutes,—Perhaps in no respect has

the activity of the last quarter of the 19th century been
more marked than in the founding and organization of

institutions for the forwarding of archieological research.

The old international ‘‘Instituto di Corrispondenza

Archeologica has been transmuted into the Roman
branch of the German Archaeological Institute. That
great institution, which is the main centre of archoeo-

logical activity, has its headquarters at Berlin, with

branches at Rome and Athens. The French have also

schools at Rome and Athens, as have now the English

and Americans. Austria has recently established a
powerful institute, with various branches. The Society

for the Promotion of Hellenic Studies in England, the

Archaeological Institute in America, the Accademia dei

Lincei in Italy, and the Greek Archieological Society, are

all active in publishing journals, in finding the funds for

excavations, and the scholars to take charge of them,

and in extending archaeological knowledge. France,

Germany, and Austria provide from the public purse

bursaries to trained archoeological students, enabling them
to stay for a term of years at the schools of Athens and

Rome for purposes of study and research. In Germany
also a certain number of teachers in the schools are every

year provided with the means of making archisological

tours in Greece and Italy, under the guidance of the

best specialists ;
while in the great museums of Germany

holiday courses are annually arranged for the benefit of

students who wish to keep abreast of the progress of

archaeological discovery. In England and America efforts

are made to work by private subscription in the same direc-

tion in which so much is done by the governments of the

Continent with public funds. Travelling studentships at

the universities, and bursaries awarded by the Committee
of the British School at Athens, avail to prevent England
from being entirely left behind in the movement ;

and the

funds of the American Institute have in recent years enabled

American students to do much excellentwork in exploration.

Naturally also the great museums of Europe are not only

centres of research, and keenly alive to the necessity of pro-

curing fresh objects, but also are awake to the duty of imb-
lishing in a systematic way the Avorks of ancient art which
they contain. Besides the public museums, w^^ may mention,

in this connexion, the Ny-Carlsberg collection at Copen-
hagen, the Tyszkiewficz collection, and the Barracco collec-

tion, the contents of w’hich are published in excellent form.

Journals,—The most important periodicals in con-

nexion with classical archaeology are now’ the following :

—

Published in English : the Journal of Hellenic j^rcbseo-
Studies, the Annual of the British School at logics!

Athens, Archoeolo<){a, the American Journal of pabUca-

ArchcBology. Published in French: Bulhtinde
Correspondance HelUnviue, Revue Archtoloiihiue, hfonur^

nvents et 2Ieimires, Fiot, Rihlished in German : Jahvbuck

des Arch, Instituts, Hittheilumjen des Arch, Insfituts,

RtJmische Ahfheilung and Athenische Ahthtilung, Jthreshefte

des oesterreich, Ai'ch, Institufs, Published in Italian

:

Monuimnti Antichi and Atti delV xiccad, dei Lined,

Bulletino della Coimniss, Archeol, Comiinale di Roma,
Published in Greek ; Ejdiemeyds ArchaiologiM, Deltion

Areliaiologikon. To the subject of coins in particular,

numismatic journals are dedicated in almost all countries

of Europe; among them the English Chronicle

occupies a satisfactory position.

Books,—^To give any complete account, or even a bare

list, of important works on classical arckeology published

during the last twenty-five years w^ould exceed the space

at our disposal. We can select only a few w'orks of

special value, mentioning more particularly those wrhich

are published in English.

(1) Greneral Handbooks.— Manuals of Classical Arclioeology

have been published by Mr. A, S. Murray and Mr. Talfouru

Ely. There is also a new brief History of Gnek Art by Prof. F.

B. TarbelL Miss J. E. Harrison bas published some Introdudory
Studies in Greek Art, A more complete Gricch ischc Kiuisfijischichtc

by Prof. Brunu, begun in 1893, does not come down below the

archaic period. SittTs Klassische KunsUArcliaoloyie is useful as

a compendium. A new edition by Wernicke (recently deceased) of

C. 0. Muller s Dcnkmiilcr dcr alien Kunst is in progress. Of the

greatest value to the ordinary scholar is Baumeistei’s Bcnkmaltr,

a dictionary of archieological evidence suited tor easy reference.

To those who wish to procure a mass of archaeological material

at moderate cost, it is safe to commend M. S. Eeinach’s JlCpertoire

de la statuaire fjrccque et romaine and Repertoire des vtaes pcints

grccs et dtnesques, published at five fiancs a volume, with his other

cheap reprints of expensive works.

(2) AxcMtectuxe.—^There is no recent systematic work in

English on classical architecture,^ but^ Mr Penrose’s Rrinciphs

ofAthmian Architecture (new edition) is a work of importance.

Besides the handbooks already mentioned, which give chapters to

architecture, we may reter to the seventh volume of Perrot and
Chipiez’s Histoire de Vart dans Vantiquiti {La Greee archaique),

Botticher’s Tektonik der Hellcneu, and Uhde’s Architekturfonnen

des class, Altcrthums, as well-illustrated and standard works,

(3) Sculpture.—^A. S. Murray’s History of Greek Sculpture and

E. A. Gardner’s Handbook of Greek Sculpture are important

works; as is also H. Stuart Jones’s Aticieyvt Writers on Greek

Sculpture. There are also valuable histories of Greek sculpture

in French by Collignon, and in German by Overbeck (4th edit.

1893). Among recent books on sculpture in English may be

mentioned Waldstein’s Essays on the Art of Fheidias, Fmt-
wangler’s Masterpieces of Greek Setdpturc^ Michaelis’s Andent
Mai^les in Great Britain, and P. Gardner’s Sculptured Tombs of

Hellas. The (^rman literature of the subject is very extensive.^

(4) Vases,—A good book on Greek vases is at present a crying

need. The most useful general book on the subject is Eayet and
Coliignon’s Histoire de la ciramique grecqtce. For archaic rases,

Dunaont and Chaplain’s 04ramiques de la Grice propre is valuable,

though somewhat out of date (1888). Prof. Furtwtogler has

just issued the first part of a great work on Greek vases, the

plates of which are executed with great care, so as faithfully to

represent the style of the vases. We have in English, Harrison and

MaocolPs Greek Vcm Famtings, and A. S. Murray’s Bedgns from
S.L—72
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Greek Vases in the British Museum, and TVTiite Athenian Vases;

also the illustrated catalogues of vases in the British Museum, the

Ashmolean and Fitzwilliam Museums, and the Louvre. Three

small 'works in German hy W. Klein, JSuphronios, Vasen mit

Meistersignaturen, and Vasen mit L'lehlingsiTisGhTiften, are indis-

pensable to the student. The best general collection of vase-

paintings is still Gerhaid*s Auserlesene Vasenhilder, 1840.

(5) Terra -Cottas.—Two small 'works can be recommended:

B. Pottier’s Statuettes de terre cuite, and Miss C. A. Hutton^s

Greek Terra-Cotta Statuettes, which is published with A. S. Murray’s

Greek Bronzes.

(6) Gems,—

X

recent work is J. H. Middleton*s Engraved Gems

of Classical Times. But quite recently A. Purtwangler has

published a large work on Gieek gems, Antike Gemmen, which is

the product of vast learning, and must needs form the basis of

future study.

(7) Corns.—Ko branch of archaeology has been more completely

transformed in the last quarter of a century than numismatics.

Previously, coins had been treated, much as gems are, as

individual works of art, beautiful in themselves, and giving

valuable information as to ancient mythology and geography.

But in recent years the close and intimate relations which prevail

between the coins of ancient cities and the history of those cities

have been more closely regarded, from which point of view the

exact dates and weights of the coins become most important.

The strictly historic treatment of Roman coins was begun by
Mommsen in his Gesehichte des romischen Munzwesens. A similar

treatment of Greek coins is attempted by Mr B. Y. Head in his

Ristoria Numorum, a work in which an endeavour is made to

arrange the coins of all Greek cities^ under periods, in close

connexion with the history of those cities. The British Museum
Catalogue of Greek Coins, which is dominated by the same

nose, is now approaching completion. The Ristoria Numorum
le most useful work to a collector of Greek coins. To a

collector of Roman coins M. Babelon’s editions of Cohen’s
MonTiaies de la r^puhlique romaine, and Monnaies de Vempire
remain are necessary, Mr G. F. Hill’s JSandhook of Greek and
Boman Coins is an excellent summary. Prof. Ridgeway has
published a work on the Origin of Currency and Weight-
Standards. P. Gardner’s Types of Greek Coins deals mainly
mth the art of coins.

(8)

Corpuses.—The Academies of Berlin and Yienna have done
much in recent years in the way of publishing vast collections

and compendia of ancient monuments, each of which is a Corpus,
that is, contains all known monuments of the class dealt with.
It is impossible to overrate the value of these monumental
publications, each of which, being complete up to the date of
publication, relieves the student from the necessity of hunting
tlirough books of an earlier date. The Corpus of Greek Inscriptions

by Boeckhj and the moie recent Corpus of Roman Inscriptims and
Corpus of Attic Inscriptions are well known. To these are now
added, a Corpus of Attic Sepulchral Monuments (nearly complete),
a Corpus of Sarcophagi, a Corpus of Terra-Cottas, a Corpus of
Greek Corns, all in course of gradual publication. Other works
of the same class are in preparation. The labour of producing
these works is enormous, and for the most part it is unpaid,
German archseolo^ts freely spending their lives in the effort to
advance scientific knowledge.

(9)

Other Works.

—

^Besides the works mentioned, we may set
down a few books of a more general character: C. Diehl’s
Exmrsions in Greece, P, Gardner’s New Chapters in Greek
History, D. G. Hogarth’s Authcrity and Archaeology, Sacred and
Profane, Lady Evans’s Greek Dress, and the dictionaries of classical
antiquities.

The valuable translation of and commentary on Pausanias’
Description of Greece, by J. G. Frazer, has enabled the English
reader for the^ &st time to gi*asp the results of the great
intellectual acti'vity of the archseologista at Athens. The edition
of Pliny’s GJuipters the History of Art, by Misses Jex- Blake
and Sellers, is also important. In the matter of bringing ancient
monuments into relation with Greek mythology, the books of
C. 0. Miiller have been succeeded by far more elaborate an^
completer works. Most comprehensive of all these is Overbeck’s
Kuristmythologie. The collection here made of monuments bearing
on the cults of Zeus, Hera, Demeter, Poseidon, and Apollo is
enormous; unfortunately, the completion of the work has been
prevented by Prof. Overbeck’s death. For monuments relating
to other deities, we have to go to the Lexicons of Baumeister and
Roscher. Mr L. R. Famell has published in English a work
called Cults of the Greek States, wMch deals in detail with the
art representations of some of the Greek deities.

Research and Excavation.—^Tkree sites of tlie first

mportance in Greece proper have been carefully excavated
in the last quarter of a century, besides those Troy,
Tiryns, and Mycenae, which have yielded mainly pre-
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historic monuments. These are Olympia, the Athenian

Acropolis, and Delphi. The excavation at Olympia was
carried out at great cost by the German Government;
and the results are published in a series of vast and costly

volumes, which are epoch-making in the development of

archaeology. It must not be forgotten that in the

thorough investigation of a great site like Olympia, which
was for ages one of the chief centres of Greek life and
art, the whole result is far greater than the sum of the

separate discoveries. It is not merely that we have gained

a knowledge of the plans of buildings and of their archi-

tectural details, a series of valuable works of sculpture

and bronzes, and the text of a number of important

documents recording treaties and decrees and public

honours. We further discover the relations of these monu-
ments among themselves. Their very situations and the

level of their bases show us their respective dates and their

comparative importance. We find ourselves in a museum,
but in a museum not arranged on any arbitrary principle,

but, so to speak, by the hands of history herself, aifording

us almost infinite opportunities for comparing, inferring,

and connecting the remains which have come down to us
with ancient belief and custom.

Of Delphi it is too early to speak, as the excavators to

whom the task of its exploration has been confided by the

Drench Government have as yet published but few of their

results. But enough is known to assure us that the

harvest on this site also is very rich. The topography of

the site and the position of the main buildings and the

principal dedications can be determined with accuracy.

In sculpture of the end of the 6th and the early part of

the 5th century, the site is certainly very rich, and the

inscriptions are already known to be very numerous and
of great historic value. (See Delphi.)

The acropolis of Athens {q.v) has been carefully and
completely excavated by the Greek Archaeological Society.

The great importance of the finds is mainly due to an
event which, at the time, must have seemed fatal to all

record of the city’s beauty—the havoc wrought by the

Persians, when they occupied the rock-fortress in 480 B.c.

When the Athenians in the next year, after the victory of

Platsea, returned to their citadel, they found it a mass of

ruins, and nothing remained but to bury out of sight the

shattered fragments of their shrines and the works of art

which had been dedicated to their goddess. But their

loss has been our gain, for the wreck of the ruined Athens
of the early 5th century has rested quietly in the ground
from that day to this, and has only now been dragged
forth and ranged in the Athenian museums. To the

archaeologist, nothing seems more desirable than to secure

a fixed date for a series of monuments. And on this site

the year 480 is defined by the circumstances of the case as

the time below which all the monuments to be found in

certain strata cannot be brought. We are thus able to

reconstruct in imagination, at all events in outline, the

surface of the Acropolis as it existed in the days of Pisi-

stratus and of Themistocles.

The extensive precinct of the god iEsculapius in the

neighbourhood of Epidaurus has also been cleared by the

Greek archaeologists under M. Kavvadias. Here the

main interest, besides that which belongs to recovered

fragments of buildings and series of sculptures, arises from
the fact that Epidaurus was a sort of Baden of antiquity,

a resort of those who were out of health and sought
recovery either at the hands of the physician-god, or from
the natural salubrity of the place and its healthful regimen.
We find on the spot not only shrines of the deities, but
covered seats shielded from all the winds, an abundant
supply of water for baths, porticoes as a refuge from
summer heat, and a theatre and a stadium for the refresh-
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ment of the mind and the exercise of the body. (See
Epibatjrus.)

Many other sites in Greece proper have yielded valu-
able results. At Megalopolis, a party of English students
have recovered the plans of various buildings, in particular
of the theatre and the hall of assembly where the repre-

sentatives of the cities of Arcadia met in conclave. The
ground plan of Corinth is being rapidly recovered by
American archaeologists, who have also succeeded in

revealing the phases which the Argive Heraeum passed
through in the course of long ages. The temples of

Apollo Ptoos in Boeotia, of Athena Alea at Tegea, of the
great goddesses at Lycosura have also been in part brought
to light, with happy results for the history of Greek
sculpture. Of these results we shall have to speak further

in the course of this article.

Among the islands of the iEgean, there has been of

late years much research and excavation. The results

belong in great part to the prehistoric age of Greece, and
are spoken of in the article on Mycen-^jan Civilization.

But Delos in particular has furnished us not only with the

foundations of temples and the plans of private houses,

but also with some very important examples of sculpture,

which may be said to give us the clue to the history of

the rise of the art.

Mr Petrie’s important excavations in Egypt, and the

more recent and equally striking discoveries of Mr A.

J. Evans in Crete, have been valuable as fixing the

dates of early classes of .^gean and Mycenaean pottery,

and revealing to us the nature of the early .^Egean civiliza-

tion. And the site of Naucratis in particular, excavated

by Mr Petrie and Mr Ernest Gardner in 1884-86, has

given us dates for various kinds of early Ionian pottery,

as well as furnished us with valuable data for recovering

the history of the Greek alphabet.

Partial excavations have been made on the sites of

some of the great Ionian cities of Asia Minor. At Ephesus,

the researches of Wood, which have enriched the British

Museum with many arcliitectural and sculptural fragments

from the great temple of Artemis, have been resumed by
the Austrian Government. The temple of Apollo at

Miletus has been explored by MM. Bayet and Thomas

;

further excavations are taking place on this site. The

Americans have made extensive excavations at Assos.

The site of Pergamon, which has been occupied by the

German Archaeological Institute, has yielded results which

have added an important chapter to Greek art, and shown

us the sculptors of Greece working under new conditions

and in a new style. Clazomenae and other cities have

furnished us from their burying-grounds sarcophagi and

painted vases which throw light on the origin and early

history of Ionian art. It is unnecessary to proceed further

with this enumeration^ what has been written will be

sufficient to give the reader some idea of the energy with

which excavation has been carried on in Greece of late

years, and of the richness and variety of the results which

it has attained.

Turning to Italy,,we naturally think first of Rome. In

that centre of the world, the main interest of all excava-

tion must be topographic and historic, and for results of

this character the reader must turn to the article Rohe.

But in the course of investigation a great number of

important works of ancient sculpture and painting have

been brought to light, most of which now adorn the

museums of the Capitol and the new museum of the

Terme. We may instance the wonderful bronze figures of

a Hellenistic king and of a pugilist, and the wall-paintings

of the house at Prima Porta. Of other excavations in

Italy, an excellent summary will be found in Prof,

von Duhn’s article in vol, xvi. of the Jowrml of Hellemc
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Studies, At Locri tw^o Ionic temples have been discovered.

The building of an arsenal at Tarentum has been the

occasion of the discovery of very rich deposits of terra-cotta

votive offerings. At Pompeii a house of gi*eat beauty

and interest, w’hich bears the name of the Vettii, has been

found, and has furmshed a number of fresh paintings.

Excavations at Falerii deserve a particular mention,

because their results are separately arranged in a special

museum at Rome, that of the Villa Papa Giulio, gi'v’ing us
materials for tracing the artistic history of the city from
period to period. At this museum is also a very attractive

restoration of a Greek temple, with its decoration in terra-

cotta and its brilliant colouring.

The researches of Signor Orsi in Sicily on the sites of

Megara and Syracuse have resulted in the establishment of

an archmological history of Sicily, which may be traced

in the museums of Spacuse and Palermo from the earliest

days down to the period of Greek invasion, and onwards

to the Roman age. The site of Selinus, w^hich has long

been a valuable mine of sculpture of the early period, has

again in recent years furnished us with metopes from its

temples of great interest
i
and the plan of the city has now

been in great measure laid bare, as well as of the fortifi-

cations erected by Hermocrates, 'when at the end of the

5th century he turned the ruins of the town into a fortress

whence to w^age war against the Carthaginians. No
country is more full of the memorials of history than

Sicily
;
but cannot pursue this subject

;
we must refer

the reader to the ample and most interesting history of

Sicily by Mr Freeman, a writer wffio fully understood how
much light existing remains may cast on the past history

of a city.

A class of ancient buildings which has received special

attention in recent years is the great open-air theatres

with which every Greek city was provided,

Fresh theatres have been excavated at Pheeus,

Eretria, Delos, Megalopolis, Epidaurus, and other places

;

and the model of all such erections, the theatre of Dionysus

at Athens, has been most carefully investigated. In this

work the leading part has been taken by Dr Dorpfeld

of Athens. The result has been the setting forth hy

Dr Dorpfeld, with the utmost skill, of the view that there

was no stage in use in Greek theatres, but that the actors

and the chorus performed together in the space at the

back of the orchestra, and in front of the stage buildings.

(See Dorpfeld and Reisch, Das griechische Theater,) This

novel view has met with severe criticism in Germany, and

especially in England. The arguments against it are set

forth by Haigh, in his Attic Theatre, It is likely that

scholars will long be divided in their opinions as to the

existence or non-existence of a stage among the Greeks.

In the opinion of the present 'writer it can be proved from

extant remains that a stage was in use in Greek theatres

of the 3rd century b.c,, and although we cannot demon-

strate that the same was the case in the days of the great

Attic tragedians, it is by far the most likely supposition.

However this be, the researches and the book of Dr
Dorpfeld have enabled us to approach all questions in

regard to the staging of Greek plays with far greater

knowledge.

The materials for a reconstruction of the private houses

of the Greeks have also been rapidly accumulating. At

Delos, at Assos, at Priene, and on other sites, the

plans of ancient houses have been brought to

light. At present, few of these plans have been published

;

but it has &come clear that we have hitherto b^n misled

by Vitruvius into the belief that Greek houses were of

uniform plan, like the temples; whereas they varied

greatly according to the ground, the fortune of the builder,

or the fashion of the district. For gaining a sense of the
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external conditions of ancient life, Pompeii is still by far

tbe most useful site. The recent book on Pompeii by

Man, translated by Kelsey, is by a writer TV'ho has an

unequalled knowledge of the site
j
and the more ambitious

work of C. Weichardt {Fompei vor der Zerstoerung) brings

before the reader’s eyes, by means of skilled restorations,

the actual state of Pompeii before its sudden destruction.

We propose next to treat briefly of the advances made

by recent discovery in our knowledge of Greek and Poman
monuments and art, dividing our account into the same

periods which Mr Muiray has adopted in his article,

Clissical xA-echeology, in the ninth edition of this

Encyclopcudia.^

The ]3eriods accepted are the following :—I. 900-700

B.C. 11. 700-480 B.o. III. 480-400 b.c. IY. 400-

320 B.c. Y. After 320 b.c.

Feriod /. 900-700 B.c.

In Mr. A. S. Murray’s earlier article the art of the

later prehistoric age of Greece, now usually called the

Mycenaean age, is included with that of historic Greece, to

which indeed it naturally serves as an introduction. But
for our present purposes the art of Mycenae is reserved for

separate treatment (see Mycenean Civilization). We
have therefore to deal only ^vith the art which succeeded that

called Mycenaean, beginning about the year 900 b.c. The
fact is now generally allowed that the Mycenaean civiliza-

tion was for the most part destroyed by an invasion from

Dorian
north. This invasion appears to be that

inv^on, Greek tradition the Dorian immigra-
tion. ArchtBological evidence abundantly proves

that it was the conquest of a more by a less rich and
civilized race. In the graves of the period 900-700 b.c.

we find none of the wealthy spoil which has made cele-

brated the tombs of Mycenae and Baphion (Yaphio). The
character of the pottery and the bronze-work wluch is found
in these later graves reminds us of the art of the necropolis
of Hallstadt in Austria, and other sites belonging to what is

called the bronze age of North Europe. Its predominant
characteristic is the use of geometrical forms, the lozenge,

the triangle, the mseander, the circle with tangents, m
place of the elaborate spirals and plant-forms which mark
Mycenaean ware. For this reason the period from the 9th
to the 7th century in Greece passes by the name of “ the
Geometric Age.” It would seem that in the remains of the
Geometric Age we may trace the influence of the Dorians,
who, coming in as a hardy but uncultivated race, probably
of purer Aryan blood than the previous inhabitants of
Greece, not only brought to an end the wealth and the
luxury which marked the Mycenaean age, but also replaced
an art which was in character essentially Oriental by one
which belonged rather to the North and the West. The
great difficulty inherent in this view, a difiSiculty which
has yet to be met, lies in the fact that some of the most
abundant and characteristic remains of the geometric age
which we possess come, not from Peloponnesus, but from
Athens and Boeotia, which were never conquered by the
Dorians.

The geometric ware is for the most part adorned with
painted patterns only. We engrave (Fig. 1) a characteristic

Geometric
^ small two-handled vase from Ehodes

^ ^ in the Ashmolean Museum, the adornment of
which consists in zigzags, chcles with tangents,

and lines of water-birds, perhaps swans. Other geometric
vases will be found in Eneg, Frit vol. xix. p. 607, Fig. 16.
Sometimes, however, especially in the case of large vases

^ It is not to be supposed that the present writer agrees with all
the views set forth by Mr Murray in that article

j
on many of the

subjects of which he treats scholars will always differ among them-
selves.

from the cemetery at Athens which adjoins the Dipylon
gate, scenes from Greek life are depicted, from daily life,

not from legend or divine myth. Especially scenes from
the lying in state and the burial of the dead are prevalent.

We engrave an excerpt from a Dipylon vase (Fig. 2), in

w^hich is seen a dead man on his couch surrounded by

Fig. 1.—Geometric vase from Rhodes. Ashmolean Museum.

mourners, male and female. Both sexes are apparently

represented naked, and are distinguished very simply;

some of them hold branches to sprinkle the corpse or to

keep away flies. It will be seen how primitive and con-

ventional is the drawing of this age, presenting a wonderful
contrast to the free drawing and realistic modelling of the

Mycenaean age. In the same graves with the pottery are

Fig. 2.—Corpse with mourners. Mon. d. Inst. ix. 39.

sometimes found plaques of gold or bronze, and towards
the end of the geometric age these sometimes bear scenes

from mythology, treated with the greatest simplicity. For
example, in the museum of Berlin are the contents of a
tomb found at Corinth, consisting mainly of gold work
of geometric character. But in the same tomb were also

found gold plates or plaques of repousse work bearing sub-

Fig. 3.—Gold plaques : Corinth. Arch. Zeit. 1884, 8.

jects from Greek legend. Two of these (Fig. 3) we engrave.
On one plate Theseus is slaying the Minotaur, while
Ariadue stands by and encourages the hero. The tale could
not have been told in a simpler or more straightforward
way. On another plate we have an armed warrior with
his charioteer in a chariot drawn by two horses. Tho
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Fig. 4.—nandle of tripod : Olymjpia, n. 33.

treatment of the liuman body is here more advanced than
on the vases of the

Dixjylon. On the

site of 01yinx>ia,

where Mycemean
remains are not

found, but the ear-

liest monuments
seem to belong to

the Dorian age, a
quantity of dedica-

tions in bronze have

been found, the de-

coration of which
belongs to this

style. We engrave

(Fig. 4) the handle

of a trixDod from
Olympia, which is

adorned with geo-

metric patterns and
surmounted by the

figure of a horse. In the 'Tth centuiy, however, it was

not unusual to adorn votive

tripods and coffers with mytho-

logic representations. Especi-

ally interesting is one plate of

bronze, also from Olympia,

used for some such purpose

(Fig. 5), and showing in re-

pousse work, finished with the

graving tool, a winged Artemis

grasping two lions, and Hera-

kles shooting a centaur, whose
front legs are human, not

equine. In the upper lines of

the relief are pairs of eagles

and griffins. Another similar

plate represents again HeraMes
shooting. More than one

breastplate has come from

Olympia engraved by the tool

with scenes such as one finds

on early vases. Votive models

of animals are also abundant.

In fact, the history of Greek

art from 800 to 500 b.o. can

be nowhere better traced than in the plates of Furtwangler's

great work on the bronzes of Olympia.

Period II, 700-480 b.c.

It w^as in the 6th century that the genius of the Greeks,

almost suddenly, as it seems to us, emancipated itself from

the thraldom of tradition and passed beyond the limits

with which the nations of the East and West had hitherto

been content, in a free and bold effort towards the ideal.

Thus the 6th century marks the stage in art in which it

may be said to have become definitely Hellenic. The
Greeks still borrowed many of their decorative forms,

through Phoenician agency, from the old-world empires of

Egypt and Babylon, but they used those forms freely to

express their own meaning. And gradually, in the course

of the century, we see both in the painting of vases and

in sculpture a national spirit and a national style forming

under the influence of Greek religion and mythology,

Greek athletic training, Greek worship of beauty. We
must here lay emphasis on the fact, which is sometimes

overlooked in an age which is greatly given to the Dar-

winian search after origins, that it is one thing to trace

back to its original sources the nascent art of Greece, and

Fig. 5.—Bronze plate : Olympia.

Ionian
vases.

quite another thing to follow and to understand its gradual
embodiment of Hellenic ideas and civilization. The im-
mense success with which the veil has in late yeais been
lifted from the prehistoric age of Greece, and the clearness

with W'hich we can discern the various strands voven into

the web of Greek art, ha\ e tended to fix our attention rather

on what Greece pos>essed in common vdtii all other peox»les

at the same early stage of chilizatinn than on what Greece

added for her^eli to this common stock. In many resj^ects

the art of Greece is incorajurable—one of the great in-

spirations which have redeemed the world from mediocrity
and vulgarity. And it is the searching out and apprecia-

tion of this unique and ideal beauty in all its phases, in

idea and composition and execution, which is the true

task of Greek archasological science.

In very recent years it has been possible, for the first

time, to trace the infiuence of Ionian jiainting, as rex)re-

sented by vases, on the rise of ait. The dis-

coveries at Xaucratis and DajfhmB in Eg}q>t, due
to the keenness and pertinacity of Mr Petrie,

opened a new^ light in this matter. It became evident

that when those cities 'vvere first inhabited by Ionian

Gieeks, in the Tth century, they used pottery of several

distinct but allied styles, the most notable feature of which
was the use of the lotus in decoration, the pre-^^ence of con-

tinuous friezes of animals and of monsters, and the Ailing

uj) of the background with rosettes, lozenges, and other

forms. We engrave a vase found in Ehodes (Fig. C) to

illustrate this Ionian decoration. The s^diinx, the deer,

and the swan are prominent on it, the last-named serving

as a link between the

geometric ware and
the more brilliant

and varied w^are of

the Ionian cities.

The assignment of

the many species of

early Ionic ware to

various Greek locali-

ties, Miletus, Samos,

Phocsea, and other

cities, is a work of

great difficulty,

w’hich is now closely

occupying the atten-

tion of archasologists.

For the results of

their studies the

reader is referred to

two recent German
w'orks, Boehlau’s Aus
ionischen wfid itali-

srhen Kekropolen^

and Endt^s Beitrage

zur ionischeii Vasen-

uvderei. The feature which is most interesting in this

pottery from our present point of view is the wuy in which

representations of Greek myth and legend gradually make
their way, and relegate the mere decoration of the vases to

borders and neck. One of the earliest examples of represen-

tation of a really Greek subject is the contest of Menelaus

and Euphorbus on a plate found in Ehodes {Bncg, Brit, xix.

p. 61 1, Fig. 24V On the vases of Melos, of the 7th century,

which are, however, not Ionian, but irather Dorian in char-

acter, we have a certain number of mythological scenes,

battles of Homeric heroes, and the like. One of these we

engrave (Fig. 7). It represents Apollo in a chariot drawn

by winged horses, playing on the lyre, and accompanied by

a pair of Muses, meeting Ms sister Artemis. It is notable

that Apollo is bearded, and that Artemis holds her stag

Fig. 6.—Jug £rom Ehodes Miis. HapoUon, 57-
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"by the horns, much in the manner of the deities on Baby-

lonian cylinders ; in the other hand she carries an arrow

,

above is a line of water-birds.
^ _

Some sites in Asia Minor and the islands adjoining,

such cities as Samos, Cameirus in Rhodes, and the Ionian

colonies on the Black Sea, have furnished us with a mass

Fig. T.—Vase painting : Melos. Conze, Mel. Thongefasse, 4.

of ware of the Ionian class, but it seldom bears interesting

subjects; it is essentially decorative. For Ionian ware

which has closer relation to Greek mythology and history

we must turn elsewhere. The cemeteries of the great

Etruscan cities, C^re in particular, have preserved for us

a large number of vases, which are now generally recognized

as Ionian in design and drawing, though they may in some

cases be only Italian imitations of Ionian imported ware.

Thus has been filled up what was a blank page in the

history of early Greek art. The Ionian painting is unre-

strained in character, characterized by a license not foreign

to the nature of the race, and wants the self-control and
moderation which belong to Doric art, and to Attic art

after the first.

Some of the most interesting examples of early Ionic

painting are found on the sarcophagi of Clazomense. In
that city in archaic times an exceptional custom prevailed

of burying the dead in great coffins of terra-cotta adorned

with painted scenes from chariot - racing, war, and the

chase. The British Museum possesses some remarkable

specimens, which are published by Mr Murray in his

TerrorCotta Sarcophagi of the British Mmewm. On one

of them he sees depicted a battle between Cimmerian
invaders and Greeks, the former accompanied to the field

by their great war-dogs. In some of the representations

of hunting on these sarcophagi the hunters ride in

chariots, a way of hunting quite foreign to the Greeks,

but familiar to us from Assyrian wall - sculptures. We
know that the life of the lonians before the Persian con-

quest was refined and not untinged with luxury, and they
borrowed many of the stately ways of the satraps of the
kings of Assyria and Persia.

In Fig. 8 we engrave a curious product of the Ionian
workshops, a fish of solid gold, adorned with reliefs which

Fig. 8.—Fish of gold. Furfcwangler, GoUfund v. Vettersfelde.

represent a flying eagle, lions pulling down their prey,
and a monstrous sea-god among his Shes. This relic is

(CLASSICAL)
the more valuable on account of the spot where it was

found— Vettersfelde in Brandenburg. It furnishes a

proof that the influence and perhaps the commerce of the

Greek colonies on the Black Sea spread far to the north

through the countries of the Scythians and other bar-

barians. The fish dates from the 6th century b.c.

From Ionia the style of vase-painting which has been

called by various names, but may best be termed the

“ orientalizing,” spread to Greece proper. Its main home
here was in Corinth ;

and small Corinthian unguent-vases

bearing figures of swans, lions, monsters, and human
beings, the intervals between which are filled by rosettes,

are found wherever Corinthian trade penetrated, notably

in the cemeteries of Sicily. For the larger Corinthian

vases, which bore more elaborate scenes from mythology,

we must again turn to the graves of the cities of Etruria.

Here, besides the Ionian ware, of which mention has

already been made, we find pottery of three Greek cities

clearly defined, that of Corinth, that of Chalcis in Euboea,

and that of Athens. Corinthian and Chalcidian ware is

most readily distinguished by means of the alphabets used

in the inscriptions (see Ency. Brit, xix. p. 609), which

have distinctive forms easily to be identified. Whether in

the paintings coming from the various cities any distinct

differences may be traced is a far more diffiicult question,

into which we cannot now enter. The subjects are mostly

from heroic legend, and are treated with great simplicity

and directness. There is a manly vigour about them
which distinguishes them at a glance from the laxer works

of Ionian style. We figure (Fig. 9) a group from a

Chalcidian vase which represents the coiffiict over the

Fig. 9.—Fight over the body of Achilles. Mon, d, Inst. i. 51.

dead body of Achilles. The corpse of the hero lies in the
midst, the arrow in his heel. The Trojan Glaucus tries to

drag away the body by means of a rope tied round the
ankle, but in doing so is transfixed by the spear of Ajax,

who charges under the protection of the goddess Athena.
Paris on the Trojan side shoots an arrow at Ajax. The
other combatants of the group we omit for want of space.

In Fig. 10 is a scene from a Corinthian vase. Ajax falls

on his sword in the presence of his colleagues, Odysseus
and Diomedes. The short stature of Odysseus is a well-

known Homeric feature. These vases are black-figured;

the heroes are painted in silhouette on the red ground of

the vases. Their names are appended in archaic Greek
letters.

The early history of vase-painting at Athens is com-
plicated. It was offiy by degrees that the geometric style

gave way to, or developed into, what is known
as the black-figured style. It would seem that

until the age of Pisistratus Athens was not notable in the

world of art, and nothing could be ruder than some of the

vases of Athens in the 7th century, for example that here

figured, on one side of which are represented the winged
Harpies (Fig. 11) and on the other Perseus accompanied
by Athena flying from the pursuit of the Gorgons. This

vase retains in its decoration some features of geometric

style; but the lotus and rosette, the lion and sphinx,
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'which appear on it, belong to the -wave of Ionian in- I

hueuce. Although it involves a departure from htrict I

chronological order, it will be well here to follow the *

coiLTbe ot development in pottery at Athens until the
*

Fig. 10.—Smcide of Ajax Mus. Napoleon, G6.

end of our period, iSTeighbouring cities, and especially

Corinth, seem to have exercised a strong influence at

Athens about the 7th century. We have even a class of

vases called by archaeologists Corintho-Attic. But in the

course of the 6th century there is formed at Athens a

Pig. 11.—Haipies; Attic \a'.e. Arch, Zeit. 1SS2, 9.

distinct and marked black-figured style. The most re-

markable example of this ware is the so-called Frangois

vase at Munich, by Clitias and Ergotimus, recently

smashed by a madman, which contains, in most careful

and precise rendering, a number of scenes from Greek

Fig, 12.-—Foot-race : FanatHenaio vase. Mon, d* Inst, x. 48 nu

myth. One of these vases is dated, since it bears the

name and the figure of Callias in his chariot (Mm, dell*

Imt, iiL 45), and this Callias won a victory at Olympia
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in 564 B.C. We engrave (Fig. 12) the reverse of a some-
what later black-figured vase ot the Panathenaic class,

gi\en at Athens as a prize to the winner of a lout-race at

the Panathenaja, with the foot-race {stndion) lepresented on
it. A large number of Athenian vases of the 6th century
have reached u>, which bear the signatures of the potters
who made, or the artists who painted them ; lists of these
will be found in the ustdiil uork of Klein, GriechMe
Vaseii hiit The recent excavations on
the acroiiolis have proved the erroneousness of the view,
strongly maintained by Bnmn, that the mass of the black-
figured vases v\ere of a late and imitative fabric. We
now know that, vvuth a few exceptions, vases of this class

are not later than the early pait ot the 5tli century. The
same excavations have also proved that red-figured vase-

painting, that is, vase-painting in which the background
was blocked out with black, and the figures left in the
natural colour of the vase (JOimj. JJrit. xix. p. 613)
originated at Athens in the last quarter of the Gth
century. We cannot here give a detailed account of the

beautiful series of Athenian vases of this fabric. Many
of the finest of them are in the British Museum, We
engrave, as an example (Fig. 13), a group by the painter

Pamphseus, representing Hercules vvTestling with the

river-monster Achelous, w'hich belongs to the age of the

Pig. 13.—Herakles and Achelous. iricutr Vorhgihluttpr, D. C.

Persian wars. The clear precision of the figures, the

vigour of the grouping, the correctness of the anatomy,

and the delicacy of the lines are all marks of distinction.

The student of art will perhaps find the nearest parallel

to these vase-pictures in Japanese drawings (g.y.). The
Japanese artists are very inferior to the Greek in their

love and understanding of the human body, but equal

them in freshness and vigour of design. At the same
time began the beautiful series of white vases made at

Athens for the purpose of burial with the dead, and
found in great quantities in the cemeteries of Athens,

cf Eretria, of Gela in Sicily, and of some other cities.

They are well represented in the British Museum, and
that of Oxford.

We now return to the early years of the 6th century,

and proceed to trace, by the aid of recent discoveries, the

rise of architecture and sculpture. The Greek temple

in its character and form gives the clue to the whole

character of Greek art. It is the abode of the deity, who
is represented by his sacred image

;
and the flat surfaces

of the temple offer a great field to the sculptor for the

depicting of sacred legend. The process of discovery has

emphasized the line which divides Ionian from Dorian

architecture and art. We will speak first of the temples

and the sculpture of Ionia. The lonians were a people
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far more susceptible than the Dorians to the influences of

Oriental civilization. The dress, the art, and
Ionian luxury of Western Asia irresistibly attracted
temp es.

gi^^pect that Ionian workmen
in the service of Asiatic rulers contributed largely to the

adornment and the beauty of the palaces of ISTineveh and

Persepolis. Two of the great Ionian temples, dating from

the Gth century, have been excavated in recent years. At
Miletus, the labours of Messrs Bayet and Thomas have

succeeded in discovering the plan of the great temple of

Apollo, and even of the underground oracular chamber

which lay beneath it, but the architectural fragments

which they have brought to light belong all to a later

construction; and the only figures which can be con-

sidered as belonging to the original temple destroyed by
Darius are the dedicated seated statues, some of which,

brought away by Sir Charles Newton, are now preserved

at the British Museum. At Ephesus Mr Wood has been

more successful, and has

recovered considerable

fragments of the temple

of Artemis, to which, as

Herodotus tells us,

Croesus presented many
columns. The lower part

of one of these columns,

bearing figures in relief

of early Ionian style, has

been put together at the

British Museum (Fig.

14); and remains of in-

scriptions recording the

presentation by Croesus

are still to be traced. Be-
liefs from a cornice of

somewhat later date are

also to be found at the

British Museum. Among
the JEgean islands, Delos

has furnished us with the

most important remains

of early art. French ex-

cavators have there found
a very early statue of a

woman dedicated by one Nicandra to Artemis (Fig. 16),

a figure which may be instructively compared with another

from Samos, dedicated to Hera by Cheramnes. The
Delian statue is in shape like a flat beam ; the Samian,

which is headless, is like a round tree. The arms of the

Delian figure are rigid to the sides
;
the Samian lady has

one arm clasped to her breast (Fig. 15). A great im-

provement on these helpless and inexpressive figures is

marked by another figure found at Delos, and connected,

though without absolute certainty, with a basis recording

the execution of the statue by Ai'chermus and Micciades,

two sculptors who stood, in the middle of the Gth century,

at the head of a sculptural school at Chios. The repre-

sentation (Fig. 17) is of a running or flying figure, having
six wings, like the seraphim in the vision of Isaiah, and
clad in long drapery. It may be a statue of Nike or
Victory, who is said to have h^n represented in winged
form by Archermus. The figure, with its neatness and
precision of work, its expressive face and strong outlines,

certainly marks great progress in the art of sculpture.

When we examine the early sculpture of Athens, we find

reason to think that the Chian school had great influence

in that city in the days of Pisistratus.

At Athen^ in the age 660-480, we may trace two miite
distinct periods of architecture and sculpture. In the
earlier of the two periods, a rough limestone was used

Fio. 14.—Sculptured pillar : Ephesus.
Bnt. Museum.

alike for the walls and the sculptural decoration of
temples

;
in the later period it was superseded

by marble, whether native or imported. Every ^^*eo/ao

visitor to the museum of the Atheniau acropolis,

stands astonished at the recently leco'vered jproups "wl icJi
decorated the pediments of Athenian temples hetore the
age of Pisistratus—groups of large size, ludely uit in

Fig. 15.—Figure dedicated to Fig. 16 —Figure dedicated to
Hera : Pans. Artemis ; Athens.

stone, of primitive workmanship, and painted with bright
red, blue, and green, in a fashion which makes no attempt
to follow nature, but only to produce a vivid result.

The two largest in scale of these groups seem to have
belonged to the pediments of the early Gth century temple
of Athena. One represents the combat bet-ween Zeus and
Hercules, who kneel back to back in the middle of the

Fig. 17.—^Nike of Giian school, restored.

group, and their monstrous opponents Typhon and his

wife Echidna
;
the other represents the struggle between

Hercules and Triton in the presence of the serpent-footed

Cecrops, first king of Attica. On other smaller pediments,

perhaps belonging to shrines of Hercules and Dionysus,

we have again conflicts of Hercules with Triton or with

other monstrous foes. It is notable how fond the

Athenian artists of this early time are of exaggerated
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muscles and of monstrous forms, whicli combine the limbs
of men and of animals

;
the measure and moderation \\hich

mark developed Greek art are as completely absent as are
skill in execution or power of grouping. We engrave
(Fig. 18) a small pediment in which appears in relict the
slaving of the Lernaian hydra by Hercules. The hero
strikes at the many-headed water -snake, somewliat in-

appropriately, with his club. lolaus, his usual com-

Fio IS.—Athenian pecUunrit . Heiaklts and Uvdra
Athe?i Mittkiil. X. 237.

panion, holds the reins of the chariot w^hieh awaits Her-
cules after his victory. On the extreme left a huge crab
comes to the aid of the hydra.

There can be little doubt that Athens owed its great
start in art to the influence of the court of Pisibtratus, at
v^hich. artists of all kinds were welcome. We can trace a
gradual transformation in sculpture, in which the influ-

ence of the Chian and other progressive schools of sculp-

ture is visible, not only in the substitution of island

marble for native stone, but in increased grace and truth
to nature, in the toning down of glaring colour, and the
appearance of taste in composition. A transition between
the older and the newer is furnished by the well-known
statue of the calf-bearer, an Athenian preparing to sacri-

fice a calf to the deities, which is made of marble of

Hymettus, and in robust clumsiness of forms is not far

removed from the limestone pediments. The sacrificer has
been commonly spoken of asHermes orTheseus, but beseems
rather to be an ordinary human votary of the goddess.

In the time of Pisistratus or his sons a peristyle of

columns was added to the old temple of Athena; and
this necessitated the preparation of fresh pediments.
These were of marble. In one of them was represented

the battle between gods and giants
;
in the midst Athena

herself strikinj? at a prostrate foe {Pisr. 19). In these

F7o. 19,—Pediment : Athena and giant. Athen, MittheU, xxii 3.

figures no eye can fail to trace remarkable progress. On
about the same level of art are the charming statues of

votaresses of Athena, dedicated to her, which were set up
in the latter half of the 6tfa century in the acropolis,

whose graceful though conventioiuil fonu^, ari<l delicate
colouring, make them one of the great
attractions of the Acropolis Musimm.
We engrave (Fig. 1>0) a figure which, if

it be rightly connected with the basis
on which it stands, is the work of the
sculptor Alltenor, who w'as also author
of a celebrated gi'oup i eiiresenting the
t\ rant-slayers, Harmodiu*. ami Aristo-
geiton. To the same age belong many
other voti\e reliefs of the aeropolit,, re-

presenting horsemen, scribes, and other
votaries of Athena.
From Athens we pass to the seats of

Dorian art. And in doing so w e find a
complete change of chaiacter.

In place of draped goddesses
and female figures, w^e find

^

nude male forms. In place of Ionian
softness and elegance, w^e find hard rigid

outlines, strong muscular development, a
greater love of and faithfulness to the
actual human form—the influence of
the pakestra rather than of the harem.
To the knowm series of archaic male Fig. so—

F

igmo df

figures, recent years have added many lestoit^d

examples. e may evSj^ecially mention a series of figures
from the temple of Apollo Ptoos in Bceotia, probably re-

presenting the god himself. Still more notew'orthy are
two colossal nude figures of Apollo, remarkable both for
force and for rudeness, found at Delphi, the inscriptions
of w’-hich prove them to be the work of an Argive
sculiotor. From Crete w'e have act^uired the upper part of
a draped figure (Fig. 21), w^hether male or female is not

Fig. 21.—Bmt from Ciote.

certain, which should be an example of the early Dsedalid

school, whence the art of Pelojionnesus 'was derived ;
but

we can scarcely venture to treat it as a characteristic pro-

duct of that school
;

rather the likeness to the dedication

of Ni6andra (Fig. 16) is striking,

Next in importance to Athens, as a find-spot for works

of early Greek art, ranks Olympia. Olympia, however,

did not suffer like Athens from sudden violence, oi^jtrpyr«,

and the explorations there have brought to li^ht sp^trtst

a continuous series of remains, beginning with Seiinm.

the hronase tripods of the geometric age already mentioned,

8* I— 73
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the most curious of early sculptures, the metopes of
ancient temples, representing the exploits of Hercules and
of Perseus. Even more archaic metopes have in recent
years been brought to light, one representing a seated
sphinx, one the journey of Europa over the sea on the
back of the amorous bull (Fig. 24), a pair of dolphiuwN
swimming beside her. In simplicity and in rudeness of
work these reliefs remind us of the limestone pediments of
Athens (Fig. 18), but yet they are of another and a severer
style

;
the Ionian laxity is wanting.

When the results of the recent French excavations at
Delphi are published, there is no doubt that we shall be
able to add a new and important chapter to the
history of 6th-century art. Of tliree ti ensure-
houses, those of Sicyon, Cnidus, and Athens, the sculptural
adornments have been in great part recovered. These
sculptures form a series almost covering the century o70-
470 B.C., and include representations of some inyth'> of
Tsrhich we have hitherto had no example. Although the
results of tlie excavations at Delphi are not yet published
we say here a few words as to the sculptoe which has been
discovered, leaving to the article Delphi an account of the
topography and the buildings of the sacred site. Ot the

Fig. 22.—Head of Hera : Olympia,

and ending at the barbarian invasions of the 4th century

A.i>. Notable among the 6th-century stone-sculpture of

Olympia are the pediment of the treasury of the people of

Megara, in which is represented a battle of gods and
giants, and a huge rude

head of Hera (Fig. 22),

which seems to be part

of the image wor-

shipped in the Heraeum.

Its flatness and want
of style are noteworthy.

Among the temples of

Greece proper the
Herseum of Olympia
stands almost alone for

antiquity and interest,

its chief rival, besides

the temples of Athens,

being the other temple

of Hera at Argos. It

appears to have been

originally constructed

of wood, for which
stone was by slow de-

grees, part by part, sub-

stituted. In the time

of Pausanias one of the

pillars was still of oak, and at the present day the varying

diameter of the columns and other structural irregularities

bear witness to the process of constant renewal which must
have taken place. The early small bronzes of Olympia
form an important series, figures of deities standing or

striding, warriors in their armour, athletes with exaggerated
muscles, and women draped in the Ionian fashion, which
did not become unpopular in Greece until after the Persian

.wars. Excavations at Sparta have not produced any
sculptures admirable in an artistic way; but they have
revealed interesting monuments belonging to the worship
of ancestors, which seems in the conservative Dorian states

of Greece to have been more strongly developed than else-

where. On some of these stones, which doubtless belonged

to the family cults

of Sparta, we see

the ancestor seated

holding a wine-cup,

accompanied by his

faithful horse or

dog
;

on some we
see the ancestor and
ancestress seated

side by side (Fig.

23), ready to receive

the gifts of their

descendants, who
appear in the comer
of the relief on a
much smaller scale.

The male figure

holds a wine-cup, in

allusion to the libar

tions of wine made
at the tomb. The
female figure holds

her veil and the pomegranate, the recognized food of
the dead, A huge serpent stands erect behind the
pair. The style of these sculptures is as striking as the
subjects; we see lean i^id forms with severe outline
carved in a very low relief, the surface of which is not
rounded but flak The name of Selinus in Sicily, an early
Megarfan colony, has long been associated with some of

Fig. 23.—Spartan tombstono: Berlin.

Fig. 24 —Metope ; Europa on Bull : Paler'i o.

archaic temple of Apollo, built as Herodotus tells us by the

Alcmaeonidae of Athens, the only sculptural remains which

have come down to us are some fragments of the pedimental

figures. Of the treasuries which contained the offerings of

the pious at Delphi, the most archaic of which theie are

remains is that belonging to the people of Sicyon. To it

appertain a set of exceedingly primitive metopes. One
represents Idas and the Dioscuri driving off cattle

;
another,

the ship Argo
; another, Europa on the buU

;
others merely

animals, a ram or a boar. The treasury of the people of

Cnidus (or perhaps Siphnos) is in style some half a century

later. To it belongs a long frieze representing a variety of

curious subjects : a battle, perhaps between Greeks and

Trojans, with gods and goddesses looking on ;
a giganto-

machy in which the figures of Poseidon, Athena, Hera,

Apollo, Artemis, and Cybele can be made out, with their

opponents, who are arm^ like Greek hoplites
;
Athena and

Hercules in a chariot
;
the carrying off of the daughters of

Leucippus by Castor and Pollux ;
.Slolus holding the winds

in sacks. The Cnidian treasury was restored in the

French Exposition of 1900, The cornice of the front was

supported by two archaic figures of Caryatids ;
a sphinx

and two miming Victories stand on the top of the pediment

as acroteria, while within the pediment is represented the

struggle between Apollo and Hercules for the possession of
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the Delpilic tripod. The treasury of the AtheniauvS, erected

at the time of the Persian wars, was adorned with some
metopes of singularly beautiful and clear-cut style, re-

]»resenting the deeds of Hercules and Theseus. Besides

the decoration of the treasuries, and the charioteer men-
tioned below, there were found tw'o very rude figures of

Apollo naked, ])y Argive artists, a colossal sphinx on a lofty i

pillar dedicated by the people of Xaxos, and other statues.

Period ///. 4S0400 E.o. I

( )n the age of the great early masters of sculpture, of
^

^tyron, Phidias, and Polycleitus, much light 1ms been
j

throwm in the last quarter of a century, partly by means
j

of new excavation, but also, in a scarcely less degi*ee,

through the careful re-examination of known monuments.
Under this period, the first place certainly belongs to the

great temple of Zeus at Olympia. The statue by Phidias

which once occupied the place of honour in that temple,

and was regarded as the noblest monument of Greek
religion, has of course disappeared, nor are we able with

Olympia: Confidence to restore it. But the plan of the

Temple of temple, its pavement, some of its architectural
Zeus, ornaments, remain. The marbles which occupied

,

the pediments and the metopes of the temple have been in

large part recovered, having been probably thrown dowm •

(CLASSICAL) 579

by earthquakes and gradually buried in the alluvial soil.

The utmost ingenuity and science of the archieologists of

Germany ha\e been employed in the recovery of the com-
Iiosition of these groups ; and although doubt leniaiiis as

to the places of some figures, and their precise attitudes,

yet we may fairly say that we know more about the
sculpture of the Olympian temple of Zeus than about the

sculpture of any other great Greek temple. The exact

date of these sculptures is not certain, but we may with
some confidence give them to the middle of the 5th century
or a few years earlier. (In speaking of them we shall

mowstly follow the opinion of Dr. Treu, whose masterly

W'ork in vol. iii. of the great German publication on
Olympia is a model of patience and of science.) In the

eastern pediment (Fig. :35), as Pausanias tells us, were
represented the preparations for the chariot-race between
CEnomaus and Pelops, the result of which w as to determine
w-hether Pelops should find death, or a bride and a king-

dom, In the midst, invisible to the contending heroes,

stood Zeus the supreme arbiter. On one side of him stood

CEnomaus with his wife Sterope, on the other Pelops and
Hippodameia, the daughter of CEnomaus, whose position at

once indicates that she is on the side of the new-comer,
whatever her parents may feel. Next on either side are

the four-horse chariots of the two competitors, that of

Fig 25 —Eiisfc pediment : Oljmpia. T\\o rebtoratiuiiis.

(Enonuus in the charge of his perfidious groom Myrtilus,

who contrived that it should break doAvn in the running,

that of Pelops tended by his grooms. At either end,

w’here the pediment narrows to a point, reclines a river-

god, at one end Alpheus, the chief stream of Olynipia,

at the other end his tributary Cladeus. Only one figure

remains, not noticed in the careful description of Pausanias,

the figure of a handmaid kneeli^, perhaps one of the

attendants of Sterope. Our engraving gives two conjectural

restorations of the pediment, that of Treu and that of

Kekule, which differ principally in the arrangement of the

corners of the composition; the position of the central

figures and of the chariots can scarcely be called in question.

Tne moment chosen is one, not of action, but of expectancy,

I)erhaps of preparation for sacrifice. The arrangement is

undeniably stiff and formal, and in the fibres we not©

none of the trained perfection of style which belongs to

the sculptures of the Parthenon, an almost contemporary

temple. Faults abound, alike in the rendering of drapery

and in the representation of tbe human forms, and the

sculptor has evidently trusted to the painter who was

afterwards to colour his work, to remedy some of his

clumsiness, or to make clear the ambi^ous. Nevertheless

there is in the whole a dignity, a sobriety, and a simplicity

which reconcile us to the knowledge that this pediment

was certainly regarded in antiquity as a noble work, fit to

adorn even the palace of Zeus. In the other, the western,

pediment (Fig. 26), the subject is the riot of the Centaurs

when they attended the wedding of Hrithous in Thessaly,

and, attempting to carry off the bride and her comracle>,

w^ere slain by Pirithous and Theseus. In the midst of the

pediment, invisible like Zeus in the eastern pediment,

stands Apollo, while on either side of him Theseus -and

Pirithous attack the Centaurs with weapons hastily

snatched. Our engraving gives two possible restorations.

The monsters are in various attitudes of attempted violence,

of combat and defeat
;
with each grapples one of the Lapith

heroes in the endeavour to rob them of then prey. In the

corners of the pediment recline female figures, perhaps

attendant slaves, though the farthest pair may best be

identified as local Thessalian nymphs, looking on with the

calmness of divine superiority, yet not wholly unconcerned

in w’hat is going forward. Though the composition of the

two pediments differs notably, the one bearing the impress

of a parade-like repose, the other of an overstrained

activity, yet the style and execution are the same in both,

and the shortcomings must be attributed to the inferior skill

of a local school of sculptors compared with those of Athens

or of jEgina. It even appears likely that the designs also

belong to a local school. Pausanias, it is true, tells us that

the pedinaents were the work of Alcamenes, the pupil of

Phidias, and of Pieonius, a sculptor of Thrace, respectively

;

but it is almost certain that he was misled by the lo^
guides, who would naturally be anxious to connect the

sculptures of their great temple with well-known names.

The metopes of the temple are in the same style of art

as the pediments, but the defects of awkwardbreas and

want of mastery are less conspicuous, because the narrow
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limits of the metope exclude any elaborate grouping. The
subjects are provided by the twelve labours of Hercules

;

the figures introduced in each metope are but two or at
most three; and the action is simplified as much as
possible. The example figured (Fig. 27) represents Her-

cdes holding up the sky on a cushion, with the friendlyaid of a Hesperid nymph, while Atlas, whom he Srelieved of lus usual burden, approaches, brbm„®
apples which It was the task of Hercules to procu^'’

^

Another of the fruits of the excavations of Olympi)ia IS

the floating Yictory by Pseonius, unfortunately faceless
(Fig. 28), which was set up in all probability in memory
of the victory of the Athenians and their Messenian allies
at Sphacteria in 425 B.o. The inscription states that it
was dedicated by the Messenians and people of Naupactus
from the spoils of their enemies, but the name of the
enemy is not mentioned in the inscription. The statue of
P«onius, which comes floating down through the air with
drapery borne backward, is of a bold and innovating type.

2t.—Metope : Olympia ; restored. Olympia, Hi. 45.

and we may trace its influence in many works of the next
age.

Among the discoveries at Delphi none is so strikino-
and valuable to us as the life^ize statue in bronze of a

Mpbie holding in his hand the reins. This
cbartoteer.^ shown by M. Ho&oUe to be part of a

o ,

cl^ot-group set up by Polyzalus. brother of
t^elon and Hieron of Syracuse, in honour of a victory won

at Delphi
chanoteer is evidently a high-born youth,

and 18 cM in the long diiton which was necessary to
protect a driver of a chariot from the rush of air The
date would be about 480-470 b.c. Bronze groups repre-
wnting victorious chmotewith their drivers were am^
the noblMt and most costly dedications of antiquity • t^
present figure is our only satisfectory representati^ of

them. In style the figure is very notable, tall and slight
beyond aU contemporary examples. The contrast between
the conventional decorousness of face and drapery and the
lifelike accuracy of hands and feet is very striking and
indicates the clashing of various tendencies in art S the
time when the great style was formed in Greece.
On the works of Phidias recent discovery has thrown

some light, though but little which is direct Much
interest was aroused in 1880 by the find-
ing at Athens of a marble reduction, a yard

^*^***’

high, of the great Parthenos statue of Phidias (Pig. 30^
.

Pro. 28.—Nike of Paeonius ; restored. Olympia^ iiii 4S.

but cooler consideration has forced us to allow that though
the new statuette may be an authority as to some details

of the Phidian statue, such as the decoration of the

helmet, the attitude of the small figure of Victory, and
the position of the snake, it is not to he implicitly trusted.

The pillar which is introduced to support the weight of

the figure of Victory seems to most artists a device un-

worthy of the genius of Phidias, though there is other

evidence of its actual existence. In any case, this statuette

cannot serve to give us any adequate notion of the great

statue as a whole. Prof. Furtwangler has of late

largely contributed to Phidian literature., He believes

v
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liimself to have discovered at Dresden copies of the Lem-
Bian Athena, one of the most noted of the works of

Phidias. The reasons for the identification are set forth

in his MmUrpieces of Greek ^(ndpiure. In the same work
and the later Intermezzi will be found very ingenious

Fig. 29.—Bronze Charioteer : Delphi. MCmoireSj Piot, 1897, Irt.

attempts to reconstruct and to explain the pediments of

the Parthenon. But safer guides for the restoration of the

wonderful sculptural decoration of the noblest of Gteek

temples will be found in Dr Sauer’s careful researches into

the evidence to be won on the spot from the existing

backgrounds and bases of the pediments, from which one

may judge of the positions and attitudes of some of the

figures. And the finding of the head of Hebe in the

Parthenon frieze is a most fortunate event, as giving us a
w’ell-preserved girl’s head of the Phidian school.

To our knowledge of the art of Polycleitus many addi-

tions have been made. Among the bases discovered at

Olympia, whence the statues had been removed,

chUus, three or four which bear the name of Poly-

cleitus, and the definite evidence furnished by
these bases as to the position of the feet of the statues

which they once bore has enabled archaeologists, especially

Prof. Fui’twangler, to identify copies of those statues

among known works.

Also newly dis-

covered copies of

Polycleitan works
have made their ap-

pearance. At Delos

there has been found

a copy of the cele-

brated Diadumenus,
which is of much
finer work than the

well-known statue in

the British Museum
from Vaison. The
museum of Boston

has secured a very

beautiful statue of a

young Hermes, who
but for the wings

on the temples might
pass as a boy athlete

of Polycleitan style

(Fig. 31), In fact,

instead of relying as

regards the manner of Polycleitus on Roman copies of the
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Doryphorus and Diadumenus, we have quite a gallery of
athletes, hoys and men, who all claim relationship, nearer
or more remote, to the school

of the great Argive master.

It might have been hoped
that the recent excavations,

made under the leadership

of Prof. Waldstein at the

Argive Hermum, would have
enlightened us as to the style

of Polycleitus. Just as the

sculptures of the Parthenon
are the best monument of

Phidias, so it might seem
likely that the sculptural deco-

ration of the great temple
" W’hich contained the Hera
of Polycleitus would show
us at large liow his school

w’orked in marble. Unfor-
tunately the fragments of

sculpture from the Herjsum
are few. The most remark-
able is a female head, which
may perhaps come from a
pediment (Fig. 32), But si.—

T

orso of young Henue.s

:

archseologists are not in agree-
Boston,

ment %vhcther it is in style Polycleitan, or w^hether it

rather resembles in style Attic works. Other heads and
some highly-finished fragments of bodies come apparently
from the metopes of the same temple. (See also under
Argos.)

The series of known Lycian tombs, most of which Avere

secured by Sir Charles Fellows for the British Museum,
has been enriched through the acquisition by the

museum of Vienna of the sculptured friezes

vrhich adorned a heroon near Gyeul Bashi. In the midst

Fio. 82.—Female head : Herajum.

of the enclosure was a tomb, and the walls of the enclosure

itself were adorned within and without with a great series

of reliefs, mostly of mythologic purport. Many subjects

which but rarely occur in early Greek art, the siege of

Troy, the adventure of the Seven against Thebes, the

carrying off of the daughters of Leucippus, Ulysses foot-
ing down the Suitors, are here represent^ in detail Prof.

Benndorf, who has published these sculptures in an admir-

able volume, is disposed to see in them the influence of

the Thasian painter Polygnotus. Any one can see their

Fig. 30.—Statuette of Athezia Parthenos.
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kinsHp to painting, and their subjects recur in sonae of

the great frescoes painted by Polygnotus, Micon, and

others for the Athenians. Like other Lycian sculptures,

they contain non-Hellenic elements ; in fact Lycia forms a

link of the chain which extends from the wall-paintings of

Assyria to works like the columns of Trajan and of An-

toninus, but is not embodied in the more purely idealistic

works of the highest Greek art. The date of the Yienna

tomb is not much later than the middle of the 5th

century. We engrave a small part of the frieze of this

monument (Fig. 33). It will be seen that in this fragment

Fro 33 —Odysseus and suitors ; hunting of boar. Jfleroon of Gyml Bashi
Trysa, PI. 7.

there are two scenes, one directly above the other. In the

upper line Ulysses, accompanied by his son Telemachus, is

in the act of shooting the suitors, who are reclining at

table in the midst of a feast; a cup-bearer, possibly

Melanthius, is escaping by a door behind Ulysses. In the

lower line is the central group of a frieze which represents

the hunting of the Calydonian boar, which is represented,

as is usual in the best time of Greek art, as an ordinary

animal and no monster.

Perhaps earlier than 400 b.c. are certain groups found

at Delos, which represent respectively the carrying away

of the Athenian girl Oreithyia by the wind-god Boreas, and

the carrying off of the hunter Cephalus by the Goddess

of the Dawn. These fine groups, full of energy, but un-

fortunately fragmentary, are supposed to have once

adorned the roof of the great temple of Apollo at Delos.

They are now preserved at Athens, and are the best

examples we possess of the groups which frequently stood

on the tops of the pediments of Greek temples.

Archaeologists are now beginning to pay more attention

to an interesting branch of Greek art which had until

recently been neglected, that of sculptured por-
® traits. The known portraits of the 5th century

now include Pericles, Herodotus, Thucydides, Anacreon,

Sophocles, Euripides, Socrates, and others. As might

be expected in a time when style in sculpture was
so strongly pronounced, these portraits, unless later

unfaithful copies, are notably ideal. They represent

the great men whom they portray not in the spirit

of realism. Details are neglected, expression is not

elaborated
;
the sculptor tries to represent what is per-

manent in his subject rather than what is temporary.

Hence these portraits do not seem to belong to a particular

time of life
;
they only represent a man in the perfection

of physical force and mental energy. And the race or type

is deajfly shown through individual traits. In some cases

it is still disputed whether statues of this age represent

deities or mortaliS, so notabk are the repose and dignity

which even human figures acquire under the hands of

5th-century masters. The Pericles after Cresilas in the
British Museum, and the athlete-portraits of Polycleitus
are good examples.

It is now generally held, in consequence of evidence
furnished by tombs, that the 5th century saw the end of
the making of vases on a great scale at Athens
for export to Italy and Sicily. And in fact few
things in the history of art are more remarkable
than the rapidity with which vase-painting at Athens
reached its highest point and passed it on the downward
road. At the beginning of the century black-figured ware
was scarcely out of fashion, and the masters of the severe
red-figured style, Pamphseus, Epictetus, and their con-
temporaries, were in vogue. The schools of Euphronius
Hiero, and Duris belong to tbe age of the Persian wars!
With the middle of the century the works of these makers
are succeeded by unsigned vases of most beautiful design,

some of them showing the influence of the great Thasiair

painter Polygnotus. In the later years of the century,

when the empire of Athens was approaching its fall,

drawing becomes laxer and more careless, and in the treat-

ment of drapery we frequently note the over-elaboration

of folds, the want of simplicity, which begins to mark
contemporary sculpture. Unfortunately we cannot here

illustrate these changes of style, which can only he satis-

factorily followed in the vase rooms of the British Museum,
or other treasuries of Greek art.

Period lY. 400-320 b.c.

Until about the year 1880, our knowledge of the

great Greek sculptors of the 4th century w^as derived

mostly from the statements of ancient waiters and from

Eoman copies, or what were supposed to be copies, of their

works. We are now in a far more satisfactory position.

We now possess an original work of Praxiteles, and

sculptures executed under the immediate direction of, if

not from the hand of, other great sculptors of that age

—

Scopas, Timotheus, Damophon, and others. Among all

the discoveries made at Olympia, none has become so

familiar to the artistic world as that of the

Hermes of Praxiteles. It is the first time that

we have become possessed of a first-rate Greek original by

one of the greatest of sculp-

tors. Hitherto almost all

the statues in our museums
have beeu either late copies

of Greek works of art, or

else the mere decorative

sculpture of temples and

tombs, which was by the

ancients themselves hut

little regarded. But we can

venture without misgiving

to submit the new Hermes
to the strictest examination,

sure that in every line and

touch we have the work of

a great artist. This is more
than we can say of any of

the literary remains of an-

tiquity— poem, play, or

oration. Hermes is repre-

sented by the sculptor (Fig.

34) in the act of carrying

the young child Dionysus

to the nymphs who were

charged with his rearing.

On the journey he pauses and amuses himself by holdir^
^

out to the child-god a bunch of grapes, and watching hia

eagerness to grasp them. To the modern eye the child is

Fig. 34.—Henries of Pra^riteles,

restored. Olymjpia, m. 53.
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not a success

;
only the latest art of Greece is at home in

dealing with children. But the Hermes, strong without
excessive muscular development, and graceful without
leanness, is a model of physical formation, and his face

expresses the perfection of health, natural endowment, and
|

sweet nature. The statue can scarcely be called a work of
'

religious art in the modern or Christian sense of the word
loligious, but from the Greek point ot view it is religious,

as embodying the result of the harmonious development of

all human faculties and life in accordance with nature.

The discovery of the Hermes has naturally set archaeo-

logists searching in the museums of Europe for other
works which may from their likeness to it in various
respects be set down as Praxitelean in character. In the
case of many of the great sculptors of Greece—Gresilas,

Silanion, Calamis, and others—it is of little use to search
for copies of their works, since we have little really trust-

woi'thy evidence on which to base our inquiries. But in

the case of Praxiteles we really stand on a safe level.

Xaturally it is impossible in th^e ])ages to give any sketch

of the results, some almost cert^, some very doubtful, of

the researches of archaeologists in quest of Praxitelean

v orks. But we may mention a few works which have
been claimed by good judges as coining from the master
himself. Prof. Brunn claimed as work of Praxiteles a
torso of a satyr in the Louvre, in scheme identical with
the well-known satyr of the Capitol. Prof. Furtwiingler

puts in the same category a delicately beautiful head of

Aphrodite at Petworth. And his translator, Mrs Strong,

regards, with greater probability, the Aberdeen head of a
young man in the British Museum as the actual work of

Praxiteles, Certainly this last head does not suffer when
placed beside the Olympian head of Hermes. At Man-
tinea has been found a basis whereon stood a group of

Latona and her two children, Apollo and Artemis, made
by Praxiteles. This base bears reliefs representing the

musical contest of ApoUo and Marsyas, -with the Muses
as spectators, reliefs very pleasing in style, and quite

in the manner of Attic artists of the 4th century.

But of course we must not ascribe them to the hand of

Praxiteles himself • great sculptors did not themselves

execute the reliefs which adorned temples and other monu-
ments, but reserved them for their pupils. Yet the grace-

ful figures of the Muses of Mantinea suggest how much
was due to Praxiteles in determining the tone and character

of Athenian art in relief in the 4th century. Exactly the

same style which marks them belongs also to a mass of

sepulchral monuments at Athens, and such works as the

Sidonian sarcophagus of the Mourning Women, to be
presently mentioned.

Excavation on the site of the temple of Athena Alea at

Tegea has resulted in the recovery of works of the school

SCO as
Scopas. Pausanias tells us that Scopas was

the architect of the temple, and so important in

the case of a Greek temple is the sculptural decoration,

that we can scarcely doubt that the sculpture of the

temple at Tegea was under the supervision of Scopas,

especially as he was more noted as a sculptor than as an
architect. In the pediments of the temple were repre-

sented two scenes from mythology, the hunting of the

Calydonian boar and the combat between AcHlles and
Telephus. To one or other of these scenes belong two
heads of local marble discovered on the spot, which are

very striking from their extraordinary life and animation.

Unfortunately both are so much injured that they can

scarcely be niade intelligible except by the help of restor-

ation
; we therefore engrave one of them, the helmeted

head, as restored by a German sculptor (Fig. 35). The
strong bony hame of this head, and its depth from front

to back, are not less noteworthy than the parted lips and
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deeply set and strongly shaded eye • the latter features
im]:)art to the head a vividnesh of expression such as we
have found in no previous work of Greek art, but vliich
sets the key to the developments of art wliich take place
in the Hellenistic age. The head of the Calydonian boar,

A^hich was found at the same time, is a curious ^ork ; the
sculptor has transferred to the representation of a boar too
much of his special style, and made it but little like an
actual wild beast. Until thece heads wore found, Scopas
was knovrn to us, setting aside literary records, only as one
of the sculptors who had voiked at the ]\[ausoleum. But
it has now become possible to detect his style in many
extant statues, such as the Meleager of the Vatican and
the Hercules of the Lansdowne Gallery. It is also by
no means unlikely that Scopas may have had a share in the
carving of those sculptured pillars from the 4th-century
temple of Artemis at Ephesus vith which the s^iade of
Mr Wood enriched the British Museum.

Fig. 35.—Head of wamoi, rebtoied ; Tegea.

The interesting precinct of jEsculapius at Epidaurus
has furnished us with specimens of the style of an

Athenian contemporary of Scopas, -srho w^orked ximotbeas,
with him on the Mausoleum. An inscription Bryaxis,

which records the sums spent on the temple of teochares,

the Physician-god, informs us that the models

for the sculptures of the pediments, and one set of acro-

teria or roof adornments, were the work of Timotheus-

Of the pedimental figures and the acroteria considerable

fragments have been recovered, and we may with con-

fidence assume that the models for these at all events were

by Timotheus. It is strange that the unsatisfactory

arrangement whereby a noted sculptor makes models and

some local w^orkman the figures enlarged from those

models, should have been tolerated by so artistic a people

as the Greeks. The subjects of the pediments appear to

have been the common ones of battles between Greek and

Amazon and between Lapith and Centaur. We possess

fragments of some of the Amazon figures, one of which is

here engraved (Fig. 36) striking downw’urds at an enemy.

Their attitudes are vigorous and alert; but the work

shows no delicacy of detail. Figures of Nereids riding

on horses, which were found on the same site, may very

probably b© roof ornaments (acroteria) of the temple.

We have also several figures of Victory, which probably

ware acroteria on some smaller temple, perhaps that of

Artemis. A base found at Athens, sculptured with figures
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of ttorsemen in relief, bears the name of Bryaxis, and was
probably made by a pupil of his. Piobable conjecture

assigns to Leochares the originals copied in the Gany-
medes of the Vatican, borne aloft by an eagle, and the

noble statue of Alexander the Great at Munich. Thus
we may fairly say that we are now acquainted with the

Fig. 36 —Amazon from Bpidauxus.

work of all the great sculptors who worked on the
Mausoleum—Scopas, Bryaxis, Leochares, and Timotheus;
and are in a far more advantageous position than were
the archaeologists of 1880 for determining the artistic

problems connected with that noblest of ancient tombs.
As regards the plan and architecture of the Mauso-
leum, contributions have been made by Mr Oldfield

{Archoeologia, 1895-97), and Dr Adler (Das Mauso
leuTTi)*^ but no generally accepted conclusion has been
reached. Another great 4:th-century artist, Damophon of
Messene, is now known to us from Hs actual works. He

set up in the shrine of

the Mistress (Despcena)

at Lycosura in Arcadia
a great group of figures

consisting of Despcena,

Demeter, Artemis, and
the Titan Anytus. Three
colossal heads found on
the spot probably be-

long to the three last-

mentioned deities. We
engrave the head of

Anytus, with wild dis-

ordered hair and tur-

bulent expression (Fig.

37). Dr Ddrpfeld has
argued, on architectural

grounds, that shrine and
images alike must be
given to a later time
than the 4th century;
and in consequence some
archaeologists are of

opinion that Damophon
must have worked in

tke^ Boman age, or at all events in Hellenistic times.
It is difficult to accept this view, because Damophon is

spoken of by Pausanias as author of a statue of the City of
Thebeia, and of many works in the cities established in
PeloponnoBus at the time of the Theban hegemony early

Fia 37,—HeaU of Anytus : Lycosura.

in the 4th century. We prefer to retain Damophon
as a sculptor of the 4th century, and even find no great
difficulty in reconciling the style of his works with*^that
date.

This may be the most appropriate place for mentionino^
the remarkable find made at Sidon in 1886 of a number
of sarcophagi, which once doubtless contained
the remains of kings of Sidon. They are now
in the museum of Constantinople, and are
admirably published by Hamdy Bey and T. Eeinach
(Une necTopole royale h Sidon, 1892-96). The sarco-
phagi in date cover a considerable period. The earlier are
made on Egyptian models, the covers shaped roughly m
the form of a human body or mummy. The later, how-
ever, are Greek in form, and are clearly the woik of
skilled Greek sculptors, who seem to have been employed
by the grandees of Phoenicia in the adornment of their last

resting-places. Four of these sarcophagi in particular
claim attention, and in fact present us with examples of
Greek art of the 5th and 4th centuries in several of its

aspects. To the 5th century belong the tomb of the
Satrap, the reliefs of which bring before us the activities

aud glories of some unknown king, and the Lycian sarco-

phagus, so called from its form, 'which resembles that of
tombs found in Lycia, and which is also adorned with
reliefs which have reference to the past deeds of the heio
buried in the tomb, though these deeds are represented,

not in the Oriental manner directly, but in the Greek
manner, clad in mythological forms. To the 4th century
belong two other sarcophagi. One of these is called the

Tomb of the Mourn-
ingWomen. On all

sides of it alike are

ranged a series of

beautiful female
figures, separated by
Ionic pillars, each in

a somewhat different

attitude, though all

attitudes denoting
grief (Fig. 38;. The
pediments at the

ends of the cover are

also closely con-

nected with the

mourning for the

loss of a friend and
protector, which is

the theme of the
whole decoration of

the sarcophagus. We see depicted in them the telling of the

news of the death, with the results in the mournful attitude

of the seated figures. The mourning women must be taken,

not as the representation of any persons in particular, but

generally as the expression of the feeling of a city. Such
figures are familiar to us in the art of the second Attic

school ; we could easily find parallels to the sarcophagus

among the 4th-century sepulchral reliefs of Athens. We
can scarcely be mistaken in attributing the workmanship
of this beautiful sarcophagus to some sculptor trained in

the school of Praxiteles. And it is a conjecture full of

probability that it once contained the body of Strato,

king of Sidon, who ruled about 380 B.C., and who was

proxenos or public friend of the Athenians.

More celebrated is the astonishing tomb called that of

Alexander, though there can be no doubt that, although it

commemorates the victories and exploits of Alexander, it

was made not to hold his remains, but those of some ruler

of Sidon who was high in his favour. Among all the

monuments of antiquity which have come down to u^

Fig. 88—Tomb of moTirmng women: Sidon,

Hamdy et Beinacb, NScropoU a Sidon, PI 7.
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none is more admirable tban tliis, and none more cbarac- have been specially impressed with the colouring, whereof
teristic of the Greek genius, ^Ye represent, in two lines, of course our eugra\ing gives no hint, but which is applied

the composition which adorned one of the sides of this sarco- to the w’hole surface of the relief with ec|ual skill and
phagus. It represents a victory of Alexander, probably

|

delicacy. There are other features in the relief on which
that of Issus (Fig. 39). On the left we see the Macedonian a Greek eye •would have d^velt with special pleasuie—the

king charging the Persian horse, on the right his general exceedingly caieful symmetry of the whole, the balancing

Parmenio, and in the midst a younger officer, perhaps of figure against figure, the skill with which the result of

Cleitus. Mingled wuth the chiefs are foot-soldiers, Greek the battle is hinted rather than depicted. The composition

and Macedonian, with wffiom the Persians are mingled in is one in w’hich the most careful planning and the most
unequal fray. What most stiikes the modern eye is the jirecise calculation aie mingled with freedom of hand and
remarkable freshness and force of the action and the * expressiveness in detail. The faces m particular show
attitudes. Those, however, who have seen the oiiginais more expression than would be tolerated in art of the

Fig. 39 —-Battle of Issus : sarcophagus from Sidon. Hamdy et Reinach, Necjojpole a Stdon, PI. 30

previous century. We are unable as yet to assign an
author or even a school to the sculptor of this sarcophagus;

he comes to us as a new and striking phenomenon in

the history of ancient art. The reliefs which adorn the

other sides of the sarcophagus are almost equally interest-

ing. On one side we see Alexander again, in the company
of a Persian noble, hunting a lion. The short sides also

show us scenes of fighting and hunting. In fact it can

scarcely be doubted that if we had but a clue to the

interpretation of the reliefs, they would be found to

embody historic events of the end of the 4th century.

There are but a few other works of art, such as the

Bayeux tapestry and the Column of Trajan, which bring

contemporary history so vividly before our eyes. The
battles with the Persians represented in some of the

sculpture of the Parthenon and the temple of Nike at

Athens are treated conventionally and with no attempt at

realism; hut here the ideal and the actual are blended

into a work of consummate art, which is at the same time,

to those who can read the language of Greek art, a historic

record. The portraits of Alexander the Great which

appear on this sarcophagus are almost contemporary, and
the most authentic likenesses of him which we possess.

The great Macedonian exercised so strong an influence on

contemporary art, that a multitude of heads of the age,

both of gods and men, and even the portraits of his

successors, show traces of his type. All the extant

portraits of the king are put together, in a pamphlet by
Dr. Koepp.

Period K After B.c. 320.

Our knowledge of the art of the age succeeding

Alexander the Great, the age now commonly by historians

called the Hellenistic, has received a great

accession since 1875 through the systematic

labours directed by the German Archmological

Institute, which have resulted in recovering the remains of

Pergamon, the fortress-city which was the capital of the

dynasty of the Philetseri. Among the ancient buildings of

Pergamon none was more ambitious in scale and striking

in execution than the great altar used for sacrifice to

Zeus, a monument supposed to be referred to in the

phrase of the Apocalypse where Satan’s throne is,”” This

altar, like many great sacrificial altars of later Greece, was a

vast erection to which one mounted by many steps, and its

outside was adorned with a frieze wHch represented on a

gigantic scale, in the style of the 2nd century b.c., the

battle between the Gk>ds and the Giants. This enormous

S. I. — 74
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frieze is now one of tlie treasures of the Hoyal Museums of made by Greek artists for wealthy Roman amateurs. The
Berlin, and it cannot fail to impress visitors by the size of extensive excavations and alterations which have
the figures, the energy of the action, and the strong vein taken place at Rome in recent years have been

of sentiment which pervades the whole, giving it a certain very fruitful in this way
; the results may be found

air of modernity, though the subject is strange to the partly in the palace of the Conservator! on the Capitol,

Christian world. In early Greek art the Giants where partly in the new museum of the Terme. Among recently

they oppose the Gods are represented as men armed in full found statues none excel

panoply, “ in shining armour, holding long spears in their in interest some bronzes

hands,’' to use the phrase in which Hesiod describes them, of large size dating from

But in the Perganiene frieze the Giants are strange the Hellenistic age. We
compounds, having the heads and bodies of wild and fierce engrave (Rig. 41) the

barbarians, sometimes also human legs, but sometimes in figure of a seated boxer,

the place of legs two long serpents, the heads of which take in scale somewhat ex-

with the Giants themselves a share in the battle. Some- ceeding life. Attitude

times also they are winged. The Gods appear in the and gesture are expres-

forms w^hich had been gradually made for them in the sive. Evidently the

course of Greek history, Mt they are usually accompanied boxer has fought
by the animals sacred already, and is awaiting

to them in cnltns, be- a further conflict. His

tween which and the face is cut and swollen
j

serpent - feet of the on Ms hands are the ter-

Giants a weird combat rible csestus, here made
goes on. We can con- of leather, and not loaded

jecture the source with iron, like the csestus

whence the Pergamene described by Yirgil. The
artist derived the figure is of astounding

shaggy hair, the fierce force; but though the

expression, the huge face is brutal and the

muscles of his Giants expression savage, in the

(Fig. 40); probably sweep of the limbs there

these features came is nobility, even ideal

originally from the beauty. To the last the Greek artist could not set aside

Galatians, who at the his admiration for physical perfection. Another bronze

time had settled in Asia filgure of more than life-size is that of a Idng of the Hel-

Minor, and were spread- lenistic age standing leaning on a spear. He is absolutely

ing the terror of their nude, like the athletes of Polycleitus. Another large

name and the report of bronze presents us with a Hellenistic type of Dionysus,

their savage devasta- Sculpture of the Roman age has not in recent years

tions through all Asia been discovered to the same extent. We have gained

Pio.40._o»nt from great altar: Pergamon.
The victo^ rather by a closer and more eimct study of monuments

over the Giants clearly already known than from the discovery of fresh monu-
stands for the victory of Greek civilization over Gallic bar- ments. The columns of Trajan and of Antoninus have

barism
;
and this meaning is made more emphatic because been re-published in a series of excellent photograpliic

the Gods axe obviously inferior in physical force to their plates. Many provincial monuments, such as the Roman
opponents, indeed, a large proportion of the divine com- tomb at S. Remy, the arch of Beneventum, the monument
batants are goddesses. Yet everywhere the Giants are of Adam Klissi, have been more carefully published,

overthrown, writMng in pain on the ground^ or transfixed Many additions have been made to our already vast series

by the weapons of their opponents
;
everywhere the Gods of Roman portraits, and the gigantic publication of Arndt

are victorious, yet in the victory retain much of their divine on Greek and Roman portraits has for the first time put

calm. The piecing together of the frieze at Berlin has together the necessary materials for a more satisfactory

been a labour of many years, and is even yet incomplete, arrangement of portraits, as well as for their identification.

We still await a final and monumental publication of it. Unfortunately, at present the great mass of portraits, both

Some of the groups, however, have become familiar to Greek and Roman, have to be labelled “unknown person”

students from photographs, especially the group wMch In Italian and other museums it has been the custom to

represents Zens slaying his enemies with thunderbolts, and assign names to portraits for reasons wMch will not bear

the group wherein Athena seizes by the hair an overthrown investigation. Bernoulli’s J^omische Tkonographie is, how-

opponent, who is winged, while Victory runs to crown her, ever, a scientific work
;
a similar work by Bernoulli on

and beneath is seen Gaia, the earth-goddess who is the Greek iconography is now in course of publication : the

mother of the Giants, rising out of the ground, and book of Visconti is quite out of date and untrustworthy,

mourning over her vanquished and tortured children. The most important discovery at Pompeii, during the

Another and smaller frieze which also decorated the altar- last quarter of a century, has been that of the Domus
place gives us scenes from the history of Telephus, who Vettiorum, a house whereof the walls are adorned with

opposed the landing of the army of Agamemnon in Asia an unusually important series of paintings, partly scenes

Minor and was overthrown by Achilles. This frieze, from Greek mythology, partly scenes which give us

which is quite fragmentary, is put together by Dr glimpses of daily life. Among the former are Achilles in

Schneider in the Jahrhuck of the German Archaeological Seyros, the punishment of Dirce, the death of Pentheus,

Institute for 1900. Dcedalus and Pasiphae. Among the latter we especially

Since the Renascence Rome has continually produced a note the series of scenes in wMoh Cupids are represented

crop of “vrorks of Greek art of all periods, partly originals as engaged in various kinds of manufactute and commerce,

"hronght from Greece by conquering generals, partly copies a Hellenistic fashion of introducing the actual in a manner
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not too literal. Other paintings found at Eome range
^^TLtli or even excel those of Pompeii, notably the re-

markable wall-paintings representing artificial gardens
with shrubs and fiow^ers, which have been found at

Prima Porta.

The -whole subject of Homan art has been recently

discussed by Prof. Wickhoff of Vienna in an essay trans-

lated into English by Mrs. Strong. This miter claims

for the art of Italy and of Home greater independence and
more importance than had been conceded to it by other

writers. He regards the art of the x^ugustan age as the

last efflorescence of the Greek creative genius, which at

that time had passed by a reaction against the strained

and theatrical tendencies of the Pergamene school to a
somewfflat dry and insipid naturalism, a style of which the

portraits of Augustus, the reliefs of theJ^ra Pacis at Home,
and some of the paintings of Pompeii are good examples.

Against the jejuneness of this art the national spirit of

Italy, which had for long been expressed in a series of

portraits, lifelike if somewhat coarse, revolted towards the

end of the 1st century. The result is to be observed in

the portraits of the Flavian age, which are far more vivid

than those of the Caesars, as well as in the remarkable
reliefs of the arch of Titus and the column of Trajan. In
this national Eoman art, Prof. Wickhofi: does not hesi-

tate to see illusionism, as opposed to the typical art of

Greece, and the naturalism of the early empire. Its chief

features are the attempt to produce a vivid and individ-

ual effect, often worked by very simple means, and the

continuous method of representation of events, a method
according to which successive scenes of a transaction foUow
<»ne another without any separation, and the actors appear
again and again in the same relief. Thus Trajan appears

eighty-five times over in the continuous scroll of relief

which adorns his column
;
and on Eoman sarcophagi the

successive scenes of a mythical tale follow one another

without division. It was, according to Prof. Wick-
hoff, from illusionist Eoman art that the earliest Chris-

tian art took its origin; hence its effects lasted far

on into the Middle Ages. It is evidently impossible

in this place to criticize these novel views ; their im-

portance lies in the fact that they are perhaps the

first attempt to set forth the course of Eoman art as

a valuable development rather than as a mere process

of degeneration
;

but most readers will think that

Dr Wickhoff overvalues Eoman, and undervalues Greek
art. (p. a.)

Archai1£^eL See Abkhakgelsk:.
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Archbaidy a borough of Lackawanna county, Penn-
sylvania, U.S.x\., in the anthracite coal region in the north-
eastern part of tlie state, on several raihvays. Population

(1890), 4032; (1900), 5396.

Arches, Court of the-—The court of the
x\rches is the court of appeal of the archbishop of Canter-
bury as metropolitan of the province of Canterbury from
all the consistory and commissary courts in the province,

and its decisions are in most cases appealable to the judicial

committee of the Privy Council. (See Enci/. Ent, vol. ii.

p. 378.) The judge (known as the dean of the Arches)
was until 1874 appointed by the archbishop of Canter-
bury by patent -which, when confirmed by the dean and
chapter of Canterbury, conferred the office for the life

of the holder. He took the oaths of office required
by the 127th canon. But by the Public Worship Eegu
lation Act, 1874 (37 and 38 Yict. c. 85), the tw^o arch-

bishops w^ere empow^ered, subject to the approval of the
sovereign by sign-manual, from time to time to appoint a
judge ior the purpose of exercising jurisdiction under
that Act, and it was enacted (sec, 7) that on a vacancy
occurring in the office of dean of the Arches, the judge so

to be appointed should become ex cr^cio dean of the

Arches. In this way the late Lord Penzance became
dean on the retirement of fc)ir Eobert Phillimore in

1875. Lord Penzance received in 1878 a supplemental
patent as dean from Archbishop Tait, but did not
otherwise fulfil the conditions observed on the appoint-

ment of his predecessors. On Lord Penzance's retire-

ment in 1899, his successor, 8ir Arthur Charles, was
appointed dean by patent from the archbishop of Canter-

bury, and he took the oaths of office according to the

practice before the Public Worship Eegulation Act. He
was subsequently and separately appointed judge under
that Act.

Under the Clergy Discipline Act, 1892 (55 and 56 Tict c. 82,

sec. 4) an appeal lies fiom the judgment of a consistory court
under that Act, in respect of fact by leave of the appellate court,

and in respect of law without leave, to either the court of the
Arches or the judicial committee of the Privy Ckjuncil at the
option of the appellant. Under the Benefices Act, 1893 (61 and
62 Yict. c. 48, sec. 3 (4)), the official principal of the archbishop
is re(juired to institute a presentee to a benefice if the tribunal
constituted under that Act decides that there is no valid ground
for refusing institution and the bishop of the diocese not-

withstanding fails to institute him, Por many yeais past

there has been but little business in the court ot Arches. On
the rare occasions when a sitting of the court is necessary,

it is held in the library of Lambeth Palace, or at the Church
House. (l. t. D.)

ARCHITECTURE.

I. Modern.

Both in England and in the United States, the last

quarter of the 19th century was a period of unusual

interest and activity in architectural development. While
other nations have been content to carry on their archi-

tecture, for the most part, on the old scholastic Hnes
which had been prevalent since the Eenaissance, in the

two countries named there has been manifest a spirit of

unrest, of critical inquiry into the basis and objects of

architecture; an aspiration to make new and original

creations in or applications of the art, without example
in any other period in the modern history of architecture.

In England, the “note^'—^heard with increasing shrillness

of crescendo towards the very last year of the century

—

has been the cry for originality, for thro-wing off the

trammels of the past, for rendering architecture more
truly a direct expression of the conditions of practical

requirement and of structure. This was no doubt to

some extent the effect of a reaction. During the greater

part of the century architectural strength had been

spent in revivals of past styles. First came the Greek
revival, of which the best result was St George's Hall

at Liverpool, and the worst the forfoation of the tower

of St Pancras Church in London by piling three Greek
temples or shrines one upon another. Then followed

the Gothic revival, which gained an immense impetus

from the fact that it coincided with the spiritual and
ecclesiological revival of the English church—and indeed

it is rather difficult to apportion cause and effect between
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tte spiritual and the architectural revival. At all events,

donee templa refecimus was the motto of the day. The
land was covered with modern mediaeval churches, and
with Gothic town halls and residences j and the business

of restoring cathedrals was carried to an extent which

deprived some of them of most of their value, and which

an after generation has had to regret when regret was
unavailing.

It was in 1869, just before the period we are here

dealing with, that the great competition for the London
Law Courts took place; and Street’s building,

completed a few years afterwards, was the last

great national btaLding erected in the revived Gothic style;

as was observed shortly after its completion, it was “ the

grave of modern Gothic architecture,” at least as regarded

important secular buildings. Churches indeed, up to the

close of the century, continued to be built, for the most
part, in revived Gothic; but this was owing to special

clerical influence, which saw in Gothic a style specially

consecrated to church architecture, and would be satisfied,

as a rule, with nothing else. Efforts have been made
by architects to modify the mediaeval church plan into

something more practically suited to modern congrega-

tional worship, by a system of reducing the side aisles to

mere narrow passages for access to the seats, thus retain-

ing the architectural effect of the arcade, while keeping

it out of the way of the seated congregation ; and there

have been occasional reversions to the ancient Christian

basilica type of plan, or sometimes, as in the church in

Davies Street, London, attempts to treat a church in a
manner entirely independent of architectural precedent;

but in the main. Gothic has continued to rule for

churches. Apart from this special class of building,

however, revived Gothic began to droop during the

“’seventies. All had been copied that could be copied,

and the result, to the architectural mind, was not satis-

faction but satiety. Gothic began to be regarded as
“ played out.” The immediate result, however, was not an
organized attempt to think for ourselves, and make our
own style, but a recourse to another class of precedent,

represented in the type of early 18th-century build-

^
ing which became known as “Queen Anne,”
and which, like Gothic before it, was now to

be recommended as “essentially English,” as
in fact it is. It can hardly, however, be called an
architectural style; it would have no right to figure in

and in plain materials, in many cases shorn of its
columnar

^

features, and reflecting faithfully enough the
prim rationalistic taste in literature and art of the
England of the 18th century. Though not to be dignified
as a stylcy it was, however, a recognizable and consistent
manner in building; it made extensive use of brick, a
material inexpensive and at the same time very well
suited to the English climate and atmosphere; and it
was generally carried out in very solid proportions, and
with very good workmanship. To a generation tired of
imitating a great style at second hand, this unpretendino-
and simple model was a welcome relief, and led to the
erection of a considerable number of modern bui]din^»‘s

dwelling-houses especially, the obvious aim of which wa^
to look as like 18th-century buildings as possible. A
typical example is the large London house by Mr Norman
Shaw, at the corner of Queen’s Gate and Imperial Institute
Road. The Chelsea Vestry Hall (Fig. 1), by Mr. Brydon,
is a good example of a public building in the revived
Queen Anne style.

A^ change of front from copying a great style like the
mediaeval, to copying what is at best a bastard one,

if a style at all, might not seem to promise very much
for the emancipation of modern architecture; yet there
turned out to be one element of progress in it, resting
on the fact that the comparatively simple detail of the
18th-century buildings formed a kind of vernacular of
building workmanship, which could be comprehended and
carried out by good artisans as a recognized tradition.

Now, to reduce architecture to good sound building and
good workmanship seemed to promise at any rate a better

basis to work upon than the mere imitation of classic or
mediaeval detail; it might conceivably furnish a new
starting-point. This was the element of life in the Queen
Anne revival, and it had, as we shall see, an influence

beyond the circle of the special revivers of the style.

But almost concurrently with, or following hard upon,
the “ Queen Anne ” movement arose the idea of a modern
architecture, founded on a free and unfettered treatment
of the materials of our earlier Renaissance architecture,

as illustrated in buildings of the Stuart period. This
new ideal was styled “free classic,” and it gave
the prevailing tone to English architecture for

the last fifteen years of the century, though it

had its commencement in certain characteristic buildings

a good many years earlier than that. In 1873, for

Fig. l.--C3heTsea Vestty Han-«lxainple of Modem « Queen Anne.” (X M. JBrydon,)

ajiy -work illustrating the great architectural styles of the style, i

world It was, in fact, the last dying phase of the -
-
^

Englishf Eenaissance
; the arohi^ture of the classic order aftewm

ledoced to a threadbare condition, treated very simply originate

instance, there arose a comparatively small

front in Leadenhall Street, under the name
of “New Zealand Chambers” (Fig. 2), and

designed by Mr Norman Shaw, E.A, which

excited more attention, and had more influ-

ence on contemporary architecture than many
a building of far greater size and importance.

This represented the playful and picturesque

h
possibilities of “free classic.” Its more re-

strained and refined achievements were early

exemplified in Mr Bodley’s design for the

front of the London School Board Ofl^ces on

the Thames Embankment ;
^ a comparatively

small building which also exercised a con-

siderable influence. There were no detafls

here, however, but what could be found in

Stuart (or, as it is more often called, Jaco-

bean) architecture, but the building, and the

^ prominence of its architect’s name, helped to

^ draw attention to the possibilities of the

style, and it has been discovered that free classic is

1 The western lialf of the present front ; tlie design was duplicated

afterwards, on the extension of the building, but Mr Bodley

originated it.
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susceptible of a great deal of original treatment based
on Henaissance elements. As an example, 'v^e may cite

a street front built some twenty years later by another
academician-architect

;
viz., the offices of the Chaitered

Accountants in the City, by Mr J. Belcher, A.E.A. More
dignified and more monumental than New Zealand
Chambers, more original than the School Board Offices,

this front contains some details and a geneial treatment
which may be said to be absolutely new

;
it affords

another example of a piece of street architecture which
attracted a great deal of attention, and has had an effect

quite disproportionate to its size and importance as a
building

; and it gives a general measure of the progress

of the “ free classic ” idea. During the last decade of the

century “free classic” has been almost the recognized

style in English architecture, and has been illustrated in

many town halls and other large and important build-

ings, among which the Imperial Institute is a prominent

example.

Concurrently with this tendency towards a free classic

style there has arisen another movement which has had
a considerable influence already on English arohi-

^
tecture, and which will probably have a further in-

fluence in the future, viz., an increased perception

of the importance of decorative arts—sculpture, painting,

mosaic, <fec.—^in alliance with architecture, and of the archi-
tect and the decorative artist working together and in
harmony. Thib is no more than what has long been under-
stood and acted on in France, but it has been a new' light to
modern English ar chitectme, in wffiich, until a comparath ely
recent period, decoiatue painting was hardly thought of,

and decorathe sculpture, where it was introduced, was too
often, or indeed generally, the mere work of some tiading
firm of masons. But of late years sculpture has taken
a far more prominent place m connexion with archi-
tecture; it has become a habit with the best architects

to rely largely on the introduction of ajipro-

priate and symbolic sculpture to add to the
mterest of their buildings, and to associate
with them eminent sculptors, who, instead
of regarding theii work only in the light of
isolated statues oi gioups for the exhibition
room and the art gallery, are willing to gi%e
their best efforts to produce high-class
sculpture for the decoration of an archi-

tectural design wffiich foims the fiamework
to it.

Notice should be taken, however, of
another movement in English architectiiie

during the closing years of the
19th century. Beference has
already been made to one idea

^

which prompted the culture of

the “ Queen Anne ” type of architectuie :

that it presented a simple vernacular of con-

struction and detail, in which solid W'ork-

manship was a more prominent element
than elaboration of wffiat is known as archi-

tectural style. To a small grouj) of clever

and enthusiastic architects of the younger
generation it appeared that this idea of

reducing architecture to the common-sense
of construction might be carried still

further; that as all the revivals of styles

since the Eenaissance had failed to give

permanent satisfaction and had tended to

reduce architecture to a learned imitation

of the \Yovk of foimer epochs, the leal

chance for giving life to architecture as a
modern art w’as to throw' aside all the con-

ventionally accepted insignia of architec-

tural style— columns, pilasters, cornices,

buttresses, <fcc.—and to begin over again
with merew'orkmanship—^wall-building and
carpentry— and trust that in process of

time a new decorative detail would he
evolved, indebted to no precedent. The
building artisans, in fact, w'ere collectively

to take the place of the architect, and the

form of the building to be evolved by a
natural process of grow'th. This was a

favourite idea also with "VYilliam Morris, wffio insisted

that mediaeval art—the only art wffiich he recognized as of

any value (Greek, Eoman, and Eenaissance being alike

contemptible in his eyes)—was essentially an art of the

people, and that in fact it was the modem architects who
stood in the w'ay of our having a genuine architecture of

the 19th century. Considering how much of merely formal,

conventional, and soulless architecture has been pio-

duced in our time under the guidance of the professional

architect, it is impossible to deny that there is an element

of truth in this reasoning
;
at all events, that there have

been a good many modem architects who have don© more

harm than good to architecture. But when we come to

follow out this reasoning to its logical results, it is

Pig. 2.—-Hew Zealand Chambers. Norman Shaw, R.A,)
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obvious that there are serious flaws in it. Morris’s idea

that mediseval architecture alone was worthy the name,

we may, of course, dismiss at once
;

it was the prejudice

of a man of genius whose sympathies, both in matters

social and artistic, were narrow. ISTor can we regard

the mediseval cathedrals as artisan’s architecture. The
name of “architect” may have been unknown, but

that the personage was present in some guise, the very

individuality and variety of our English cathedrals attest.

Peterborough front was no mere mason’s conception.

And when we come to consider modern conditions of

building, it is perfectly obvious that with the complicated
practical requirements of modern building, in regard to

planning, heating, ventilation, &c., the planning of the
whole in a complete set of drawings, before the building

is begun, is an absolute necessity. We are no
longer in mediaeval times

j
modem conditions require

the modern architect. The real cause of failure, as far

as modem architecture is a failure, lies partly in the
fact that it is practised too much as a profession or

business, too little as an art; partly in the deadening

effect of public indifference to art in Britain. If the
public really desired great and impressive works of
architecture they would have them; but neither the
British public, nor its mouthpiece the Government, care
anything about it. Their highest ambition is to get
convenient and economical buildings. And as to the
theory of the new school, that we should throw over-
board all precedent in architectural detail, that is

intellectually impossible. We are not made so that we
can invent everything de novo, or escape the effect on
our minds of what has preceded us ; the attempt can
only lead to baldness or eccentricity. Every great style

of architecture of the past has, in fact, been evolved from
the detail of preceding styles; and some of the ablest
and most earnest architects of the present day are
indeed,

^

urging the desirability of clinging to traditional
forms in regard to detail, as a means of maintainino- the
continuity of the art. This does not by any means imply
the absence of original architecture; there is scope for
endless origination in the plan and the general design of
a building. The Westminster Houses of Parliament (one
of the greatest buildings of modern times), is a prominent

example. The detail is a reproduction of
Tudor detail, forced upon the architect by
order of the Government; the plan and
the general conception are absolutely
original, and resemble those of no other
pre-existing building in the world.

It is necessary to take account of all
these movements of opinion and principle
in English architecture to ap-
preciate properly its position

and prospects at the time with
statlt

which we are here dealing.
^

Turning now from England to the United
States, which, as already observed, is the
only other important country in which
there has been a general new movement
in architecture, we find, singular to say,

that the course of development has in

America been almost the reverse of what
has taken place in England. The rapidity

of architectural development in America,
it may be observed, during the last

quarter of a century, has been something
astonishing; there is no parallel to it anywhere else.

Some thirty years ago, or even less, the currently accepted

architecture of the .^erican Eepublic was little more than
a bad repetition of the English Gothic and Classic types

of revived architecture. At the present day no nation,

except perhaps France, takes so keen an interest in archi-

tecture and produces so many noteworthy buildings
; and

it may be observed that in the States the public and the

official authorities seem really to have some enthusiasm on
the subject, and to desire fine buildings. But the stirring

of the dry bones began in America where it ended in

England. The first symptoms of an

original spirit operating in American

architecture showed themselves in domestic

architecture, in town and country houses,

the latter especially ; and the form which

the movement took was a desire to escape

conventional architectural detail and to

return to the simplest form of mere build-

ing

;

rock-faced masonry, sometimes of

materials picked up on the site; chimneys

which were plain shafts of masonry or

brickwork; woodwork simply hewn and

squared
;
but the whole arranged with a

view to picturesque effect (Figs. 3 and 4).

This form of American house became an incident in the

course of modern architecture ; it even had a recognizable

influence on English architects. About the same time an

impetus of a more special nature was given to American

architecture by a man of genius, the late H. H. Bichardson,

who, falling back on Eomanesqne and Byzantine types of

architecture as a somewhat unworfced field, evolved from

them a type of architectural treatment so distinctly his

own (though its origines were of course quite traceable) that

he came very near the credit of having personally invented

a style
; at all events he invented a manner, which was so

largely admired and imitated that for some ten or fifteen

Fia. 3 —American Type of Coxintry-hoiise Arcliitecture.

Pig. 4.—American Seaside Villa. (JBntce Price.)
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years American arcMtecture sliowed a distinct tendency to

become Tdcliardsonesque ” (Fig. 5, see Plate). As with
all architectural fashions, how^ever, people got tired of this,

and the influence of another very able American architect,

the late E. Morris Hunt, w’ho had received his educa-

Fio. 7.—American Modern High Building (American Surety Co.,

Kew York).

tion at the &ole des Beaux-Arts of Prance, coupled

perhaps with the proverbial philo-Gallic tendencies of the

modern American, led to the American architects, during

the last decade of the century, throwing themselves almost

entirely into the arms, as it were, of Prance ;
seeking their

education as far as possible in Paris, and adopting the

theory and practice of the !]£cole des Beaux-Arts so com-

pletely that it is often impossible to distinguish their

designs, and e\en their methods of diawing, from those of

French architects brought up in the st lietest regime of the
^^Ecole.” By this French mo\ement the Americans have,

on the one hand, shared the <idvantages and the influence

of what is undoubtedly the most conqdete school of archi-

tectinal training in the w^orld
;
but, on the other hand,

they ha\e foregone the opportunity which miglit ha^e
been afforded them of de’v eloping a school or stylo of

their own, influenced by the cinumistances of their owm
requirements, climate, and materials. Fig. 6 (see Plate)

shows an example of recent Ameiiean aichitectuie of

the European classic ty[je. Thus, in the two countries

w'hieh during the last quarter of a c(‘iitury ha\e showm the
most activity and restlessness in their ar( liitectural aspira-

tions, and given the most original thought to the subjr^ct,

England has constantly tended towards thiowing off‘ the

yoke of jirecedent and escaping from the limits of a schol-

astic style
;

W’hile America, commencing her era of archi-

tectural emancipation with an attempt at first piinciples

and simple but picturesque building, has ended by a
pretty general adoption of the highly-develo])ed scholastic

system of another country. The contrast is certainly a
curious one. Only one original contribution to the art

has been made by America in recent days—one arising

directly out of practical conditions, viz., the ‘‘ high
buildings

”
in cities

;
a form of architecture which may be

said to be due directly to the fact that New York is built

on a peninsula, and extension of the city is only possible

vertically and not horizontally. The tower-like buildings,

served internally by lifts, to w’hich this condition of things

has given rise (Fig. 7), form a really new contribution

to architecture, and have been handled »by some of the

American architects in a very effective manner
;
though, un-

fortunately, the rage for rapid building in the cities of

the States has led to the adoption of a system of running
up such structures in the form of a steel framing, cased with
a mere skin of masonry or terra cotta for appearance’ sake,

which in reality depends for its stability on the steel

framing. This is not only a false system of architectural

design, but may probably prove to be a dangerous form of

building. It must be admitted, how’ever, to be a new
contribution to architecture, and renders New York, as

seen from the harbour, a “ towered city ” in a sense not

realized by the poet.

Some sketch of the state of architectural thought or

endeavour in England seemed essential to the subject,

since it is there that what may be called the philosophy of

architecture has been most debated, and that thought has

had the most obvious and most direct effect on architectural

style and movement. That this has been the case has no
doubt been largely due to the influence of Euskin, who,

though his architectural judgment was on many points

faulty and absurd in the extreme, had at any rate the

effect of setting people thinking—not without result. In

other countries architecture continued to pursue, up to

the close of the century, the scholastic ideal impressed

I

upon it by the Eenaissance, without exciting doubt or

! controversy unless in a very occasional and partial manner,

and without any changes save those minor ones arising

from changing habits of execution and use of material-

In Germany there appears to be a certain tendency to a
greater freedom in the use of the materials of classic

architecture, a certain relaxation of the bonds of scholasti-

cism ; but it has hardly assumed such proportions as to be

ranked as a new movement in architecture.

Turning from the critical to the historical aspect of the

subject, we find that in England the chief activity has

been in public buildings and in street architecture. As
already observed, church architecture has for the most



592 A E, C H I T

part followed, under clerical influence, the old lines of the

mediseval revival; and there have been comparatively

fewer churches built than in the middle portion
British

century, nor has the general interest in

Ibnrfbel'
architecture been of late by any naeans

what it was during the earlier revival, the

enthusiasm of which has in fact to a great extent burned

itself out. There are, however, some incidents worth special

notice. The building of a new cathedral is an event

which stands alone in modern England. It is true that

Truro Cathedral, designed by the late Mr Pearson, E.A., is

not completed, but it has been carried further towards

E 0 T U R E
completion than was first hoped, and is perhaps the most
remarkable and most successful example, in a scholastic

sense, of revived Gothic, being internally almost (if one may
say so) more mediaeval than a mediaeval cathedral itself, as
far as detail is concerned, though not without original

features, and externally showing the distinct impress of

its architect’s special feeling. One may regret that a great

modern cathedral should not have been planned and de-

signed on more modern lines
; but it is a study in Gothic

which speaks the thorough capacity and knowledge of

its architect, and which no other country could have pro-

I duced. Some of Mr Pearson’s parish churches, as those of

Fig. 8.--Interior, St Clare’s, Liverpool. {Leomrd Stokes.)

Red Lion Sf^uare and Kilburn, London, are among the
best and most striking modern buildings of their type.

The addition of new naves to two mediaeval churches—^that

of Bristol, by Street, that of St Saviour’s, Southwark, by
Blomfield, is an interesting achievement, and in these cases
the use of revived Gothic was quite justified, for reasons
of architectural consistency. In opposition to such work
may be mentioned the curious and characteristic incident
of the delivery of St Albans Abbey (now St Albans
Cathedral), one of the most interesting and most valuable
of the ancient mediaeval monuments of the country, into
the hands of a wealthy lawyer with a taste for playing
the architect, the fact of his providing the funds being
apparently accepted by public opinion as a quite sufficient

reason for allowing hini to do what he liked with a build-

ing which is a national possession. There is probably no

other civilized country in which such a proceeding would

be possible. * Among other events connected with the

mnch-vexed question of restoration may be mentioned

the repairing of the north transept of Westminster Abbey

by Mr Pearson
;
in this case an excusable proceeding, as

the archaeological as weU as architectural value of the

facade had already been entirely destroyed by bad restora-^

tion earlier in the century, and Mr Pearson merely sub-

stituted good modern Gothic for bad. The taking down

and rebuilding of the upper portion of the front of Peter-

borough Cathedral, rendered absolutely necessary on

account of its structural condition, will be long remem-



architecture 593
bered on account of tbe opposition raised against it bv
archeologists, who were unable, or did not choose, to

understand the practical necessity of the case. The last
years of the 19th century witnessed the progress to an

Eig, 9.—Exterior, ilodera English Church. (Jtmcs Brooks.)

Eto. 11.—Staircase, Imperial Institnte. CCcUmU.'^

advanced sta^ge of the most remarkable piece of English
church architecture of the period, the Roman Catholic
Cathedral at Westminster, by Mr Bentley; a building

which is not a Gothic revival, but goes back to earlier

(Bjjsantine) precedents; not, however, without a consider-

able dement of novelty and origixwdity in the design.

S. L— 75
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In ordinary cliurcli arcMtecture, thougli there is still a

good deal of mere imitation mediaeval work carried out,

we have not been without examples of a new and original

application of Gothic materials. The

interior of the church of St Clare, Liver-

pool, by Mr Leonard Stokes (Fig. 8), is a

good example of the modified treatment

of the three -aisled mediaeval plan already

referred to, the side aisles being reduced

to passages ; and also of the tendency in

recent years to simplify the treatment of

Gothic, in contrast to the florid and over-

carved churches of the Gothic revival.

The churches of Mr Brooks have shown
many examples of a solid plain treat-

ment of Gothic, yet with a great deal of

character (Fig. 9); and the late J. D.

Sedding built some showing great origin-

ality; among which the interior of his

church of the Holy Redeemer, Clerken-

well, aiibrds also an interesting example

of the modern free treatment of forms

derived from classic architecture.

In the architecture of public buildings BoysinTRAMcc

one of the earliest incidents in the period

was the completion of the Albert Hall,

which, though the work of an engineer, and

with a solid masonry dome, instead of a huge dish-cover
of glass and iron, there would have been little to find
fault with in its general conception. It was also the

Pig. 15,

—

Sheffield Toivn Hall. (Kcmni/ord.)

commonplace in detdl, is in the main a fine and novel
architectural conception, and a practical success (consider-
ing its ahnormsl size) as a building for musical perform-
ances. Had its constructor been bold enough to roof it

Fig. 12.~Plaii of a Master’s House, New Christ’s HospitaL (JVebh and Bulk)

first modern English
building of importance

to be decorated

erternally with

symbolical
figure composition, in the

shape of the large frieze

in a coarse mosaic of
‘ terra cotta, which is

carried round the upper

portion of the exterior.

Connected with this,

both historically and in

architectural grouping,

is the Albert Memorial,

the work of Scott, in-

tended as a “ shrine ” on

a great scale, which both

for originalityand beauty

claims more credit than

it has generally received.

Its worst fault is that

the angle piers are not

adequate for the thrust

of the arches, which are

secured by concealed iron

ties. Here again wo had

an early (modern) ex-

ample of the sculptor

working in harmony
with the architect ;

and

though there has been a

great advance in English sculpture during the last quarter

of the century, much of that on the Albert Memorial still

commands admiration
;

the colossal central figure, entirely

out of scale with the rest, being unfortunately the weakest
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portion of tlie work. Tlie subject of tbe Government
Offices in London forms in itself an important chapter in

recent architectural history. The Home and Foreign

Office block was finished in 1874 ;
a sumptuous, but weak

and ill-planned building designed by Scott, invitd Minervd,

in a style alien to his own predilections. In 1884 took

place the great competition for the War and Admiralty

Offices conjointly^ won by a commonplace but admirably

drawn design, presenting some good points in planning.

The building was to stand between Whitehall and St
James’s Park, with a front both ways. The competition
came to nothing, and the successful architects -were event-

ually employed to build the new Admiralty as it now
stands, a mean and coniinonplace building

wdth no street frontage, in which economy
was the main consideration, and totally dis-

creditable to the greatest naval power in the

world. In 1898-99 it was at last resolved

to build aWar Office and other Government
Offices much needed, and an irregular site

opposite the Horse Guards was selected

for the War Office and one in Great
George Street for the others. In this

case there was no competition, but the

Government selected two architects after

inquiry as to their w^orks (“classic” archi-

tecture being a sine qud non); Mr Young
for the War Office, and Mr Brydon for the

Great George Street block. The War
Office site is inadequate and totally un-

symmetrical, the boundary of the building

being settled by the boundary of the

street curb, and the inner courtyards wIU
be of very mean proportions compared
with the great courtyard of the Home and
Foreign Office. Both architects have pro-

duced grandiose designs, but in regard to

the War Office at least the Government
have thrown away a great opportunity.

Unfortunately, throwing away great op-

portunities has been the history of

the Government buildings ever since the

Houses of Parliament, a really fine build-

ing, was completed.

There can only be further enumerated a
few of the more important buildings carried

out in England during the later years of the

19th century, and mention made of the

general course which architecture has taken

in regard to special classes of buildings.

The Natural History hluseum (Fig. 10, see

Plate), completed in 1881 by Mr Alfred

Waterhouse, may stand as a type of the

taste for the employment of terra cotta,

with all its dangerous facilities in orna-

mental detail, which that architect speci-

ally set the examxile of. Detail is certainly

overdone here, but the building is strik-

ingly original; a point not to be over-

looked in these days of architectural copy-

ing. The Imperial Institute, the result of

a competition among six selected archi-

tects, represents also a type of architecture

which its architect, Mr Collcutt, may be

said to have matured for himself, and
which has been extensively imitated

;
a re-

fined variety of free classic, always quiet

and delicate in detail, though perhaps

rather wanting in architectonic force (Fig*

11), The next great architectural com-

petition was that for the completion of

the South Kensington Museum, the bare

brick exterior of which, waiting for archi-

tectural completion, had long been a

national disgrace. The competition produced some fine

and striking designs, some of them perhaps more so than

the selected one by Mr Aston Webb, whose fine plan, how-

ever, justified the selection. Another competition which

excited general interest was that in 1894, for the rebuild-
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ing on a countiy site of Cliiist’s Hospital Schools, also

gamed by Mr Webb (in collaboration 'VMth Mr Ingress

Bell), by a design which, in its airangement of schoolhouses

in detached blocks (Fig 12), but in a symmetrical group-

ings opened up a new idea in public school planning, and

struck a blow at the picturesque but insanitary quadrangle

system. Among notable public buildings of the period

ought to be mentioned Mr Norman Shawls New Scotland

Yaid, built in a style neither classic nor Gothic, but par-

taking of the elements of both (Figs. 13 and 14, see

Plate), a work which has perhaps been a little over-praised,

just as it has been very superficially condemned, but

which is a remarkable example of no\el and picturesque

design, though most of the details, taken separately, are

imitative

In recent years theie has been a great movement or

building town halls
,
towns rather vying with each other

in this way. Of late nearly all of these have been carried

Fio 19 —City Bank, Lndgate Hill (CdUcutt )

out in some variety of free classic. Among the more im-
portant m point of scale is that of Sheffield, by Mr Mount-
ford (Fig. 15) ; among smaller ones, those of Oxford, by
Mr Hare (Fig. 16), and Colchester, by Mr Belcher, are

particularly good examples of recent architecture of this

class, the former distinguished alsoby an exceptionally good
plan. The merit of excellent planning also belongs to

Messrs Aston Webb and Ingress BeE*s Birmingham Law
Courts, one of the modem terra-cotta buUdings of some-
what too florid detail, though picturesque as a whole.
Among public halls the M^wan HaE at Edinburgh,
completed in 1898 from the designs of Lr Bowand
Anderson, deserves mention as one of tihb most original

and most carefully designed of recent buildings in

Great Britain.

The various new buildings erected in connexion with

the University of Oxford, those by Mr T. G. Jackson

especially, form an important incident in modern Engl^h

architecture. Mr Jackson has succeeded to a remarkable

degree in designing new buildings which are in harmony

with the old architecture of the university city; some-

times perhaps a little too imitative of it, but at any rate

he has the credit of having added rather extemiyely to

Oxford without spoEing it
;
while his school buildings in

different parts of the country have a refinement and

domesticity of feeling which is the true note of school
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arcliitecture Among building'? of an educational class, I of tHe building One recent hospital, ho\^e\ei, thit at

the mo^e in technical education has led to the erection of
|
Biimingham, by Mi Henman, combines aichitectiual eftcct

with the latest h;ygienic impio'vementfa, and is the tii>t huge
hospital in Great Biitam in which the sj stem of mechanical

\entilation has been completely and consistent!} carried out

In theatre building there has been an immense improve-

ment in regaid to iihnmng, ventilation, and fiie pioof con-

struction, but little to note in an architectural sense, since

theatres inEngland are ne\ erdesigned b} eminent architects,

the financial and practical aspects being alone considered

In domestic aichxtectuie the tendency has been to quit

picturesque iiregularityfor a inoie formal and moie dignified

treatment Such a house as "Mi Norman Shaw’s Crag-

side,” built in the oarhei pait of our period (Fig IS), how-
e\ei its pictuiesqiie treatment ma} still be admiied, would
hardly be bmlt now on a large scale

,
its architect himselt

has ot late years shown a prefeience for a S3nnmetiical and
regulai treatment of house aichitecture, sometimes to the

evtent of making the mansion look too like a bariack

In street architecture, however, the tendency has been
towards a more characteristic and more picturesque trcxt

ment, nor is theie any class of building in which the

improvement m English architecture during the last

quarter of a'^ century has been moic marked and
moie unquestionable Many of the new residentul

streets in the west end of London present a really

picturesque msemhle^ and many shops and other

commercial street buildings have been erected with

admirable fronts from the designs of some of the best

architects of the day Mr Norman Shaw’s building at

the cornel of St James’s Street and Pall Mall was one
of the first, and is still one of the best examples ot

modern street architecture As later examples may be
cited Mr Collcutt’s City Bank in Ludgate Hill (Fig 19),

and Mr R Blomfield’s narrow house front in Buckingham
Gate (Pig 20) The introduction of sculpture in street

fronts IS also beginning to receive attention, and a
simple house-front recently erected in a London stieet,

from the design of Mr Beresford Pite (Fig 21, see

Plate), is an excellent example of the use of sculpture

m connexion with ordinary street architecture It is

significant of the increased attention accorded to street

architecture, that the most important architectural event

m England at the very close of the 19th centuiy, was
Fig 20 -House, Biickmgiiam Gate. (B Birn.jum

j
outlay of £2000 by the London County Council, in

a good many large polytechnic and similar

institutions, which in many cases have

been well treated architecturally
;

the

Northampton Institute at Clerkenwell

(Fig 17), by Mr Mountford, being per-

haps one of the boldest and most effect-

ive of recent public buildings In the

building of hospitals and asylums much
has been done, and great progress made
m the direction of hygienic and practi-

cal planning and construction, but the

tendency has been (perhaps rightly) to-

wards making this practical efficiency

the main consideration, and reducing

architectural treatment to the simplest

character. The well-known St Thomas’s

Hospital, at Lambeth, exemplifies the

treatment of hospital architecture at the

commencement of our period ,
the separ- ^

ate pavilion system had been already **

.dopted o. p»ot^ tat

budding IS treated in a sumptuous archl- i>ecretaiy. H, Prefect; ^Commitfcee Eqonis, L, Public Works, M, Corridor, President

tectaaf style, as if representing so many of Council ; O. L-tery;*?, BsfWahment Boom
^ ^ ,

detached mansions; a treatment which would now be
j

fees to eight architects for designs for the front oi a

deprecated as an expenditure foreign to the main purpose
j
proposed new street.

:6r; C, Salons de
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Turning to the Continent, we find in Trance, still the lead- portant events in connexion with architecture, for even

ing artistic nation of the world, that the art of architecture the temporary buildings erected for them showed an
has been in a most flourishing and most active state during amount of architectural interest and originality which
the last quarter of a century. It is true that

there is not the same variety as in
^

ranee,
j^odern English architecture, nor

have there been the same discussions and
experiments in regard to the true aim and
course of architecture which have excited

so much interest in England
;
because the

French architects, unlike the English, know
exactly what they want. They have a
“school” of architecture; they adhere to

the scholastic or academic theory of archi-

tecture as an art founded on the study of

classic models
;
and on this basis their archi-

tects receive the most thorough training of

any in the world. This predominance of the

academic theory deprives their architecture,

no doubt, of a good deal of the element of

variety and picturesqueness j a French archi-

tect jpwr sanff, in fact, never attempts the pic-

turesque, unless in a country residence, and
then the results are such that one wishes the

attempt had not been made. But, on the

other hand, modern French architecture at

its best has a dignity and a style about it

which no other nation at present reaches, and
which goes far to atone for a certain degree of

sameness and repetition in its motives; and
living under a Government which recognizes

the importance of national architecture, and
is willing to spend public money liberally

on it (with tie full approbation of its

to. 25.—Bcolo de MMecitto, Parisk ((ximin,)

public), the F3:ench architects have opportunities which
Englm ones but seldom enjoy—the predominant aim

a British Government being to see how little they
can spend on a public building. The two great Paris
exhibitions of 1889 and 1900 may be regarded as im-

PiG. 23.—Salle des Cariatides, Hotel de Ville, Paris.

could be met with nowhere else,

and which in each case left its

mark behind it, though with a

difference
;
for while in the 1889

exhibition the main object was to

treat temporary structures—iron

andconcreteand terra cotta—in an

undisguised but artistic manner,

in those of the 1900 exhibition

the effort was to create an archi-

tectural coup (.VcbU of apparently

monumental structures of which

the actual construction was dis-

guised. In spite of some eccentri-

I
cities, the amount of invention

and originality shown in these

temporary buildings was most re-

markable; but fortunately the

exhibition left something more

permanent behind it in the shape

of the two Art-palaces and the

new bridge over the Seine. The

twopalacesaretriumphsof modern

classic architecture; the larger one

(by MM. Thomas, Louvet, and Deglane) is to some extent

spoiled by the apparently unavoidable glass roof; the

smaller one, by M. Girault, escapes this drawback, and,

stiU more refined than its greater opposite, is one of the

most beautiful buildings of modem times; while the
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architectural pylons, with their accompanying sculpture,

which hank the entries to the bridge, are worthy of the

in progress for many years, from the designs of

the late M. Abadie, and in the year 1900 was still

unhnished. In church architecture gener-

ally France has not shone very much
during the latter part of the century*

all her finest modern classic churches

date from before the war. Among smaller

French buildings of peculiar merit may
be mentioned the Musee Galliera, in the

Trocadero quarter of Paris, designed by
M. Ginain—a work of pure art in archi-

tecture such as we should nowadays look
for in vain out of France

;
the Ecole de

Medeciiie, by the same refined architect

(Fig. 25); and the cha])el in Hue Jean
Goujon (Guilbert), erected as a memorial
to the victims of the bazaar fire, again a

notable instance of a work of pure thought
in architecture—a new conception out of

i old materials. The new Opera Oominue~

Fig. 26.—Opera Comique, Paris. (Bernier,)

best period of French Eenaissance. Thus
much, at least, has the 1900 exhibition

done for architecture.

At the beginning of onr period stands

one of the most important of modern
French buildings, the Paris HOtel de

Yille, commenced shortly after the war,

from the designs of MM. Ballu and
Deperthes, planned on an immense scale,

and on the stateliest and most monu-
mental lines (Figs. 22, 23). The central

block is, externally, a restoration of the

old Hfitel de Ville, the remainder carried

out in an analogous but somewhat more
modern style. The interior has been
the scene of sumiDtuous pictorial decora-

tion, in which all the first artists of the

day were employed—unfortunately in too

scattered a manner, and on no pre-

dominant or consistent scheme. During
the period one of the most characteristic

architectural efforts of the French has

consisted in the erection of the various

smaller H6tels-de-ville or Mairies, in the

city and suburban districts of the capital;

as at Pantin, Lilas, Suresnes, and in vari-

ous arrondissements within the city proper

(Fig. 24, see Plate). Nothing shows the

quality of modern French architecture

better, or perhaps more favourably, than
this series of district town halls

;
aU

have a distinctly municipal character and a
certain family resemblance of style amid
their diversity of details; all are refined

specimens of pre-eminently civilized archi-

tecture, Among the greater architectural

efforts of France during the last decade

or two are the immense block of the
^

new Sorbonne, by M. Nenot, a building

sufficient in itself for an architecture

reputation; and the great church of the

Sacr^ Ooeur, overlooHng Paris from the hill of Mont-
martre, an erection of such monumental massiveness

as we never see in modem England, which was

at the time. Street architecture has been
can-ied out of late in Paris in a sumptu-
ous style (Fig. 27), with great stone fronts

Pio. 27.—Example of Paris Street AjcHtoctuxe.

and a profusion of carved ornament, such as we know
nothing of in England; and thou^ there is a rather

monotonous repetition of the same style and character
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th-rouglioiLt the new or newly-built streets^ it is impos-

sible to deny the effect of palatial dignity they impart

to the city. In the matter of country houses the French

architect is less fortunate ;
when he attempts what he

regards as the rural picturesque, his good taste seems

entirely to desert him, and the maison de campagne (Fig.

28) is generally a mere riot of gimcrack.

The great military success of Germany in 1870, and

the founding of the German empire, gave, as is usual in

E 0 T U R E
such crises, a decided impetus to public architecture, of
which the central and most important visible sign is

the German Houses of Parliament, by Professor
Wallot, whose design was selected in a com-
petition. There is something essentially German in the
quality of this national building; classic architecture
minus its refinement. The detail is coarse

;
the finish of

the end pavilions of the principal front absolutely un-
meaning—^mere architectural rodomontade; the central

Fia. 29 Interior, Houses of Parliament, Berlin. (WdUot.)

cnj^la of glass and iron, on a square plan, probably the
ugliest central feature on any great building in Europe

;

and yet there is undeniable power about the whole thing

;

it is the characteristic product of a conquering nation not
reticent in its triumph. The interior of the vestibule is

shown in Fig. 29. The new cathedral at Berlin, by
Professor Raschdorff, is the other most important German
work of the period (Fig. 30) ; a building very striking
and unusual in plan, but absolutely commonplace in its

architectural detail
;
school classic of the most ordinary

type, without even any of those elements of originality

which are to be found in the Houses of Parliament.
^

A
curious feature in the plan (Fig. 31) is that the building,

alone of any cathedral we can recall, has its pmcipal

general entrance at the side, the end entrance being re-

served for a special imperial cortege on special occasions,

the cathedral also serving the second purpose of an

imperial mausoleum. Theatre building has been carried

on very largely in Germany, and among its productions

the Lessing Theatre at Berlin (Fig. 32) (von der Hude

and Hennicke) is a favourable example of German classic

at its best, besides being, like most modem German
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theatres, very well planned (Fig. 33). Hamburg has had
its new municipal buildings (Herr Grotjan), a horid
Benaissance building with a central tower, showing in its

general effect and grouping a good deal of Gothic feeling.

JMention may also be made of the new Law Courts at
Leipzig (Herr Hoffmann), a building with no more charm

Fig. 2S.—French. “ Maison de Campagne ” (mild type.)

.about it, externally, than the Berlin Parliament Houses,

but with some good interior effects (Fig. 34), The new
Post Offices in Germany have been an important under-

taking, and are, at all events, buildings of more mark
than those in England. There has also been a great deal

of new development in street architecture, which shows an
immense variety, and a constantly evident determination

to do something striking ; but we find in it neither the

dignity of Parisian street architecture nor the refinement

of modem London work
;

there is an element of the

bombastic about it.

No modern building on the European continent is more
remarkable than the Brussels Law Courts, built in the

early years of our period, from the desi^s of

countries. Poelaert, an original genius in

architecture, who had the good fortune to be
appreciated and given a free hand by his Government.
The design is based on classic architecture, but with a
treatment so completely individual as to remove it almost

entirely from the category of imitative or revival architec-

ture
;
somewhat fantastic it may be, but as an original

architectural creation it stands almost alone among
modern public buildings. In Vienna the scholastic classic

style has been retained with much more purity and refine-

ment than in the German capital (Fig. 35, see Plate).

Budapest, on the other hand, which has almost sprung

into existence since 1875 as the rival of the Austrian

capital, has erected a great Parliament building of florid
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character (Fig. 36, see Plate), in a style in w'liich the
Gothic element is prevalent, though the central feature is

a dome. Tlie plan (Fig. 37, see Plate) is obviously based
on that of the Westminster building - the exterifvr design,

however, has the merit oi clearly indicating the position of

the two Chambers as part of the architectural design, the

want of which is the one serious defect of Barry^s noble

structure. In Italy mr»deni architecture is at a very low
el>b ; the one great work which conies within our period
has been the building of the fa<;ade to the Duomo at

Florence, from the design of the late De Fabris, who did
not live to see its coinpleth»n. As the comidetion in

modern times of a building of world-wide fame, it is a
work of considerable interest, and, on the whole, not
unworthy of its position

;
that it slioidd harmonize quite

satisfactorily with the ancient structure was hardly to be
expected. It was probalffy the completion of this facade
which led the city of Milan to start a great architectural

(•f»mp.etit:on, a few years since, for the erection of a new
facade tn iis celebrated catliedral, not because the facade

had never been completed, but because it had been
spoiled and patched with bad ISth-century work. The
ambition vras a legitimate one, and the competition, open
to all the world, excited the greatest interest

;
but the

young Italian architect, Brentano, to whom the first

premium was awarded, died shortly afterwards, and other

causes, partly financial, led to the postponement of the

Fig. 34~Interior of Leipzig Irftw Courts.

scheme, though it is understood that there is still an
intention of carrying out Brentano^s design -under

the direction of the official architectural department of

the city,

AuTHOBiTtES.—The literature of architecture as a inodein art is

limited, the most important pnblicatious of recent times being

mainly devoted to the study and illustration of ancient architeetmn.

The following, however, may be named:

—

James Feuous.sox.

History of Modem Architecture (2nd edition). London, John
Murray, 1873.—^T. G. Jackson. Modern Mkic Architecture,

London, H. S. King, 1873.—J. T. Micklethwaite. Modern
Parish Churches, London, 1874.—E. E. Kobson, School Archi’

tedure. London, John Murray, 1874.—J. J. Stevenson. House

S. L— 76
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The pyramid of Medum, already mentioned, was built by

Sneferu, the first king of the fourth dynasty, c. 3998-3969

B.C. j
and on the east side Professor Petrie discovered a

small temple attached to it, consisting of two chambers

roofed over in stone with two steles and an altar between on

the roof. Traces of other temples have since been found on

the east side of the Great Pyramids ;
and from the temjde

of the second pyramid a causeway led down to the granite

temple, known as the temple of the Sphinx (Fig. 3), the

earliest temple known, and, according to Professor Petrie,

built by Khafra after the completion of his pyramid. The

temple, though now buried, was originally a free-standing

building on the plain at the foot of the hill. The tablet

referring to the restoration of the Sphinx by Khufu is now
recognized as a forgery of the twentieth dynasty. No
mention is made of the Sphinx on any monument of the old

kingdom, and Professor Petrie places its date between the

sixth and the tenth dynasties.

Of the famous Labyrinth built by Amenemhat III.

c. 2622-2578 b.c., nothing remains but the site, about
1000 X 800 feet—the masses of buildings described by
Lepsius are, according to Professor Petrie, the brick houses
of a Homan village built on the site. The Hawara pyramid
nn the north side was erected by the same king. It was
built in crude brick and coated with a fine limestone casino-

like the other pyramids; its dimensions are about 334 feet

wide and 197 feet high. In the interior of this pyramid
Professor Petrie discovered a pointed arch 3 feet in de^^th

and composed of three rings of bricks, which was employed
to take off the weight of the upper part of the pyramid from
the roof of the tomb chamber. The Pyramid of Illahun
built by Usertasen 11., c. 2684-2660 b.c., to the south-east

of, and situated about a mile from the Labyrinth, was
XDartly composed of solid rock about 40 feet high, isolated

by the cutting away of the rock round it. The upper
]Dortion consisted of cross walls of stone, fitted in with crude

Pyramul of IChfifm Sphinx. Pyramid ofKlmfn.

Pio. S.—Temple of the Sphinx.

brick and cased afterwards with limestone. It was near
this pyramid that Professor Petrie discovered the town of

Kahun, erected to house the overseers and workmen who
built the pyramid, and deserted by them on its completion.

The walls were aU of crude brick, and where the rooms
exceeded 8 or 9 feet in width columns of wood or stone
were employed to assist in carrying the roof. The lower
portion of a column fluted like those at Benihassan was
found on its stone base.

The pyramidal form given to the stone pylons of

temples is now generally acknowledged to have
heen derived from the material in which the earlier examples
were built, viz., crude brick, the raking sides arising from the
fact that these crude brick walls are always, for reasons
already given, much thicker at the bottom. Even at the
present day the pigeon-houses built on the roof of the
modern Egyptian dwelling-houses take the same shape, and
in the distance are often mistaken for temples.

During 1894 and following years excavations have been
carried out under the direction of Mr Naville at Deir-el-
Bahri, the splendid temple built by Queen Hat’shepsut

1516-1503 B.O., and by the removal of the superincumbent

earth a great portion of the temple foundations have

been exposed. In that part buried by the falling in

of the rock above at the north-east end, the hypostyle hall

and colonnade are almost perfect. Since the plan was

measured by Professor Brune in 1866 and published^ by

Mariette, with some incorrect alterations, the principal

architectural discovery has been that of the great altar in

the north-east court, the only complete example found

in Egypt, its preservation being due to the falling in of

the rock above. Professor Brune’s restorations made in

1866-67, and published by Mariette, give an excellent idea

of the aspect of this remarkable temple, which was biiilt on

a series of terraces
; except that the later discoveries have

shown the north-east corner to have been diiferent in plan

from the north-west comer.

In 1891-92 Professor Petrie excavated and uncovered the

remains of the Palace of Khu-en-aten (Amen-hotep IV.)

1383-1365 B.O., who not only made changes in the religious

worship of the country, but in the decoration of his palace

departed from the conventional art of the period, and intro-
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duced a reform therein. In the pavement and frescoes of

the walls the subjects are selected from out-of-door life, and
birds, insects, and water-plants are depicted with marvellous

fidelity to nature. The temple of Luxor has also been

cleared out under Mr Maspero, so that those portions of

the plan which were covered over and hidden by modern
buildings are now exposed.

Persian,

Mr Marcel Dieulafoy's excavations at Susa in 1884-86

have confirmed those made by Sir Kenneth Loftus in 1850

as regards the three great porticoes and the Apadana, or

Hall of Columns of the Palace of Artaxerxes Mnemon. The
walls enclosing the hall and flanking the porticoes, as con-

jectured by Pergusson, no longer existed, being probably

built in unburnt brick
;
but the discovery of fragments of

the pavement inside the hall and in the rear of the north

and west porticoes, which stopped on the lines where

the walls (16 feet thick) should have been found, is a

sufficiently clear proof of their existence. The fourth or

south side of the Apadana opened on to a court, and

facing the hall, on the right and left of the court, were two
walls, which were decorated with the famous

frieze of archers now in the Louvre. The
wall had apparently fallen down on its face,

and thus preserved more or less intact this

frieze, which was executed in enamel in

bright colours on beton blocks. Farther

to the south Mr Dieulafoy found the grand

staircase leading to the palace similar to

the well-known example at Persepolis,

except that the walls were here decorated

with enamelled beton blocks. At Pe^-

sepolis in 1891 Mr Weld Blundell ascer-

tained, firstly, that the drain which was
supposed to run under the site of what in

Fergusson’s restoration should be a wall

was carried between the wall and the first

row of columns
;

secondly, that two of the

vertical stone rain-water pipes rose above

the pavement of the terrace, proving that

they were brought down inside the wall

from the roof above the Hall of Columns

;

and, thirdly, that the three porticoes were

flanked by towers, the foundations of which were traced

below the hard lime crust which had been mistaken for

the solid rock, thus confirming Fergusson’s restoration.

Greek.

Although the excavations made byDrSchliemann inTroy,

Mycense, and Tiryns have in the main an archaeological

rather than an architectural value, the discoverj of the

plan of the Palace of Tiryns has enabled Dr Dorpfeld to

trace the origin of many of the characteristic features of

Greek architecture. The propylaea or entrance gateways

were of the same plan as that subsequently developed into

the Hexastyle porticoes of the Propylsea at Athens and
other sacred enclosures. In the megaron or men’s hall of

the palace, with its Portico-in-antis and vestibule, Dr
Dorpfeld recognizes the model of the ceUa of the Greek
Doric Temple. The researches revealed that the primitive

construction consisted of a foundation wall about 3 feet

in height, built in rubble masonry laid in clay mortar, and
of such thickness,as to suggest that the upper part of the

walls was built in crude or unburnt brick. In order to

protect the face of the antae of* the Portico-in-antis, and in

conjunction with the two columns of the portico, to carry

the architrave, vertical posts or planks of wood were em-

ployed, secured by wooden dowels to a stone base. The
two columns of the Portico-in-rantis were in timber, their

trace being shown on the stone bases still in situ^ which
were raised two inches above the pavement, a precaution

taken to protect the base of a wooden column. This,

timber construction was afterwards copied in stone, and is.

the origin, according to Dr Dorpfeld, of the slightly pro-

jecting antse employed afterwards decoratively in all Greek
temples. Further evidence of the correctness of this-

theory has been found in the temple of Hera at Olympia,
which was excavated by the German Government in
1875-85. Here the lower part of the walls was in masonry
of small dimensions carrying a superstructure in crude
brick, and the antae were protected and strengthened by
vertical posts of timber, traces of which were found on the
stylobate or upper step. Here also, as in Tiryns, the
doorposts of the entrance doorway were in timber. In
the Heraion, however, that which at Tiryns constituted

the megaron had become the cella of the temple, and a
further development had taken place by the surrounding
of the same with a peristyle of columns to protect the ex-

ternal wall of the cella, and probably its stucco face and
painted decoration. The variety of profile shown iu
the stone capitals found on the site, and the fact that

Fig. 4.—Tlie Theatre of Epidaunis.

Pausanias mentions his having seen a wooden column in

the opisthodomus, have led to the conclusion that origin-

ally all the columns of this temple were in wood, being
replaced gradually by copies in stone. Their wide inter-

columniation proves also that the entablature was in wood,
and the discovery of some of the terra-cotta tiles and
antefixse shows that the wooden roof was covered with tiles.

The probable date of the foundation of the temple is

placed by Dr Dorpfeld in the 11th cent. b.c.
;
four centuries,

therefore, before the earliest stone temples known, viz.,

those of Apollo and of Zeus at Syracuse.

The excavations at Olympia have laid bare the whole
site of the Altis or sacred enclosure, and some of the

structures of later date round the same. It may be

pointed out that the preservation and recovery of the

famous statue of Hermes by Praxiteles is due to its having
been thrown down by, and buried in, the clay of the crude

brick walls of the cella; when that happened no one

knows, but it is strange that so ephemeral a material as

unburnt brick should, if our dates are correct, have been*

preserved for thirteen or fourteen centuries. The re-

searches of Blouet and other explorers in the earlier part

of the 19th century had made known to us the plan of

the JCemple of Zeus, which was Hexastyle Doric with

thirteen columns in the flanks, and of the usual type, with

pronaos, epinaos, and cella. The entire clearance of all the-
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superincxunbent earth has, however, revealed many other

features in the plan, which bear out Pausanias’ description.

First, within the entrance to the cella were staircases lead-

ing to the galleries, “ through which there is an approach

to the image.” On the pavement were seen the traces

of the barrier across the cella between the second column

on each side and of other barriers restricting the passage to

the side aisles. In front of the pedestal which carried the

famous chiyselephantme statue of Zeus, by Phidias, were

found the traces of the black stone paving wdth the raised

margin of Parian marble to hold the oil which, according

to Pausanias, was kept there to preserve the ivory, a pre-

caution rendered necessaiy by the dampness of the Altis.

The position of this sunk space filled with oil quite disposes

of the hypsethron, and there is no doubt that in this

temple the statue was lighted only through the open door.

In the Byzantine chuich, outside the Altis, have been

recognized the lower parts of the walls of the woik&hop of

Phidias, mentioned by Pausanias. It was of the same size

as the cella of the temple.

In order to carry out systematically the explorations

at Delphi, begun in 1891 by the French School at

Athens, it was found necessary to expropriate the inhabit-

ants of Kastri, a small village built on the sacred en-

closure, providing accommodation for them elsewhere.

This, combined with the labour involved in clearing away
the superincumbent earth and the debris of the village,

and conveying it some distance, necessarily delayed the
work. Here, as at Olympia, the writings of Pausanias
have been of the greatest value in the nomenclature of the
various buildings and monuments the foundations of which
were found on either side of the sacred way. This,
owing to the steepness of the hill, winds round at a gentle
slope from the entrance of the sacred enclosure at the
south-east, rising across the same to the west and returning
to the foot of the steep ascent leading to the raised terrace
on which the Temple of Apollo was built. The excava-
tions have exposed the whole of the peribolos or wall
surrounding the temenos or sacred enclosure, the founda-
tions of all the treasuries and votive monuments, and the
terrace wall; the latter, carrying the platform of the temple,
is one of the finest examples known of polygonal masonry.
Comparatively little was found of the architectural features
of the Temple of Apollo, but those of the several Treasuries
^e of importance in one case, that of the Siphnians allow-
ing of a more or less complete coryectural restoration.

The Siphnian treasury is supposed to date from the end
of the 6th cent. B.c.

;
in the magnificent carving of the

architectural ornament it may be said to rival that of the
Erechtheum. Although built in Parian marble, it was
richly decorated in colour, of which vivid traces still exist.

Among other finds were the remains of four caiyatid

figures of colossal size, each with a calathos or polos on
the head; these, according to Mr Homolle, seem to
have supported a tribune like the caryatid portico of the
Erechtheum, and probably served as the prototype of the
arrephoroi of that building. Further remains have been
found of the Sphinx of archaic character, and of the Ionic

capital of early date which carried it, sufficient now to

complete their restoration. The remains also of a tri-

angular votive column were found, triangular in the sense

that as it supported originally a tripod there were three

caryatid figures at the top carrying the same; and the

decorations of the column, with widely-projecting and
finely-carved acanthus leaves, are grouped in triplets,

which constitute the capital and base of the column.

These acanthus loaves are the earliest known, and are

certainly the most vigorous examples ever carved.

At Epidauius, where
excavations were system-

atically begun in 1881

by the Greek Archseo-

logical Society under Mr
Kavvadias, the sacred

temenos has been laid

bare, exposing the plans

of the stoa or colonnade

where the patients were

housed, of the temple of

Asclepius (singular in

having no epinaos), and
of the famous Tholos by
Polycleitus the Younger,

a circular building with

a peristyle of twenty-six

Doric columns round the

exterior, and a circle of

fourteen Corinthian
columns inside, the

capitals of these columns

in Parian marble being

of great beauty and

among the earliest Corinthian examples known. The

famous Theatre has also been cleared out, displaying a

circular orchestra and the foundations of a stage of late

date, which, from the remains found, seem to have been

12 feet high, with the front decorated with Ionic semi-

detached columns, all the capitals having angle volutes

(Fig. 4).

The researches made since 1885 on the Acropolis

of Athens have resulted in discoveries of more value

to the archaeologist than to the architect. The founda-

tions of the old Temple of Athene, destroyed hy Xerxes

in 479 B.C., have been found close to the Erechtheum,

and below the level of the same were discovered two

stone bases considered to have supported the wooden

pillars of the House of Erechtheus. In 1884-86 Mr F. C.

Penrose undertook for the Dilettanti Society a series of

investigations relative to the Olympieion or temple of Zeus

Olympios, which proved that the temple had eight

columns in front and rear, and not ten, as had been

thought, owing to a misreading of Vitruvius; that the

fifteen, columns which remain belong to the edifice

designed by Cossutius, the Roman architect, 174 b.c., and

that Hadrian’s share in the work was confined to the

completion of the structure, including the new columns in

riQ. 5 —Conjectural Restoration of the East Front of the Temple of Diana at Ephesus, hy Dr. Murray.
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the cella, the original examples having been carried away
by Sulla for the decoration of the Temple of the Capitol at

Rome. Mr Penrose airived at his conclusions from the

great beauty of the Corinthian capitals of the Peristyle,

many of which he thought were of a purer type than any
likely to have been carved during the reign of Augustus
when the work of completion of Cossutius’s temple was
again taken up, and still less likely to be of Hadrian’s time.

The main results of the late Mr Wood’s discovery of

the site and remains of the Temple of Diana at Ephesus
were made known as far back as 1876. Since then the

remains brought to England and placed in the British

Museum have attracted the attention of many archaeo-

logists, who have attempted to make restorations of the

plan embodying the chief features. Amongst these, by far

the most trustworthy and most important has been that

put forward by Dr Murray in a communication to the Royal
Institute of British Architects in 1895. The same paper

contains drawings representing a restoration of the carved

drum of one of the columns belonging to the archaic

temple, built 560 b.c., of which Croesus contributed most
of the cost. By a fortunate accident the lower part of

this drum is inscribed with his name. The fragments

found have been set up in the Museum, and are interest-

ing as shovtdng the first conception of a scheme of decor-

ation which exists in no other Greek temple. The Ionic

capital of this archaic temple was brought over by Mr
Wood, and the oblong form of its abacus is an additional

proof of the theory which is now held that the Ionic

capital was originally what is known as a bracket-capital,

copied from the oblong piece of timber placed on a pillar to

support the wooden architrave of a portico.

Returning to the later Temple described by Pliny, the

two most difficult problems were—(1) where to place the

square sculptured pedestals, and (2) how to dispose of the

thirty-six “columnse coelatse” spoken of by Pliny. Dr
Murray solves the problem by placing the square pedestals

(the cornices of which range with the raised platform on
which the temple was built), eight at the east and eight

at the west end, on a stylobate of four steps, which were
carried round the whole building. On these pedestals he
places sixteen of the “ columnse coelatae of the remaining

twenty he places eight at the east and eight at the west

end behind those raised on the square pedestals, resting

on the stylobate of the platform
;
and the remaining four

he places in antse to the pronaos and epinaos. The nine

steps required to reach the platform (there were thirteen in

all) Dr Murray puts between the first and second rows
of columns of the east and west porticoes (Fig. 5). In
determining the plan of the temple, he arranges a vestibule

beyond the pronaos, the west wall of which was found by
Mr Wood. Then follow the cella, with its double row of

columns inside to assist in carrying the roof, and behind
it the opisthodomus and the epinaos or posticum (Fig. 6).

The excavations made by the British School at Athens
in 1890-91 at Megalopolis have exposed the principal

portions of the theatre said by Pausanias to have been
the largest in Greece, and have enabled the explorers to

trace the plan of the Thersilion or Assembly Hall of the

10,000 Arcadians. The hall covered an area of 35,000
square feet, and is remarkable for its plan, inasmuch as the

columns which crowned its roof and which were on three

sides of the hall were placed so as to radiate towards the

tribune, and thus form the least possible obstruction to

the view from any portion of the hall. The bases of the

columns, which alone remained in proved also by
their levels that the fioor of the assembly haU sloped

towards the tribune. The intercolumniation of the columns
varied from 29 to 17 feet, which shows that they carried

wooden beams only. The columns were probably in stone,

but no remains of any capitals Were found. In front of the

hall was a portico of sixteen Doric columns, fourteen in

the front and one behind each of the angle columns.

The complete excavation of the temenos at Eleusis by
the Archaeological Society of Athens in 1883 has solved

the problem relative to the exact plan of the Hall of the

Mysteries. Three successive buildings have occupied the

site, and additions and restorations were made to the third

haU, designed about 420 b.c. by Ictinus, the architect of the

Parthenon. The foundations of the thiid hall show that

the building was 183 feet square, with forty-two columns

Fig 6 —Plan of the Temple of Diana at Ephesus.

ranged in seven rows of six each
;
round the walls were

rock-hewn steps for the spectators. The Doric portico of

fourteen columns, twelve in front and two behind the

angle columns, was added by Philon, the architect of the

Arsenal of the Piraeus, about 310 b.c. Ho architectural

remains of the hall were found. The temenos was entered

through two Propylaea, the outer one of which was hexastyle

and similar in plan to the Propylsea at Athens.

The sanctuary of the Temple of Apollo in the island

of Delos was explored by^ the Archaeological Society of

Athens in 1877-83, under the direction of Mr Homolle.

The whole site has been cleared, revealing, as at Olympia

and Delphi, the foundations of all the temples, treasuries,

and other votive monuments. Of the temple of Apollo

sufficient was found to enable a complete conjectural
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restoration of it. It was of the Doric order, but the

columns were not fluted.

In 1879-86 the German Government carried out excava-

tions at Pergamon in Asia Minor, under the direction of

Herr Humann, Although of comparatively late date, for

the principal monuments of the acropolis were only com-

menced by Eumenes IL, 191-159 b.c., the sculpture of the

great altar of Zeus, now in the Berlin Museum and repre-

senting the battle of the Gods and the Giants, is of

exceptional vigour and magnificence, and the splendour of

the series of temples raised on successive terraces seems

well to have merited the praise of Pliny, who calls it

“ the most celebrated town in Asia.” The principal monu-

ment, of which the remains were found, was that of the

great altar of Zeus, which was raised on a platform 93 x 90

feet, and 20 feet high, round which at a height of 8 feet

from the level of the terrace was carried the great frieze of

the “gigantomachia,” 7 feet high. A wide flight of steps

led up to the altar, which was surrounded by an Ionic

peristyle open on the front and three sides
;
on the walls

of the court enclosing the altar was a smaller frieze. On
a terrace beyond were the remains of the Doric temple of

Athene Polias, with a portions round two sides of the

court, and beyond, the famous Library and the Temple of

Eome and Augustus. In the side of the hill was the

Theatre, with the great Terrace, terminated at the north end

by a beautiful Ionic temple.

Roman,

The immense difference between the levels of ancient and
modern Eome, in some cases amounting to from 65 to 70
feet, and the extensive area of the archaeological stratum

j

(at least 9 square miles), give some idea of the immense
labour and cost of investigations in Eome. Since 1871,

according to Professor Lanciani, an area of about 4 square

miles has been turned up, with results of the greatest

interest and value. Foremost amongst these must be

placed the excavations on the Palatine, which have revealed

the plans of the greater portions of the palaces built by
succeeding emperors. The platfonn of the hill was selected

by Augustus first for his imperial residence. Tiberius,

Caligula, and Nero added considerably to it. The Flavian

emperors united the various portions built by raising

structures between those already erected, and rebuilt the

House of Augustus, which had been destroyed by fire ; and
Septimius Severus added largely at the south-east angle

of the hill. The excavations were begun by Napoleon
III. in 1860, and since 1871 have been carried out by the

Italian Government. The palace begun by Yespasian

and completed by Domitian, being destined for state

receptions and banquets, was in some respects the most
magnificent. The throne room was 160 feet long and 120
feet wide, with a vault the clear span of which exceeded 100
feet. Twelve immense columns of pavonazzetto marble
and giallo antico assisted in carrying the vault, and flanked

the great doorways and niches; the latter, with smaller

columns of porphyry on the east side, held colossal statues

or groups, many of which now enrich various museums.
Next in interest come the excavations made on the line

of the Via Sacra, which since 1882 has been laid bare
from the Forum to the Colosseum. Many of the buildings

on either side have always been known
;
but the removal of

the superincumbent earth has not oiily exposed the bases
of the same, but brought to light the complete plans, and
in some cases the architectural Remains of other structures,

such as the Basilica Julia, the Rostra on the Forum, the
Temple of Testa, the house of the Vestal virgins, the
Portions Margaritaria, and the temple of Venus and Rome
with its surrounding Porticus, &c. Of these the most
interesting was the Atrium Testae,” the house of vthe

Vestals, excavated in 1883-84, which has proved to he
the most important example of domestic architecture yet
found, surpassing in completeness any of the Pompeian
houses in consequence of its having a great portion of the
upper storey preserved. According to Dr Middleton, the
house was evidently rebuilt by Hadrian on a much en-
larged scale. It consisted of a large open peristyle

measuring 200 feet by 72 feet in two storeys, with rooms
in the rear, and at one end the tablinum covered over with
a semicircular barrel vault. The whole house was richly

ornamented, the floors and walls being covered with
Oriental marbles, of which numerous remains were found.
The upper part of the walls was decorated with mosaic of

coloured glass tesserae. Staircases were found pleading to the
upper storey, in which the bedrooms and bathrooms were
placed

;
the walls were lined with marble slabs in the lower

part, and above were painted in brilliant colours with
panels, wreaths, and garlands.

One of the most valuable discoveries made in Eome of

late years is that relating to the date of the Pantheon,
which has always been a much-contested point among
archaeologists. In consequence of serious cracks in the

dome which had allowed the rain-water to penetrate

though the vault, Mr Chedanne, Grand Prix of the

French Academy at Eome, was allowed to make use of the

scaffolding which had been erected in 1892 and examine
the structure of the vault. On taking out some of the

bricks he found them stamped with dates of the time of

Hadrian. This led to a further examination of bricks in

other parts of the building, on which in every case Hadrian
stamps were found, the dates extending from a.b. 115-125.

This decided the question at once that the circular portion

of the Pantheon was built by Hadrian. Further researches

showed that 6 feet below the existing pavement was
another pavement of marble which sloped from the centre

to the circumference, belonging, therefore, to a circular

area exposed to rain; and outside the walls of the existing

1

building, concentric with them, and on the same level as

this pavement, was a circular wall of masonry of early

date surrounding this open area. A similar pavement was

found under the Portico and, at a lower level 3 feet under

this, was found another pavement, and a substructure in

travertine masonry, larger and of different design. The
results of these discoveries are considered to prove that

—(1) the original Temple of Agrippa was rectangular;

(2) the Portico of Agrippa faced the south instead of the

north (which is the aspect of Hadrian^s Portico)
; (3) the-

original Portico was decastyle, viz., with ten columns in

front
; (4) the rectangular temple on plan resembled the

temple of Concord, the front being on the longer side
; (5)

not only were the columns of Agrippa’s portico used again

by Hadrian, but also portions of the entablature and pedi-

ment; and (6) in front of Agrippa^s temple was an immense

circular area surrounded by a wall. This latter suggests

that Hadrian or his architect, having this site to build

on, conceived the notion of covering the whole area and

making the building circular.

Of the later discoveries at Pompeii, those made in 1894-

95, when the House of the Vettii was excavated, are by

far the most important. The house is comparatively small

in size, but in the preservation of its peristyle and its

richly-decorated walls it forms the most important repre-

sentative of its class. It differs in plan from other

examples in having no tablinum; the atrium opened

directly on to the peristyle. The large room on the north

side of the peristyle, richly decorated with cnpids and

Psyches, may possibly have served as the drawing- or

sitting-room of the house. .

Origin of the Fainted Arch.—The various theories put forward as

to the origin of pointed-arch architecture and its introduction into-
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A JSfew Christmn Style,— second work by M. de Vogue on the
architecture of Central Syria, published in 1867, revealed the
existence of a new Chiistian style of architectuie, religious and
secular, hitherto unknown, which, though developed by the Greek
Christians of Palestine, is based more directly on the Roman
remains in the country. The only parallel to it found m Europe
is that which exists in Burgundy in the chuiches of Autun and
Langres, based similarly on Roman work ; but theie is a
diffeience of hve or six centuries in date, and as these towns and
villages in Central Syria were deserted during the Mahomniedan
invasion in the 7th century, and being in the centre of Syria
were never even approached by the Crusaders, there can never
have been any connexion between the two. M. de Vogue’s
book is not confined to Christian work. Many earlier buildings
of Herodian and Roman work are illustrated in it, and
amongst them the stone buildings of the Hauran, which, owing

Pig. 7.—South Doorway of the Church of the Holy Sepulchre, Jerusalem.

Europe through the Crusaders may be considered now as disposed
of by the work of M. de Vogue on the churches of the Holy Land,
from winch it will be seen that they all date from a period long
subsequent to the regular employment of the pointed arch and
barrel vault in the south of Prance for constructional reasons.

Por proper consideration of the question the subject should be
divided into two parts—(1) that which has to do with its im-
mediate constructional object; and (2) its constant employment
for almost every form of arch and vault during the Middle Ages.
The earliest example of the pointed arch known is that found by
Professor Plinders Petrie in the Pyramid of Hawara, 2622-2578 b.c.

The second was that discovered in the drains of the palace of
Khorsabad built by the Assyrians c. 721 b.c. In Egypt its first

appearance is in the Kilometer of the Island of Roda, a.d. 861

;

and after the erection of the Mosque of Toulon, a.d. 879, it was
always employed. From there it was probably imported into
Sicily which the Saracens occupied fiom 941 to
1072. Unfortunately no example of that date
remains ;

but when the Normans conquered
Sicily, 1072, they employed the Mahommedan
workmen, so that the Saracenic style lingeis

throughout the buildings erected in Sicily for

more than a century. The pointed arch, there-

fore, was univei sally adopted in Sicily, and we
find it in the church of S, Giovanni de’ Leprosi
outside Palermo, 1072, and in the Ponte dell’

Ammiraglio, bnilt in 1110, the arches of the
bridge are of two orders, the lower ring of the
arches being recessed slightly behind the upper
ling. Of later buildings the church of S.

Giovanni degli Eremiti and the Cappella Palatina,

both built before 1132, and the church of La
Martoiana, completed 1143, are all built with
pointed arches. Passing now to the south of
Fiance, in the chnich of St Stephen atPerigueux,
the western bay, erected 1014, still preserves a
portion of its dome and pendentives built on
pointed arches. The churches of BrantSme, St
Jean de Cole, and Cahors were all built wiili

similar features before the close of the century,

aud the Cathedral of AngoulSme (first bay), and
the church of Pontevrault before 1130. It should
be pointed out that in the domed churches of
Perigord and Angoumois the setting out of the
pendentives and its construction in horizontal
courses is entirely different from Byzantine dome
construction in the East. Throughout Provence
the churches were vaulted with pointed - barrel
vaults, all in the 11th century, the finest

example being that of the church at Carcassonne,
1090.

In Palestine, prior to the crusades, all the doois
and wmdows had circular arches, the vaults only,

tor constructional reasons, being pointed. The
earliest churches built by the Crusaders in Pales-
tine were those of Tortosa and Beyrout, in both
of which the naves are covered with pointed-
barrel vaults similar to that of Carcassonne,
and probably carried out under the direction of

the monks of Cluny. Prom 1142 onwards the
Crusaders introduced the dome over the crossing

of nave and transepts, pointed arches carrying
pendentives and dome, and the construction
of the latter is the same as that employed in
Perigord, and quite different from that of the
Byzantine dome and pendentives of the Greek churches. The
arches of the naves of these churches are pointed and of two
orders, like the bridge already referred to near Palermo ; and the
masonry bears so close a resemblance to Sicilian work as to lead us
to suppose that Sicilian masons, whose language was either Greek
or Arabic, were taken over to Palestine, as they would be better
able to direct the native labour of the countiy. The masons’
marks found in the Holy Land are either French or Italian

;

English or German masons’ marks have not been found. There is

a natural tendency in M. de Vogue’s work to ascribe to French
masons the design and erection of all the Crusaders’ churches ; and
in the more important, it is true, we recognize the genius of the
French sculptor. The portals of the south doorway of the church
of the Holy Sepulchre are identical with examples in the south of
France (Fig. 7). On the other hand the mouldings of the west portal
of the Church of the Resurrection at Nablus are of Early English
section and associated with the dog-tooth ornament. The only
characteristic difference between the Crusaders’ churches and those
in Europe are that the former have—(1) flat roofs over the aisles

and sometimes over the nave, which were possible in the East ; and
(2) the exterior of the apses was occasionally polygonal, in imitation
of those of the Greek Church.

to the absence of timber, are entirely—roofs, doors, and windows

—

built in stone. These had been visited and described by Burckhar t,

the Rev. J. L. Porter, and other travellers ; but it has only been
from the engraved illustrations in M. de Vogue’s book that a fair

idea has been given of their design and remarkable construction,
St Mark's^ Venice,—Discoveries in the archives of Venice since

1890 have led to a revised date being given for the construc-
tion of the five domes within the basilican church, of St Mark’s,
Venice, restored only by Orseolo in 976. The late Professor
Cattaneo arrived at the conclusion that these domes were not
built till 1063. It follows, therefore, that the five-domed church
of St Front at Perigueux, which was copied from it, is not the first

domed church in France, as St Stephen’s in Pdrigueux, and other
domed churches, weie built in the first half of the 11th century. A
more careful examination of the so-called Latin church which
stands on the western side of the five-domed church at Perigueux,
has revealed features dating from the first half of the 11th century,
so that this was the church burnt down in 1120, Moreover, the
five-domed church is entirely in stone, so that no such conflagration
could have taken place as is recounted in the chronicle. From the
fact that the bodies of the saints were not brought back till 1171 to

be placed in the new church of St Front, it is probable that it was
S.X-77
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not commenced till 1160 ;
and this is borne out by the excellence of

the masonry throughout, which presented a marked contrast with

that of St Stephen’s, built in 1014. Instead of being the first

domed church therefore, it was the last, ot any magnitude.

The following additions require to be made to the glossary given

in the ninth edition :

—

AroPHYGE—{a) the inverted cavetto or concave sweep taken by
the lower part of the shaft in the Ionic and Corinthian orders

before its junction with the base, (b) The hollow or scotia

beneath the Doric echinus forming the junction between the

capital and the shaft.

Atrium—(a) the open couit of a Roman house, surrounded by a

colonnade or partially rooted over by projecting eaves, (b) The
court in front of a chuich, surrounded by colonnades or arcades.

Cella, the sanctuary of a Greek or Roman temple, enclosed by
walls and entered from the pronaos= 1^065 in Greek.

Epinaos, the open vestibule behind the naos or cella, sometimes

called the opisthodomus, as it was occasionally enclosed with

metal grilles and contained the properties of the temple.

R D £ C H E
Helix, teim given to the spiral of the Ionic volute and the

tendrils of the Corinthian capital.

Opisthodomus (Greek, from oTrurffev, behind, and dojuos, a house)
an enclosed chamber behind the naos and entered from the
epinaos, employed to store the treasury of the temple.

PoRTicus, a building with its roof supported by one or more rows
of columns, either in one straight line or enclosing a space
(Greek, crrod).

°

Stekeobate, the substructure of rough masonry beneath a temple.
Stylobate, the upper of the three steps on which the Greek tenq)le

stands
;
generally applied to the three steps.

Temenos, the sacied enclosure round a temple.
Tholos, term given to Greek circular buildings with or without a

peiistyle.

Velarium, the curtain or awning extended above the auditorium
of the Roman theatre to protect the spectators from sun or rain,

Xo’anon, a rude and primitive image carved in wood,
ZooPHORUs, a continuous frieze sculptured in relief, with the

figures of human beings and animals. g \

Arcot, a town of British. India, whicli gives its name
to two districts in the Madras presidency. The town has

now lost its manufactures and trade, and preserves only a

few mosques and tombs as traces of its former grandeur.

The district of ISTorth Argot has an area of 7616
square miles. In 1891 its population was 2,180,487,

being 286 persons per square mile
;
in 1901 the popula-

tion was 2,208,391, showing an increase of 4 per cent.

The administrative headquarters are at Chittur, but the

largest towns are Vellore (the military station), Tirupati

(a great religious centre), and Wallajapet and Kalahasti

(the two chief places of trade). The land revenue and
rates in 1897 - 98 were Rs.32,60,842, the incidence of

assessment being its.2 : 7 ; 0 per acre
;

the cultivated

area was 828,396 acres, of which. 366,245 were irrigated,

including 49,783 from government canals; the number
of police was 1284; the boys at school in 1896-97
numbered 42,509, being 26 per cent, of the male popula-
tion of school-going age; the registered death-rate in

1897 was 20*2 per thousand.

The district of South Argot has an area of 5217
square miles. In 1891 its population was 2,162,851,
being 414 persons per square mile; in 1901 the popula-
tion was 2,350,365, showing an increase of 9 per cent.

The administrative headquarters are at Cuddalore, close

to the site of Fort St David. The land revenue and
rates in 1897-98 were Rs.45,82,820, the incidence of
assessment being Ks.2 ; 7 : 9 per acre

;
the cultivated

area was 1,456,961 acres, of which 470,353 were irrigated
from tanks, &c., including 141,210 from government
canals ; the number of police was 963 ; the boys at school
in 1896-97 numbered 36,464, being 22*5 per cent, of the
male population of school-going age

; the registered death-
rate in 1897 was 21*2 per thousand. The principal crops
in hotb districts are rice, millet, other food grains, oil-

seeds, and indigo.

Arctic Oce£Ln« See Polar Eeghoxs.

Arctic Regions. See Polar Regions.

Arcueili^ a town of France, department of Seine
in the arrondissement of Sceaux, and 2^ miles IsT.E. 0
that town, on the railway from Paris to Sceaux. It take
its name from a Roman aqueduct, the Arcus Juliam
some traces of which still remain. Two superimpose(
aqueducts now supply water to Paris, Starch, vermicelh
bottle capsules, patent leather, and other articles are manu
factured. There are important quarries. Populatioi
(1881), 5529

; (1891), 5863
; (1896), 6418, (comm.) 6494

Ardcbi Ip or Arx>abil, chief town and seat of govern-
ment 6f a district, or sub-province of the province of Azer-
hiij^ in north-western Persia, in lat. 38“ 14' N., long.

48“ 21' E., and at an elevation of 4500 feet. It is situated

on the Baluk Sii (fish-river), a tributary of the E^ara Sii

(Black river), which fiows northwards to the Arras, and in a
fertile plain bounded on the west by the SavaUn Ddgh, a
volcanic mountain with, an altitude of 15,792 feet (Russian

triangulation). Ardebil has a population of about 10,000,

a garrison of half a battalion of infantry, and post and
telegraph ojfices. Its trade, principally in the hands of

Armenians, is still important, but is chiefly a transit

trade between Persia and Russia by way of Astara, a
port on the Caspian 30 miles N.E. of Ardebil (Dr F. Sarre^

“Reise von Ardebil,^’ <fec., in FetermamCs Mitteilmigen^

September 1899). Plans and photographs of the shrine

and mosques were taken in 1897 by Dr F. Sarre of

Berlin.

Emopean and Chinese merchants resided at Ardebil in the
Middle Ages, and for a long time the city was a great emporium
for Central Asian and Indian merchandise, which was forwarded
to Europe by way of the Caucasus and the Volga, and also vid

Tabriz and Trebizond, Since the 16th century, when Persia fell

under the sway of the Safavi dynasty, the place has been much
frequented by pilgrims, who come to pay their devotions at the

shrine of Shaikh Safi, the ancestor of Shah Ismail, who was the

founder of the dynasty, and the shrine is a richly-endowed estab-

lishment, with mosques and college attached. It had also a fine

library, containing many rare and valuable MSS. presented by-

Shah Abbas at the beginning of the 17th century
;
but most of

these MSS. were carried off by the Russians in 1828, and are now
in St Petersburg. The grand carpet, which had covered the floor

of one of the mosques for three centuries, was purchased by a

traveller some years ago for about one hundred pounds, and was

finally acquired by the South Kensington Museum for many
thousands.

ArdechOi a department of the S. of France,

traversed by the Cevennes and watered by the Rb6ne and

its affluent the Ardfeche.

Area, 2145 square miles, with 31 cantons and 339 communes. The
population declined to 375,472 in 1886, 363,501 in 1896, and 349,961

in 1901. In 1899 the births numbered 8465, of which 170 were

illegitimate, the deaths 8437, and the marriages 2625. The chief

towns are Privas (7843 inhabitants in 1896), Largenti^re, Tournon,

and Annonay. In 1896 there were 1171 primary schools, with

61,178 pupils ; 8 per cent, of the population was illiterate. The
surface under cultivation comprised 938,499 acres, or more than

three-fifths of the department, but plough-land made up only

480,871 acres. The vine, attaining a fair range of cultivation,

had 36,628 acres. In 1899 the wheat crop reached the value

of £247,626, and the vine about a seventh more. Ard^che is one

of the departments in which the mulberry grows most abundantly.

The crop of leaves amounted in 1899 to nearly 73,000 cwts., and

sericulture has developed in proportion, yielding 33,000 ®wts. of

cocoons, of the value of about £199,000. There were 25,000

sericulturists, and only Drome and Gard have a greater numbe^

The live stock in 1899 numbered 14,170 horses, 10,450 mules and

asses, 97,760 cattle, 229,690 sheep, 102,140 pigs,^ and 128,580 goat&

The mining production is inconsiderable, yielding in 1898, 50,000

tons of coal and 48,000 tons of iron. The working in metals

realized in 1898 only some 23,000 tons of iron. The principal

industries are paper manufacture (Annonay), tanning, and weaving.
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ArdenneS| a department in tlie KE. of France,

bordering on Belgium. It is covered witli the wooded
mountains of Ardennes, and traversed by the Meuse, the

Semoy, and the Aisne.

Area, 2028 square miles, distributed among 31 cantons and 503
communes. The population decreased from 332,759 in 1886 to

315,589 in 1901. Biiths (1899), 6523, of which 492 were ille-

gitimate
j

deaths,^ 6754 ; marriages, 2437. The principal towns
are Mezieres, which, witb Charleville, has a population of more
than 25,000 souls, Sedan, Bethel, Vouziers, and Rocroi. In 1896
there were 833 schools, with 43,8i5 pupils. Tv’o per cent, of the
population was illiterate. The total surface under cultivation

comprised 1,224,455 acies, hut the forests alone occupied 271,700
acres, and the plough-land was confined to 669,370 acres. The
climate does not allow the cultivation of the vine. In 1899
wheat yielded a value of £748,678. Oats also gave excellent

returns. Among the industrial cultures, beetroot is alone de-

serving of notice, producing in 1898, 2,090,585 cwts. Tn 1899
the live stock amounted to 47,370 horses, 109,040 cattle, 271,950
sheep, and 49,890 pigs. There are no coal-pits in the department
of Ardennes, but iron -mines are found between Mezieres and
Bethel. The valley of the Meuse produces enormous (Quantities

of slate. The working of metals (nails, bolts, machines) is highly
developed all along the valley of the Meuse (Montherme, Revin,
Givet), yielding in 1898, 96,000 tons of cast iron and of iron, and
46,000 tons of steel, of the value of £995,000. The produce of

the other metals amounts to the value of £255,000. Sedan is

celebrated for the making of cloth. In the production of sugar,

Ardennes takes the eighth rank among the departments, yielding

in 1898, 255,893 cwts.

ArdgrlSiSS, a village in the county of Down, Ireland,

7 miles S.S.E. of Downpatrick, with which it is now con-

nected by a light railway. It is noted for its herring

fisheries, the quantity caught in 1899 having been 15,519

cwt., valued at £5744. Population, 554,

Ardmore^ a town of Chickasaw IsTation, Indian

Territory, U.S.A., situated on the Gulf, Colorado, and
Santa F4 railway, at an altitude of 870 feet. Like

other towns of this territory, it has no corporate exist-

ence, nor are any lots owned in fee by the occupants, with

the exception of those lying within the right of way of

the railway. The site was originally a squatter’s claim,

and lots are held by quit-claim deeds or leases under it.

The population consists almost entirely of whites, the

Indians keeping remote from the railway and large towns.

The adjacent region is a rich farming country, producing

cotton, grain, and cattle, with the shipping of which the

town is mainly concerned. Population (1900), 5681.

ArdroSSa.l1| a seaport, burgh of barony, and police

burgh of Ayrshire, Scotland, 14J miles KN.W. of Ayr by
water. It has stations on the Glasgow and South-Western

and Lanarkshire and Ayrshire railways. The dock ac-
;

commodation has been greatly exten<ied. In 1898 the

port register contained 63 vessels of 25,129 tons; and the

tonnage entered was, in 1888, 2429 vessels of 247,425
tons; 1898, 3440 vessels of 734,320 tons; cleared in

1888, 2347 vessels of 243,398 tons, and in 1898, 3393
vessels of 737,155 tons. Imports were valued at £66,540
in 1888, and £463,015 in 1898; exports at £12,919 in

1888, and £202,068 in 1898. In 1898, 477,082 tons of

coal were exported and 60,351 tons of iron. One of the

public schools is an academy. Population (1881), 4098;

(1891), 5294; (1901), 5933.

ArecibOi—^A city near the west end of the north

coast of Porto Eico, founded in 1788. It commands the

trade of the adjacent portions of the island, and ships

large quantities of sugar and coffee. Near by are the

famous caverns of Consejo. The harbour is poor. Popu-
lation (1899), 8008.

Arenda.l| or Akntdal, a seaport town of Norway, co.

Nedenas, on the S. coast, 36 miles N.E. from Christiansand.

It possesses a relatively large commercial fleet (212
vessels of 117,260 tons aggregate), principally engaged in
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exporting timber (2 to 2^ million cubic feet annually to

Great Britain), wood-pulp, sealskins, and felspar. In 1879
Arendal ranked second (after Christiania) as a ship-owning

port; in 1899 it had dropped to the fifth place. In and
near the town are factories for wood-pulp, paper, cotton,

and joinery ; and at Fevig, 8 miles to the north-east, a
shipbuilding yard and engineering works. Population

(1875), 4132; (1891), 4578; including suburbs (1899),
about 10,000.

Arequip£l| a coast department of southern Peru,

containing seven provinces, Arequipa, Camana, Islay,

Uni6n, Caylloma, Condesuyos, and Castilla. Its area
occupies 21,947 square miles and its population in 1896
was officially estimated at 229,007. The capital, Arequipa,

has a population of 35,000. The foreign trade of the

town is carried on by the port of Mollendo, distant ninety

miles, with which it is connected by rail (107 miles)
;
the

exports are mainly sheep’s wool and alpaca, coca leaves,

and borate of lime.

ArezzOy a town and episcopal see of Tuscany, capital

of the province of Arezzo, 55 miles S.E. from Florence,

Italy. The church of St Francis (1322) contains frescoes by
Piero della Francesca and Spinello Aretino. Other notable

edifices are the churches of SS. Annunziata and Sta Maria
della Pieve (llth-14th cent.), the town hall (now converted

into a jail), the ceramic Museum Funghini, the house in

which Petrarch was born, the house of Vasari, and the

municipal museum. There are a technical school and an
academy of sciences, arts, and letters. Silks, gunpowder,
pottery, and macaroni are manufactured, and tanning and
printing are carried on. Population: commune (1881)

38,950, (1901) 44,350; province (1881) 238,744, (1901)
272,359.

Arg^aOi—A town of 34,000 inhabitants, on the east

coast of Cebu, Philippine Islands, in latitude 10® 3' N. It

was founded in 1608. Its products are rice, Indian corn,

and cacao. The latter is of superior quality and is produced

in large quantities. A limited amount of cotton is raised

and woven into cloth. The language is Oebu-Visayan.

Argfent&ll, chief town of arrondissement, depart-

ment of Orne, France, 27 miles N.N.W. of Alen^on, on

railway from Caen to Mans. One of the two principal

churches contains fine wood-carving and 16th-century

glass. Manufactures include stained glass. Oolitic lime-

stone, quarried in the vicinity, is used in the construction

of local buildings. The historian Mezeray and Charlotte

Corday were born here. Popnlation (1876), 4831,

(comm.) 5365
; (1896), 5070 ; (1901), 6291.

Argfenteuili a town of France, department of

Seine-et-Oise, arrondissement of Versailles, 3| miles N.W.
of enter circle of Paris, on railway from Paris to Mantes.

Asparagus and figs are cultivated in the district, and

heavy iron goods, chemical products, and plaster are

man^actureci At Choix-dxt-DIiseet, between Argenteuil

and Epernay, a large tumulus was opened in 1866, and

found to contain over 200 skeletons, and a large quantity

of arms and utensils. Population (1881), 9456; (1891),

11,362; (1896), 13,847; (1901), 17,424,

Argl'entinOi a city of Wyandotte county, Kansas,

U.S.A., situated in the eastern part of the state, five

miles west of Kansas City, Missouri, on the south bank of

the Kansas and just above its mouth, in 39® 04' N. lat.

and 94® 38' W. long., at an altitude of 750 feet Its

streets run irregularly up the steep face of the river blufiTs.

It is entered by the Atchison, Topeka, and Santa F^
railway- Its chief business is the smelting of ores of the

precious metals, lead, and copper from mines in the Rocky
Mountains. Population (1890), 4732 ; (1900), 5878,
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AEGENTINE REPUBLIC.
I. Geography and Statistics

The only considerable portion of the Argentine inland

frontier which has not been in dispute in recent years

is that formed by the lower waters of the river Uruguay,
separating it from the Uruguayan Republic and

ariesf^
the southern portion of Brazil. In accordance
with a treaty of 1889 between the Argentine

Republic and Brazil, and the arbitration award made by
President Cleveland of the United States in 1894, the
boundary line leaves the Uruguay river at its confluence

with the Pequiry, and after ascending this stream north-
wards passes in a straight line to the source of the San
Antonio, which it descends to its confluence with the
Iguassu, and thence to the confluence of the Iguassu and
Parand. From this point the Argentine and Paraguayan
Republics are conterminous. The boundary, by treaty of

3rd February 1876, follows the course of the Parana to its

junction with the Paraguay, which it ascends as far as the

mouth of the Pilcomayo river. Formerly the Argentine
Republic claimed territory north of the Pilcomayo, while
the Paraguayan Republic asserted that the Bermejo was
the boundary river; but by the treaty of 1876 and the

arbitration award of President Hayes of the United
States, given on 13th November 1878, the frontier line

ascends the Pilcomayo as far as the frontier of Bolivia.

The Argentine-Bolivian boundary (demarcated in accord-

ance with the treaty of 1889) starts from the point

where the Pilcomayo cuts the parallel of 22“ S. lat., and
runs due west to the Tarija, which it descends to the
Juntas de San Antonio, whence it ascends the Bermejo.
Leaving this river it proceeds to the Quiaca ravine, and
thence to a point on the San Juan river opposite Esmo-
raca. After ascending the San Juan, it runs to the
Cerro de Granados, to Incahuasi, and to Sapalegui on the
Chilian frontier. The Argentine-Chilian frontier is still,

for the most part, undetermined. On I7th April 1896
an agreement was signed providing for its delimitation as
far south as the parallel of 52“ S. lat., “ the crests of the
Andes that form the watershed ” being stated as defining

the boundary line. From 23“ to 26“ 52' 45'' S. lat. the
demarcation has been carried out, but in its continua-
tion southwards disputes arose which were referred for
arbitration to the British Government. At a point in 52“

S. lat. the boundary (in accordance vnth a treaty with Chile,
made in 1881) runs eastwards till it reaches the meridian
of 70“ W. long., and then south-eastwards to Cape Dxmge-
ness, at the eastern entrance of the Strait of Magellan.
On the opposite side of the strait, which, by the treaty,
is neutralized and free to the ships of all nations, the
boundary lies in the meridian of 68“ 34' W, long, from
Cape Espiritu Santo to Beagle Channel, and then follows
the channel to the Atlantic. The portion of Tierra
del Fuego, and some small islands, including Staten
Island,^ lying to the east of this line, belong to the
Argentine Republic; the land and islands to the west
and south belong to Chile.

Cflvmate,—^In the riparian provinces of Buenos Ayres and Santa
F4 there are great areas of almost flat land, which consists of deep,
rich loam formed from the aUuvial deposits of the Rio de La Plata
and the Rio Parana, and which for stock-breeding and agricultural
purposes cannot be surpassed. A temperate climate is not the
least of the many advantages this section of the country can claim,
for an average rainfall of some 34 inches provides abundant
moisture for vegetation, and the many days of bright sunshine
ensure the ripening of the cereal crops. The southern portion of
the province of Oordova, closely resembling the provinces of
Buenos Ayres and Santa F4, likewise contains large areas of arable

land, these three provinces have other important features. Inthe south of Buenos Ayres is the Sierra Ventana, an extensive
inountain range ; the north-east of Santa E4 contains much vain
able timber ; in the northern and eastern sections of Cordova are
gieat mouiitainous areas, the mineral wealth of which was worh^^lby the early Spanish settlers. The climate of the Andean nro-
Vinces of Mendoza and San Jnan is eminently suitable for the
cultivation of the vine. The valleys of the Andes open out atMendoza into plains requiring only irrigation to produce abundant
vegetation

; the rivers, supplied by the melting snows at the
iiigher elevations, provide the necessary water, and every year the
area of cultivation increases. On these plains there is a rainfall
of only SIX inches annually, snow rarely falls, and frosts are never
severe. To the north of San Juan are the provinces of La Rioiaand Catamarca, mountainous and heavily wooded, and intersected

70
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with well-watered, fertile valleys. Between Cordova and Tuouman
are great saline plains covered with a white alkaline crust, which

glitters in the sunlight like an inland sea. At Tncuman tropical

vegetation appears, although frosts occur regularly in winter, not

however of sufficient seventy to prevent the growth of the sugar-

cane. Salta and Jnjny, situated farther north amongst the

wooded spurs of the lower Andean ranges, possess a climate

tropical in the valleys, temperate on the higher plateau. To the

north-east of Salta, and bordering on the republic of Bolivia, is

the territory known as the Chaco, where the characteristic features

are dense tropical forest interspersed with open, park-like grass-

lands. Still farther to the east, and adjoining Paraguay pd
Brazil, is the territory of the Misiones, covered with tropical

jungle and watered by the river Uruguay, which passes

mous volume over the Iguassu FaUs and ultimately forms, with tne

Bio Parana, the great estuary of the river Plate. The southern
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territories of Argentina, comprising the basin of the Rio Negro,
the district of Keuquen, and the little-known land of Patagonia,
through which the Chubut, Santa Cruz, and Gallegos rivers flow
to the Atlantic, are of a very different character (see Patagonia).
Prom Neuqnen southwards along the eastern slopes of the Andes
lie valleys of great fertility, with magnificent timber on the
mountain sides, and a series of great lakes beginning at Nahuel-
huapi, the headwaters of the Rio Limay, extends some 500 miles
towards the Strait of Magellan. In the centre of Patagonia,
where the steppes open out into rolling grass-land, heavy snow-
storms and a low temperature generally prevail during the
long winter, from May to the end of September. Near the
Atlantic seaboard the climate again becomes more temperate.
From Chubut to the Strait of Magellan snow falls frequently in
winter, but not, as a rule, in sufficient quantities to interfere
seriously with pastoral and agricultural industry.

Sa/rhours. — In spite of some natural disadvantages Buenos
Ayres remains, and will probably long remain, the principal port of
Argentina, on account of the convenient and commanding position
it holds for the river trade. Rosario and Santa F4 are centres of
great grain-growing districts, and large quantities of wheat are
annually shipped from them direct to Europe. Six hundred miles
to the south of Buenos Ayres is the port of Bahia Blanca, with a
shipping trade which might be largely increased by a comparatively
small expenditure on the harbour works. Still farther to the south,
and only some 20 miles distant from the mouth of the Rio Negro,
is the natural harbour of San Bias. Near the Chubut river is Port
Madrin, and between that place and the Strait of Magellan are
haibours at the mouths of the Santa Cruz and Gallegos rivers.

Area arid Population.—^The subjoined table shows the aiea and
population of the republic, and its provinces and territories.

Administrative Divisions.
Area, Square

Miles.
Pop. 1895.

Pop. per
Square Mile.

Provinces.

Buenos Ayres . 117,850 1,685,022 13
Santa Fe . 50,915 397,188 7
Entre Rios 28,784 292,019 10
Corrientes 32,679 239,618 7
Cordova .... 62,160 361,223 6
San Luis .... 28,634 81,460 3
Santiago .... 89,764 161,502 4
Mendoza .... 66,501 116,136 2
San Juan .... 88,715 84,251 8
Rioja .... 34,546 69,602 2
Catamarca 47,632 90,161 2
Tucuman .... 8,926 216,742 24
Salta .... 62,185 118,015 2
Jujuy .... 18,975 49,713 3

Territories.

Misiones .... 11,282 33,163 3
Formosa .... 41,401 4,829
Chaco .... 52,741 10,422
Pampa .... 56,320 25,914
Neuquen .... 42,345 14,517
Rio Negro 75,924 9,241

3,748Chubut .... 93,427
Santa Cruz 109,142 1,058

i

Tierra del Fnego 8,298 477
!

Total 1,118,846 3,954,911 3

Population not in census . ... 60,000
Indian population . . ... 30,000

Total ... 90,000

Grand total ... 4,044,911 -

In 1869 the population was 1,830,214, showing an average annual
increase up to 1895 of 4*98 per cent. Of the total popmation in

1895, 2,088,919 were males and 1,865,992 females. The foreign

element numbered 1,004,527, of whom 492,636 were Italian,

198,685 Spanish, 94,098 French, 48,650 IJruguayan, 24,725
Brazilian, 21,788 British, 20,594 Chilian, 17,143 German, 15,047
Russian, 14,789 Swiss, 14,562 Paraguayan, and 12,803 Austrian,
many other nationalities being represented by smaller numbers.
Immigration and Emigration. — In the 43 years, 1857-99,

2,664,391 immigrants entered, and 882,599 emigrants departed
from the ports of the republic. In the 10 years, 1880-89, the
arrivals and departures were respectively 1,020,907 and 175,038;
in 1890-99, 928,865 and 552,175. In 1899 the immigrants by
ocean steamers numbered 84,442, and the emigrants 38,397. In
1900 the numbers were respectively 84,851 and 38,334. In 1900
there were 52,143 immigrants from Italy, 20,383 from Spain, 3160

from Prance, 2119 from Russia, and 2024 from Austria. In 1897,
27,593 availed themselves of the immigration laws with respect to
taking up public lands. Owing to the buying up of accessible land
by corporations and speculators the central and southern provinces
have, so far, not attracted colonists.

Chief Tovms.—^The principal towns are as follows ;

—

Population. Population.

Buenos Ayres (1900) . 824,303 Corrientes . . . 16,129
Rosario . . . 91,669 Chivilcoy . . . 14,632
Cordova . . . 47,609 Gualeguaychu . . 13,282
La Plata . . . 45,410 San Nicolas . . 12,550
Tucuman . .

. 34,305 Concordia , . . 11,695
Mendoza , . . 28,302 Rio Cuaito . . 10,826
Parana . . 24,098 San Juan . . . 10,410
Santa Fe . . . 22,244 Bairacas al Sur . . 10,185
Salta . . ,

. 16,672

The present constitution of the -Argentine Eepublic
dates from 25th September 1860. The legislative power
is vested in a Congress of two chambers—the constitu~
Senate, composed of members (two from each non and
province and two from the capital) elected by Oovem-

the provincial legislatures for a term of nine

years, and the Chamber of Deputies, elected for four years

by direct vote of the people, one deputy for every 20,000
inhabitants. To the Chamber of Deputies exclusively

belongs the initiation of all laws relating to the raising of

money and the conscription of troops. It has also the

exclusive right to impeach the president, vice-president,

Cabinet ministers, and federal judges before the Senate.

The executive power is exercised by the 'president, elected

by presidential electors from each province chosen by
direct vote of the people. The president and vice-president

are voted for by separate tickets. The system closely

resembles that followed in the United States. The presi-

dent must be a born citizen of the Argentine Republic, a
Roman Catholic, not under thirty years of age, and naust

have an annual income of at least $2000. His term of

oflGice is six years, and neither he nor the vice-president

is eligible for the next presidential term. All laws are

sanctioned and promulgated by the president, who is in-

vested with the veto power, which can be overruled only

by a two-thirds vote. The president, with the advice and
consent of the Senate, appoints judges, diplomatic agents,

governors of territories, and officers of the army and navy
above the rank of colonel. All other officers and ofldcials

he appoints and promotes without the consent of the

Senate. The Cabinet is composed of five ministers—^the

heads of the Government departments of the interior;

foreign affairs
;

finance j war and marine
;
and justice,

worship, and education. They are appointed by and may
be removed by the president.

Provincial Government.—^The provinces, under the constitution,

retain all the powers not delegated to the Federal Government,
Each province enacts its own constitution, which must be re-

publican in form and in harmony with that of the nation. Each
elects its governor, legislators, and provincial functionaries of all

classes, without the intervention of the Federal Government. Each
may conclude with the knowledge of the Federal Congress such
partial treaties as may he necessary for the administration of justice,
the regulation of financial interests, or the carrying out of public

works. Each may promote by means of protective laws its own
industries, may regulate immigration into its territories, and deal

with similar local economic questions.

Justice.—Justice is administered by a Supreme Federal Court of

five judges and an attorney-general, which is also a court of appeal,

and by a number of infenor and local courts. Each state has also

its own judicial system. Trial by jury is established by the con-

stitution, but never practised. Civil and criminal courts are both
corrupt and dilatory. In May 1899 the minister of justice stated

in the Chamber of Deputies that the machinery of the courts in

the country was antiquated, unwieldy, and incapable of performing

its duties; that 60,000 cases were then waiting decision in the
minor courts, and 10,000 in the federal division ; and that a re-

construction of the judiciaiy and the judicial system had become
necessary. In June 1899 he sent his project for the reorganization

of the legal procedure to Congress, but no action has yet been taken
beyond referring the Bill to a committee for examination and report.
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Beligion,—^Tlie Argentine constitution lecognizes the Roman

Catholic religion as that of the state, but tolerates all other re-

ligions. The state pays the clergy, builds churches, &c., controls

aS ecclesiastical appointments, and decides on the passing or re-

jection of all decrees of the Holy See. In 1895 there were 1019

Catholic churches, or one for every 4000 inhabitants. There weie

also sixty -eight Protestant churches, three masonic halls, one

Spiritualists’ church, and one Russian Orthodox church. Of the

Protestant churches twenty-five are in the territory of Chubut,

which was largely colonized fiom Wales. In 1895 the population

was divided as follows, according to religion :

—

Argentine. Foreign. Total

Catholics 2,944,397 976,739 3,921,136

Protestants . 6,597 21,158 26,755

Jews 195 5,890 6,085

Others . 190 745 935

Total 2,950,3/9 1,004,532
1

3,954,911
1

From this it appears that 991 per 1000 are Catholics, 7 per 1000

are Protestants, and 2 per 1000 are Jews, the Jews being entirely

of Russian origin, sent into the republic since 1891 by the Jewish

Colonization Association.

Educatim*—^The number of schools and colleges in 1899 was

3884, and of professors and teachers 11,001. The number of

pupils under instruction was 280,930. Of these 192,060 attended

elementary schools, 66,399 private establishments, 13,313 normal
schools, and the remainder the higher educational course at the

universities and at the various national advanced colleges. The
national colleges are sixteen in number, and there aie normal
schools, a school of mines, a college of agriculture, two mhitaiy
schools (one with 125 cadets, the other for the instiniction of non-

commissioned officers), and three naval schools (one for officexs and
two for artificers and mechanics). The national univeisities are at

Buenos Ayres and Cordova, and provincial universities are at

La Plata, Santa F4, and Paiana. The total number under instruc-

tion represents only 7 per cent, of the population, as compared
with 23 per cent, in the United States and 20*3 per cent, in the

United Kingdom. The cost of education to the state in 1899 was
extremely heavy, no less a sum than £1,000,000 being devoted
nominally to that purpose, an average of nearly £5 for each pupil

attending the public educational institutions.

The Army.—^The regular army, at the beginning of 1899, con-

sisted of 1463 officers and 12,867 non-commissioned officers and
men. In the ranks were then serving 2157 recruits of twenty
years of age, drawn under the conscription law in connexion with
the liability of Argentine citizens to be called upon for militaiy

service. The army comprised one regiment of engineers, two of
mountain artillery, six oflight artillery, twelve of infantry, eleven

of cavalry, and two of Andean sharpshooters. There is also the
president’s escort. On 31st December 1898 the number of men
enrolled in the National Guard, including the entire male population
between the ages of eighteen and forty-five years, with certain ex-

ceptions, was 233,945 on the list for active service, 90,924 on the
reserve list, and 13,780 on the territorial list ; 5323 men liable to
service were excused on special grounds. The total number of men
the Government can call to arms to assist the regular troops is,

therefore, 343,972. Under Law Ko. 3318 all youths of the age of
twenty years are required to undergo a regular training and to
serve two years in the army, if necessary. In 1898 the number of
youths coming imder this category was 34,000 ; but of these only
12,000 underwent the authorized instruction of sixty days with
the colours, the remainder not being called out from motives ot
economy. The main body of the ITational Guard is paraded and
drilled on all holidays ana Sundays, attendance being compulsory
for two months in every year until a citizen is twenty-five years of
age. The number of horses in service in 1899 was 14,432, and of
mules 4169. The artillery armament is from Krupp.

^
The Navy.—

A

marked development has taken place in the navy
since 1874, when the Government ordered from British shipbuilders
two ironclads, four monitors, and two gunboats. In 1881 the
Almirante Brovm was purchased in England, and in 1886 the
Patagonia and Argmtma were added to the list. In 1892 the
Independencia and Lil&rtad were acquired, then the cruiser 25 de
Mayo, and the 9 de Julio. The fear of war with Chile induced
the purchase of the Bumos Ayres in 1896, of the Gcmbaldi in 1897,
and of the San Martin, Puerryedon, and G-eneral Belgrcmo in 1898.
A toimedo division was also created with four first-class sea-going
torpedo boats, two torpedo gunboats, and twenty-one torpedo
boate. At La Plata there is a dock for the use of the torpedo
^vision, and on the river Tigre a slip and workshops for repairs
have been erected. A school-ship, the Sammenjto, nas also been
added to the navy list. The officers on the list in 1899 numbered
640 of all ranks and classes, and the petty officers and seamen
5105. A Inaval port is being constructed at Belgrano, some 27
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miles from Bahia Blanca, for the use of the men-of-war, and there
will be sufficient diaught of water at this port to admit the docking
of vessels up to 12,000 tons. The estimated cost of the construction
of the new port exceeds £1,000,000. The machine guns and rifles

now in use in the navy aie all of the most recent pattcim.

Finance .—^The levenue of the lepublio is derived mainly fioni
customs and excise, and the largest branch of expenditure is the
service of the debt. In 1878 the revenue amounted to the equi-
valent of £3,680,000; in 1881, to £4,260,000, the expenditure
in the latter year icaching the amount of £5,670,000. The
following table 'shows approximately the revenue and expenditure
in 1893 and onwards, conveisions being made at the rate of $5.04
to £1 for gold, and at the average rate of each year for paper.
These average rates aie shown in the last column of the table.

For the yeais 1900 and 1901 the budget estimates are given :

—

Yeai. Ile\ enup. Expenditure. Paper Dollars
to dbl.

£ £
1893 7,592,880

6,995,940
8,493,220 16.32

1894 6,973,760 17.85
1895 7,655,450 9,479,310 17.60
1896 8,677,140 12,034,200 14.86
1897 10,223,040 12,187,530 14.61
1898 18,672,568 24,044,246 12.95
1899 14,603,140 15,325,230 11.29
1900 12.859.000

13.078.000
12,996,100 11.36

1901 12,975,000 11.36

The abnormal increase of revenue and expenditure in 1898 and
1899 was due to the warlike preparations made on account of the
boundary disagreement with Chile. In 1900 a 10 per cent, ad-
ditional tax, which had been imposed on imports, was abolished
to the extent of one-half, the remaining half being made apifiicable

to the formation of a fund for the conversion of the paper money.
The debt of theiepublic in 1889 amounted to about £24,000,000,

and in the following year financial difficulties arose. In 1891
a funding loan, limited to £7,630,680, was issued, and the pro-

ceeds were applied to the service of external loans and obliga-

tions. In 1893 the Romero arrangement was made between the
National Government and the bondholders for the suspension of

amortization and the temporary reduction of interest. The pay-

ment of full interest was resumed in 1898. In the years 1896-99

the issue of railway guarantee rescission bonds amounting to

£11,607,100 was authorized for the purpose of settling railway

guarantees in arrears ; and in 1897-1900 the issue of bonds amount-
ing to £20,284,600 was authorized, that aiTangements might be
made between the provinces and municipalities and their creditors.

A considerable amount of the public debt arose from national

mortgage bank cedulas, for which the Government had made itself

responsible. In the year 1900 the outstanding and authorized

debt of the republic was as follows :

—

External debt

—

£
Original national loans . . 46,738,708
Assumed provincial, &c. . 31,891,657
National cedulas .... 9,946,143

Total external

.

87,575,508

Internal debt

—

$6,375,000 gold \
98,751,300 paper /

‘ * 9,896,384

Floating debt, &c.

—

$23,852,751 gold \ 5,564,000
9,012,804 paper j

Paper currency, $291,326,263 . . 25,600,000

The total obligations of the nation—external, internal, floating, and

currency—^thus amount to over £128,000,000.
According to an estimate given in the twenty-seventh annual

report of the Foreign Bondholders’ Council the cost of the service

of the whole debt (exclusive of expenses) in 1900 amounted to

£6,301,419.
The paper currency forms an impoi'tant part of the internal debt.

By the emission of vast sums of paper money President Celman

entered on the course which led to the financial ruin of Argentina,

and by further emissions, in reality neither more nor less than

forced loans, subsequent presidents hastened the collapse. The

assumption by the National Government of the provincial external

indebtedness was only an act of justice. These provincial loans

were contracted under the law of 3rd November 1887, an Act more

commonly known as the Free Banking Law. The various pro-

vinces made loans abrofid to the amount of £27,000,000, and(^-

posited the specie 'with the National Government through the

Caisse de Conversion, the gold to remain intact as security for

the value of the notes issued by the provincial banks. In return

for the gold deposited in the Caisse de Conversion the provinc^

were entitled to receive internal gold bonds bearing 4J per cent.



statistics] argentine
interest, the bonds remaining in the custody of the Caisse de Con-
version, which was authorized to attend to the annual service.

But President Celman sold the gold specie, and the provincial

bank notes immediately lost their value. The National Govern-
ment has to some extent made good the loss caused by the action

of Celman.
Minerals,—^The principal mineral deposits of the republic are

found in the provinces of San Juan, La Eioja, Mendoza, Jujuy,

Salta, San Luis, and Catamarca, and in the territories of Santa
Cruz, Chubut, ^Pampa, Neuquen, Tierra del Puego, and Eio Negro,
the richest being that of Jujuy, Gold and silver are. found in

many places,^ but the only rich deposits now being^ worked are

in the Famatina region in La Eioja. Lead is found in some veins

in La Eioja, Cordova, Mendoza, and San Luis, Copper has been
discovered in the provinces of San Juan, La Eioja, Cordova, Cata-
marca, Mendoza, Salta, and Jujuy. Most of the ore contains con-
siderable quantities of gold and silver. Iron, of poor quality, has
been found, in Mendoza, Cordova, La Eioja, and San Juan, but
there are no smelting works in the country. Coal has been
iscovered in the department of San Eafael in Mendoza, in
Neuquen, the Arroyo Malo, and San Juan in the district Morado.
Some small petroleum springs have also been discovered in the de-

partment ofAnta in the province of Salta, and near the town of Oran.
Agriculture and Stock-raising,—In 1878 the production of wheat

was insufScient for home consumption, the amount of maize grown
barely covered local necessities, and the only market for live stock
was in the saladero establishments where the meat was turned into

jerked beef for the Brazilian and Cuban maikets. But three yearn
later the actual economic development began. In 1881 President

Eoca offered for public purchase by auction the lands in the south-

west of the province of Buenos Ayres, the Pampa Central, and the
Neuquen district, these lands having been rendered habitable after

the campaign of 1878 against the Indians. The upset-price was
£80 sterling per square league of 6669 acres, and, as the lands were
quickly sold, an expansion of the pastoral industry immediately
ensued. The demand for animals for stock-biceding purposes sent

up prices, and this acted as a stimulus to other branches of trade,

so that, as peace under the Eoca regime seemed assured, a steady
How of immigration from Italy set in. The development of the
pastoral industry of Argentina since those days has been remark-
able. In 1878 the number of cattle was 12,000,000; of sheep,

65,000,000 ; and of horses, 4,000,000 : in 1899 the numbers were

—

cattle, 25,000,000 ; sheep, 89,000,000 ; and horses, about 4,500,000.
Originally the cattle were nearly all of the long-horned Spanish
breed and of little value for their meat, except to the saladero

establishments. Gradually Durham and Hereford stock were intro-

duced to improve the native breeds, with results so satisfactory

that now herds of three-quarters bred cattle are to be found in au
parts of the country. Not only has the breed of cattle been
improved, but the system of grazing has completely altered. Yast
areas of land (probably 8,000,000 acres) have been ploughed and
sown with lucerne, and magnificent permanent pasturage has been
created where there were coarse and hard grasses in former days.

In 1889 the first shipment ofArgentine cattle, consisting altogether

of 1930 steers, was sent to England. The results of these first

experiments were not encouraging, owing mainly to the poor class

of animals, but the exporters persevered, and the business steadily

grew in value and importance until in 1898 the number of live

cattle shipped was 130,351. In 1899 the number fell to 103,566,
of which 83,364 were shipped to England, 3290 to France, and
11,688 to Brazil. Large quantities of frozen meat were exported
in 1899, profitable prices being realized. Dairy farming is making
rapid strides, and the development of sheep-farming has been
remarkable. In 1878, 65, 000, 000 sheep yielded 230, 000,000 pounds*
weight of wool, or an average per sheep of about SJ pounds. In
the season 1899-1900 the wool exports weighed 420,000,000 pounds,
and averaged more than 5 pounds per sheep. The extra weight of

fleece was owing to the very great improvement due to the large

importation of rams from Europe and Australia. The export,

moreover, of live sheep and of frozen mutton to Europe has become
an important factor in the trade of Argentina. In 1892 the
number of live sheep shipped for foreign ports was 40,000 ; in 1898
the export reached a total of 619,378 ; and in 1899, 462,013. In
1892 the frozen mutton exported was 25,500 tons, and this had
mcreased in 1898 to 29,776 tons.

The advance made in agricultural industry is also of very great
importance. In 1872 the cultivated area was about 1,430,000
acres

; in 1888, 6,074,000 acres ; m 1895, 12,083,000 acres ; in 1899,
16.055.000 acres. In 1899 the wheat exports exceeded 50,000,000
bushels, and the maize 40,000,000 bushels. The area under wheat
in 1899 was 5,500,000 acres; maize, 6,000,000 acres; linseed,

200.000 acres. The farming industry is not, however, on a satis-

factory basis. No national lands in accessible districts are avail-

able for the application of a homestead law, and the farmer too
often has no interest in the land beyond the growing crops, a
percentage of the harvest being the rent charged by the owner of
the property. This systena is mischievous, since, if a few eonseeu-
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tive bad seasons occur, the farmer 'moves to some more favoured
spot.^ The principal wheat and maize-producing districts lie in the
provinces of Santa Fe, Buenos Ayres, Coidova, and Entre Eios,
and the average yield of wheat throughout the countiy in 1899
was, in round numbers, 12 bushels to the acre. Little attention
is paid to methods of cultivation, and the farmer has no resources
to help him if the cereal crops fail. In the Andean provinces of
Mend.oza, San Juan, Catamarca, and La Rioja viticulture is widely
practised, and the area of the vineyards now exceeds 150,000 acres-

Wine is manufactured in large quantities, but the output is not
yet sufficient to meet the home demand. In the province of
Tucuman the main industry is sugar-growing and manufacture.
In 1899 the production of sugar was 110,000 tons, the total con-
sumption of Argentina being estimated at 80,000 tons annually.
The sugar manufacture, however, is a protected and bounty-fed
industry. Other products are tobacco, olives, castor-oil, and fruit
and vegetables for export to Brazilian markets.
The pastoral and agricultural industries have been hampered by

fluctuations in the value of the currency, farm products being sold
at a gold value for the equivalent in paper, while labourers are paid
in cmrency. The existing system of taxation also presses heavily
upon the provinces, as may be seen from the fact that the national,

provincial, and municipal exactions together amount to £7 per head
of population, while the total value of the exports in 1898 was only
£6 in round numbers.

Manufactures,—^Manufacturing enterprise in Argentina, in spite
of the protection afforded by a high tariff, does not make any
substantial progress. The reason put forward is the lack of coal
or other available cheap fuel. At Cordova a central power station

for the distribution of electricity obtained from water-power was
erected in 1897 ; but so far very little use of this convenience has
been made by factories. In Buenos Ayres several companies have
established stations for distributing electric power generated by
steam; but the cost is high, and the power has hitheito only been
applied for lighting and for the electric tramways.

Commerce.—^The rapid development of the foreign trade of the
republic since 1881 is shown in the following table, the values of
imports and exports being given in pounds sterling for the years
named. In the period 1886-90 the trade was abnormally inflated,

the average annual imports duiing the five years being or the value
of £25,919,000, and of the exports £17,813,000.

Tear. Imports. Exports.

1881
£

11,100,000

£
11,580,000

1886 19,100,000 14,000,000
1891 13.442.000

22.433.000

20,644,000
1896 23,360,000
1898 21,486,000 26,766,000
1899 23,360,000 36,980,000
1900 22,697,000 30,920,000

The principal imports are textiles and raw materials, valued
in 1900 at £7,519,570; iron and iron goods, £3,810,810; food
stuffs, £2, 090, 670 ;

glass and earthenware, £1, 778, 700. The values

of the principal groups of exports were—pastoral products,

£14,250,800 ; agiicultural products, £15,485,200 ; forest products,

£441,700 ; various, £701,800. Of the pastoral products the more
important exports were—ox-hides, 3,859,460 in number; horse-

hides, 120,100 in number ; sheep-skins, 28,200 tons
;
wool, 112,105

tons ; tallow, 358,880 owts. ; foreign wethers, 2,372,970 in number.
The agricultural produce exported comprised 2,042,164 tons of

wheat and 740,685 tons of maize. Of the impc ts in 1900, 34
per cent, in value came from the United Kingdom, 14 per cent,

from Germany, 13 per cent, from Italy, 12 per cent, from the

United States, and 9 per cent, from France. Of the exports 15
per cent, in value were shipped to the United Kingdom, 13 per

cent, to Germany, 12 per cent, to France, and 11 per cent, to

Belgium. More than half the foieign trade of the lepublio goes

through the port of Buenos Ayres.

The commercial community has been passing through a most
difficult period. Between 1880 and 1890 immense sums of European
capital were invested in railways and other undertakings. The
Mortgage Bank of the province of Buenos Ayres lent money reck-

lessly in the form of cedulas nominally secured on landed property,

credit was given far and wide, and the import trade rapidly de-

veloped. In 1890 a financial crisis came, credit contracted, the

value of property depreciated, and imports decreased. The con-

stant fluctuations in the value of the currency were also an adverse

factor. But recent commercial statistics indicate that the volume

of trade is once more increasing. Credit is now sounder than for

several years, and shows signs of further improvement. Many
of the larger retailers now import their wares direct from Europe,

and thus save the intermediate commission charges. Present difr

culties arise mainly from the appreciation of the cnixency and

recent additions to taxation. In consequence of these two factors
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the expenses of a trading establishment aie now, with a premium
on gold of only 127 per cent., greater than they were when the

premium stood at 300 per cent.

Shipping and Navigation,—The shipping under the Argentine

flag in 1898 consisted of 1416 sailing ships of a total tonnage of

118,894 tons and 222 steamships of 36,323 tons. The shipping

entered at Argentine ports in the foreign trade in 1891 had a total

tonnage of 5,275,094; in 1896, 7,115,467 ; in 1897, 6,185,062; in

1898, 6,555,128 ; in 1899, 6,939,567.

Railways.—^The rapid development of the railway system is

indicated by the following figures, which show the length of line

open in vanous years from 1880 :

—

Year. Miles Open. Year. Miles Open.

1880 1,435 1895 8,887
1885

1
2,820 1898 9,885

1890 1 5,745 1899 10,285

The trans-Andean line is open to Santa Rosa, but 46 miles are

required to unite the Argentine and Chilian sections.

In 1900 the capital invested in the railways amounted to

£105,323,324, of which £10,991,750 corresponded with the state

lines, and the remainder with the private lines. In the course
of 1900 the railways carried 17,898,961 passengers and 12,719,297
tons of goods, the average working expenses of all the lines in
operation being (1898) 62 per cent, of the gross receipts.

In consequence of the action of competing undertakings, the
companies, without any National Government guarantee on the
capital they employed, were compelled to extend their works, and
expansion was only checked when the financial crisis of 1890
destroyed for a time the credit of Argentina in the money markets
of Europe. The concessions granted during the tenure of office of
President Roca from 1880 to 1886 had the specific object of uniting
outlying districts with the capital, and could be justified on politiciu

as well as economic grounds. Those issued broadcast by President
Celman had no such raison d'Ure and were simply political jobs,
which brought the guaranteed railway system into disrepute.

Tramways.—In 1895 there were in operation 460 miles of tram-
ways, 36 miles in construction and 32 miles projected. These lines
had a capital of $84,000,000 paper, and in 1894 carried 88,306,866
passengers. In 1895 there were 179 stage-coach companies travel-
ling over 11,940 miles of road.

Telegraphs.-^ln. 1896 the Argentine Republic had 25,345 miles
of telegraph lines and 1237 offices. The national telegraph lines
had a length of 11,023 miles with 23,572 miles of wire ; the lail-

way lines, 7070 miles with 18,717 miles of wire ; companies* lines,
4428 miles with 7462 miles of wire ; other lines, 2824 miles with
9309 miles of wire. The despatches sent numbered 4,953,887.

Posts.—^The Argentine Republic joined the Postal Union in
1878. In four years the national post offices handled mail pieces
to the following numbers:—In 1894, 127,564,667 pieces; 1895,
142,436,240 ; 1896, 177,641,001 ; 1897, 190,506,860. In 1897 the
internal correspondence amounted to 167,634,383 letters and papers,
and the foreign to 22,872,487. In 1897 there were 1716 post
offices. The revenue derived from the post offices, including the
telegraphs, in 1897 was $15,257,966 ; the expenditures, $30,347,390.

Credit.—^By law of 16th October 1891 the old National Bank
was placed in liquidation, and the Banco de la Nacion Argentina
was opened. Within the republic there are many other banks,
both state and private. The National and Provincial Hypothecary
Banks, in the spendthrift period between 1886 and 1890, exercised
a disastrous influence on Argentine credit. The fundamental
prmciffie of these mortgage banks was sound enough, the idea being
that the bonds issued {cedulas) should be a first charge on re^
estate of approved value, and that their face value should not
represent more than 75 per cent, of the approved value of the
^operty. But in the ‘‘boom’* of 1887-89 cedulas’w&cQ issued on
the nominal value of property and through political influence, so
that many millions of dollam were obtained on waste and worthless
lands. WRen the true condition of affairs came to light it was
found cedvZas amounting to some $400,000,000 had been issued
by the Provincial Hypothecary Bank, and to about $120,000,000
by the National Bank. In the case of the Provincial Bank the
security of the lands mortgaged was found to represent only about
10 per cent, of the nominal value of the cedulas issued. The
grantee of the Provincial Government had been attached to
th^e bonds, but the province was in a bankrupt condition. Un-
tortunately, the cedulas had been largely bought in Europe under^ impression that they were secured upon valuable real estate.
Ti^en their price fell, nearly all landowners in possession of valu-
able properties and owing money to the bank at once bought up
l^e bonc^ at depreciated values and oanceUed their indebtedness.

therefore, left with only the mortgages that were
pithless, and practically the $250,000,000 of now out-
standing in Europe and Argentina are without intrinsic value. By

careful management the affaiis of the National Hypothecary Bank
weie brought to a fairly sound financial condition, but this was in
great part owing to the fact that the charter of the bank practically
confined all moitgages to the municipaHty of Buenos Ayres, where
property has steadily risen in value tor some years past.
The development of the resources of Argentina is effected largely

by means of foreign capital. In a consular report of July 1900^
the foreign capital invested in undertakings within the country is

estimated at £122,865,000, of which £119,018,000 is for railways
and tramways, and the interest annually paid to capitalists out-
side the republic is put at about £4,900,000.
The paper money in circulation on 31st December 1899

amounted to $291,326,000, or about £25,600,000, gold being at a
premium of 127 per cent. On 4th November of that year a law
was passed for the conversion of the paper cuirency into gold
dollars at the rate of 44 cents gold per paper dollar, provision
being made for the formation of a conversion fund. In April
1900 the fund amounted to $3,200,000 gold, or £640,000. It is

anticipated that five years must elapse before the fund can reach
an amount sufficient for an attempt to carry out the conversion.
The metric system has been nominally compulsory since 1887,

but the old Argentine system is not yet abandoned.

Authorities.—^Alsina, Juan A, La Inm/igracidn Europea e%
la Repuhlica Argentina. Buenos Ayres, 1898.

—

Argentim-CUlian
Boundary: Report presented to the British ArUtration Tribunal on
behalf of the Argentine Government. 4 vols. London, 1900.—Car-
ranza, Arturo B. Oonstitucidn Nadonaly Constituciones Frovinci-
ales Vigentes. Buenos Ayres, 1898.—Daireaux, Emile. La Vie et

les Mceurs h La Plata. Paris, 1888.—^De Gubernatis, Comte
Angelo. NArgentina. Firenze, 1898.—Galarce, A. Bosguep
de Buenos Ayres, capital de la Nacion Argentina. Buenos Ayres,
1886. 2 vols.

—

Gonzales, Mbliton. El Gran Chaco Argentino.
Buenos Ayres, 1890. — Grant and Sons, John. English
Directory and Argentine Commercial Guide. Buenos Ayres, 1899.—Latzina, Francis. Diccionario Geografico Argentino. Buenos
Ayres, 1891.—Gdographie de la Republigue Argentine. Buenos
Ayres, 1890. —NAgriculture et VElevage dans la R^uUique
Argentine. Paris, 1889.

—

Mitre, Bartolom]^. Historia de San
Martin y de la Emancipadon Sud-Americana, SegUm mtevo^
documentos. Buenos Ayres, 1887. 3 vols. — Historia de Bd-
grano y de la Independenda Argerdina. Buenos Ayres, 1883.

3 vols.

—

^Mulhall, M. G. and E. T. Handbook of the River Plate.

London, 1892.

—

Schmitz, Otto. Die Finanzen Argentiniens,
Leipzig, 1895.—SoldAN, Felipe. Diccionario Geografico Estadis-

tico Nmional Argentino. Buenos Ayres, 1885.

—

^Turner, Thos. A.

Argentina and the Argentims. New York and London, 1892.—
Zeballos, Estanislao S. Descripcion Amena de la Republic
Argentina. Buenos Ayres, 1881. 3 vols.—Anuario de la Direcddn
General de Estadistica 1898. Buenos Ayres, 1899.

—

Wiener,
Charles. La Republigue Argentine. Paris, 1899.—Segundo
Censo Repuhlica Argentina. Buenos Ayres, 1898. 3 vols.

—

Hilder, F. F. Education in the Argentine Re^blic. Washing-
ton, 1899.

—

Handbook of the Argentine Republic. Bureau of the

American Republics, Washington, 1892.—United States Consular
Reports. Washington.— British Foreign Office Diplomatic and
Gonsula/r Reports. London.

{w. W. R.; I. P. A. R.; C. E. A.)

II. Becent History.

The history of Argentina since the time of its

emancipation from Spain is a confused, wearisome story

of political intrigues, party struggles, civil wars, and

military revolutions. In 1875 the temporary lull

led many people to believe that the period of civil

strife was at an end and that no new revolutionary

movements would be attempted for a long time to come.

These sanguine expectations were not destined to be

realized. During the presidency of Dr Avellaneda, who
had succeeded Sarmiento in the office of chief magis-

trate, political feeling in the city and province of Buenos

Ayres began to show unmistakable signs of forcing to an

issue the question as to what position Buenos Ayres^ was

to hold for the future in regard to the remaining provinces

of the confederation. Before retiring from office, the

President endeavoured to secure the election of General

Julio Roca as his successor, and on this point hinged the

principal political events of 1879, leading to the civil war

of 1880, by which the power of Buenos Ayres was crushed.

Wben, in 1879, the people of Buenos Ayres perceived that
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the decentralization party had determined to leave no
stone nntnrned to secure the election of General Roca,

and so make sure that the provinces became the dominant
element in the political situation, an agitation was im-

mediately set on foot. Mass meetings were held and a
committee was appointed for the purpose of considering

what action should be taken to defeat the ambitious

designs of the provincials. Under the direction of this com-
mittee, the association known as the “ Tiro Nacional ” was
formed, with the avowed object of training the able-bodied

citizens of Buenos Ayres in military exercises and creating

a volunteer army, ready for service, if called upon, to

resist by force the pretensions of their opponents. The
establishment of the Tiro Nacional was enthusiastically

received by all classes in Buenos Ayres, the men turning

out regularly to drill and the women aiding the movement
by collecting subscriptions for the purpose of armament
and other necessaries. On the 13th of February, 1880,

the Minister of War, Dr Pellegrini, summoned the princi-

pal military officers connected with the Tiro Nacional, and
warned them that as officers of the national army they

owed obedience to the National Government and would be
severely punished if concerned in any revolutionary out-

break directed against the constituted authorities. The
reply to this threat was the immediate resignation from the

army of all the officers connected with the Tiro Nacional.

Two days later, the National Government occupied with a
strong force of infantry and artillery the parade ground
at Palermo used by the Buenos Ayres volunteers for drill

purposes. A great meeting of the citizens was then called

and marched through the streets. President Avellaneda,

finding his position insecure, made a compromise and
ordered the troops to be withdrawn. Negotiations were

now opened between the National Government and the pro-

vincial authorities for the disarmament of the city and
province of Buenos Ayres, but without result. Matters

became still further strained on account of outrages

committed by the national troops, and the gradual

development of the situation brought about such violent

bitterness of feeling between the two factions that an
appeal to arms became inevitable.

In the month of March, 1880, President Avellaneda and
his Ministers left Buenos Ayres, and this act was con-

sidered tantamount to a declaration of war. The National

Government and the twelve provinces, forming the Cordova

League, were on one side
;
the province and city of Buenos

Ayres and the province of Corrientes on the other. The
National Government troops were well armed with

Kemington rifles, provided with abundant ammunition,

equipped with artillery, and supported by the fleet. In
the city and province of Buenos Ayres plenty of volunteers

oftered their services, and an army of some 30,000 men
was quickly raised, but they were armed with old-

fashioned weapons and there was only a limited supply

of ammunition. Feverish attempts were made to remedy
the lack of warlike stores, but difficulty was experienced

on account of the fleet blockading the entrance to the

river. After several skirmishes, the contending armies

met in force on the 20th of July, 1880, in the outskirts of

Buenos Ayres, General Boca commanding the national

troops. Two days^ fighting took place, and the Buenos

Ayres forces were finally outmatched at all points. On
the 23rd of July the surrender of the city was demanded
and obtained. The terms of the surrender were that all

the principal men of the revolution should be removed

from positions of authority, aU Government employes im-

plicated in the movement dismissed, and the forces in the

province and city of Buenos Ayres at once disarmed and

disbanded. The power of Buenos Ayres was thus com-

pletely broken and at the mercy of the Cordova League,
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represented by their favourite candidate for the presidency,

General Julio Boca. Buenos Ayres was no longer in a
position to take any active part in the nomination of a
successor to President Avellaneda, and the official candi-

date, General Boca, was declared to be duly elected without
opposition. He assumed office in October, 1880. Hitherto,

General Boca had been regarded only in his capacity of a
soldier, and not from the point of view of an administrator.

In the campaign against the Indians in the south-west of

the province of Buenos Ayres and the valley of the

Bio Negro and the Neuquen district, he had gained much
prestige; the victory over the forces at Buenos Ayres
added to his fame, and secured his authority in the out-

lying provincial centres. One of the first most notable
acts of the Boca Administration was to declare the city of
Buenos Ayres the property of the National Government,
and no longer under the control of the provincial authori-

ties. Some compensation was granted to the province in

consideration of this change, but nothing that was given
could adequately represent the political loss which it

suffered. A further blow was dealt at its supremacy in

1884, when the town of La Plata was declared to be the

provincial capital, and the Provincial Government was
moved to that place.

Considering the circumstances in which General Boca
assumed office, it must be admitted that he showed great

moderation, and that on the whole his administration was
fairly successful. Public affairs were conducted quietly so

far as the National Government was concerned, and the

influence and prestige of Boca throughout the provinces

acted as a deterrent to prommciam%entos and outbreaks

against the provincial authorities. The danger of these

‘internal dissensions was permanently lessened, though by
no means entirely removed, by the extension of railways.

Unfortunately, the last two years of Boca’s administra-

tion were characterized by two grave errors, which subse-

i

quently caused widespread suffering and distress throughout
the country. The first of these mistakes was a measure
making the currency inconvertible, which was adopted
without any consideration as to its effect on the national

credit. The second was the nomination of Dr Miguel
Juarez Celman for the presidential term commencing
in October, 1886. The nomination was brought about

by the Cordova clique, and Boca lacked the moral
courage to oppose the decision of this group, though he
was well aware that Celman, who was his brother-in-law,

was neither intellectually nor morally fitted for the post.

No sooner had President Juarez Celman come into power,

towards the close of 1886, than the respectable portion of

the community began to feel alarmed at the methods

j

practised by the new president in his conduct of public

affairs. At first it was hoped that the influence of General

Boca would serve to check any serious extravagances on
the part of Celman. This hope, however, was doomed to

disappointment, and before many months had elapsed it

was clear that the President would listen to no prudent

counsels from Boca or any one else. The men of the old

Cordova League became dominant in all branches of the

Government, and carpet-bagging politicians occupied every

official post. In their hurry to obtain wealth, this crowd of

office-mongers from the provinces lent themselves to all

kinds of bribery and corruption. The public credit was

pledged at home and abroad to fiU the pockets of the

adventurers, and the wildest excesses were committed under

the guise of administrative acts. What followed in the

second and third years of the Celman Administration can

only adequately be described as a debauchery of the

national honour, of the national resources, of the rights of

Argentines as citizens of the Bepublic. Buenos Ayres was
stiU prostrate under the crushing blow of the misfortunes
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of 1880, and lacked the strength and power of organization

necessary to raise any effective protest against the proceed-

ings of Celman and his friends when the true character of

these proceedings was first understood. The conduct of

public affairs, however, at length became so scandalous

that action on the part of the more sober-minded and more

conservative sections was seen to be absolutely imperative

if the country was to be saved from speedy and certain

ruin. In 1889, the association of the “Union Civica”

was founded, and the organization undertaken by Dr
Leandro Alem, Dr Aristobulo del Yalle, Dr Vicente Lopez,

Dr Lucio Lopez, and other leading citizens. Mass meet-

ings were held in Buenos Ayres, and Dr del Valle, a most

able orator, clearly explained the terrible danger threaten-

ing the Republic in consequence of the irresponsible and
corrupt character of the Administration. Subsidiary clubs

affiliated to the central association were formed throughout

the length and breadth of the country, and millions of

leaflets and pamphlets were distributed broadcast to

explain the importance of the movement. President

Celman underrated the strength of the new opposition and
relied upon his ai’med forces promptly to suppress any
sign of open hostility. No change was made in official

methods, and the condition of affairs drifted from bad to

worse until the temper of the people, so long and so sorely

tried, showed plainly that the situation had become in-

sufferable, The Union Civica then decided to make a
bold bid for freedom by attempting forcibly to eject

Celman and his clique from office.

On the night of the 26th of July, 1890, the Union
Civica called its members to arms. It was joined by
some regiments of the regular army, and received the

support of the fleet. Barricades were thrown up in the*

principal streets, and the surrounding houses were occupied

by the insurgents. Two days of desultory street fighting
|

ensued, during which the fleet began to bombard the city, i

but was compelled to desist by the interference of foreign
;

men-of-war, on the ground that the bombardment was
causing unnecessary damage to the life and property of

non-combatants. A suspension of hostilities then took
place and negotiations were opened between the contending
parties. Celman, acting under the advice of General
Roca, who recognized the strength of public opinion in the

outbreak and foresaw a more powerful movement looming
in the distance, placed his resignation in the hands of

congress on the 31st of July. A scene of immense enthusi-

asm followed, and Buenos Ayres was en fiU for the
following three days. Vice-President Carlos Pellegrini

succeeded to the office vacated by Juarez Celman and to
the administrative confusion resulting from the iniquitous
methods of conducting public affairs during the previous
four years.

Great expectations were formed of the ability of
President Pellegrini to establish a sound Administration
and to introduce a system of government ensuring the
peace and progress of the Republic. General Roca
tendered his services for the duties of Minister of the
Interior, and his influence in the provinces was of very
great assistance to the national authorities. Dr Vicente
Lopez undertook the post of Minister of Finance, an onerous
task in view of the fcancial complications resulting from
the previous reckless extravagance. In short, all the most
respectable elements in the jpountry showed willingness to
co-operate in the restoration of a normal condition of
affairs and the establishment of political order, but the
result did not come up to public expectation. Pellegrini
proved a failure. Of great natural intelligence, and with
the advantages of a sound education at Harrow, combined
with much- charm of manner and widespread personal
popularity, he showed himself during his term of office
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merely a politician, with no genuine statesmanlike qualities.

The new Government made no attempt to initiate a
strong policy of reform in administration or finance

3
it

became a Government of expedients, drifting helplessly on
a sea of financial troubles, and seeking merely to prevent
serious political disturbances. This unsatisfactory state ot

affairs aroused the hostility of the Radical wing of the
Union Civica, and Dr Alem preached far and wide the
doctrine of opposition to the Government and the necessity
of reform in the methods of administering the country.

The more conservative section of the Union Civica refused
to join in this opposition movement, and Dr Alem was
arrested and exiled.

In 1892, Pellegrini’s term of office expired and a suc-

cessor had to be chosen. General Bartolome Mitre was
proposed by the Buenos Ayres faction as their candidate.

He had been absent from Argentina on a journey to

Europe, and it was on his return in April, 1891, when
a popular reception was given to him at which 50,000
persons attended, that he had formally accepted the

candidacy for the presidential office. His partisans found
themselves confronted by a compact provincial party who
proposed to put forward General Roca, or, failing his

acceptance, some other representative to oppose the Buenos
Ayres candidate. There was no doubt that if both sides

persisted in the struggle on the lines indicated a civil war
must inevitably result. General Mitre disapproved of any
measures likely to involve bloodshed and sought to

effect a compromise. A meeting between him and General
Roca resulted in an acuerdo, by which the two generals

agreed to support a neutral candidate having no direct

connexion with either of the political parties. The final

selection for the candidacy fell upon Dr Saenz Pena, a Judge
of the Supreme Court, and a man universally respected, who
had never taken part in political life. In May, 189^ the

presidential elections were held; Dr Saenz Pena was
declared duly elected, and Senor Uriburu, then Argentme
Minister in Chile, was chosen as Vice-President.

The idea of President Saenz Pena was to conduct the

government on common-sense and business-like lines.

He had no political training, no pohtical party in Congress

to support him
3
he was simply a straightforward, honour-

able man trying to do his duty in a position which had been

forced upon him, and was in no sense of the word of his

own seeking. No sooner was he installed in office than

difficulties began to crop up on all sides, and he quickly

discovered that no help could be expected from the two

political factions which had brought him into power to suit

their own convenience. To govern without a majority in

Congress was a practical impossibility, and before twelve

months of the presidential term had run public affairs had

drifted to a deadlock. This was the opportunity of Dr
Alem, the Radical leader of the Union Civica, and he

was not slow to profit by the occasion. Embittered by

his treatment in 1892, he openly preached the advisa-

bility of an armed rising and the overthrow of the existing

I

Administration. The unscrupulous acts of corruption on

I the part of Dr Julio Costa, then Governor of the province

I

of Buenos Ayres, strengthened the movement. A number

of officers of the naval and military forces agreed to lend

assistance to the revolutionary outbreak, and towards the

end of July, 1893, matters came to a head. The popula-

tion of the province of Buenos Ayres assembled in armed

bodies with the avowed intention of turning the Governor

out of office and electing in his stead a man who would

give them a just Administration. At the commencement
of the movement, Governor Costa imagined himself strong

enough to hold his own with the aid of his police

and several battalions of provincial troops quartered

at La Plata 3
but as the insurrection spread he
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appealed for aid to the National Government. President

Saenz Pena professed to doubt his authority to interfere

in provincial affairs, and deliberated for many days before

he took action in the matter. Eventually, the interven-

tion of the National Government was decided upon, and
troops were despatched to the scene of the disturbance; but
there was no serious fighting. Negotiations were soon
opened, and resulted in the resignation of Governor Costa
and the dispersal of the armed insurrectionary forces.

While these political disturbances were in progress in

Buenos Ayres, another revolutionary rising took place in

the province of Santa F^. Dr Alem, preaching his gospel

of a reform of the national Administration, induced a
number of his co-religionists of the Union Civica to take
up arms. Several military and naval officers joined the
movement, and a gunboat and one or two torpedo boats

were seized by the insurgents. The scene of the insurrec-

tion was the vicinity of Bosario, and this city was in

possession of the insurgents for a few days. After a few
skirmishes, the revolt was suppressed by the national

authorities in September, 1893, and Dr Alem and the

other conspirators were captured. He and his civilian

friends were sentenced to banishment to Staten Island

during the pleasure of the Federal Government, and were
immediately transported to that isolated spot. Of the

naval and military officers, some were condemned to be
shot and the others to serve various terms of imprisonment.

This severity on the part of the Court-martial brought
about fresh troubles. President Saenz Pena was deter-

mined that the sentences should be carried out. Con-
gress was equally decided that the death penalty should

not be inflicted. The Ministry at first supported the

President in a half-hearted manner and then deserted

him as the opposition in the Chambers gathered strength.

The struggle between Congress and the Executive con-

tinued for some weeks, the former refusing to vote the

Budget or any supplies unless the President conformed
to the desires of the Chambers in the matter of the officers

implicated in the Santa Fe outbreak. On the 21st of

January, 1895, the President found his position no longer

tenable, and preferred to resign rather than act against

his convictions. That the government of Dr Saenz Pena
was weak and vacillating is not to be gainsaid

;
but he

himself was honest in his intention of doing his duty in

the trust confided to him, and the chief cause of his

unpopularity was probably the fact that he belonged to

no distinct political party and consequently commanded no
following among the members of Congress. His resigna-

tion was at once accepted by the Chambers, and
the Vice-President, Dr Uriburu, became President of the

Republic for the remainder of the period of six years for

which Dr Saenz Pena had been elected in 1892.

President Uriburu was neither a politician nor a states-

man
; he had spent the greater portion of his life abroad in

the Argentine diplomatic service, and could count on no
political following in his own country. It was, indeed, on
account of his belonging to no political party that he had
been elected Vice-President. During his term of office

the boundary question with Chile was the subject which
chiefly attracted public attention. Internal politics were

dwarfed in comparison with this important issue. The
strain on both Governments was extremely severe. On
both sides, from time to time, the populace clamoured
for an appeal to arms. The resources of both countries

were squandered in military preparations, and the National

Guards were called out and constantly drilled in order to be
ready in case of an emergency. In August, 1898, matters

reached a climax. The choice lay between war and arbitra-

tion. The tendency of both nationswas to decide the dispute

by force of arms, but wiser counsels finally prevailed and
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arbitiation was agreed upon. The question ot the Puna
of Atacama was referred to a tribunal composed of the

United States Minister to Argentina, one .Argentine and
one Chilian delegate; that of the southern territory iu

Patagonia was referred to the ‘British Crown. The
decision of the representative of the United States was
given in April, 1899. Although the Chilians professed

to be dissatisfied with the award, no active opposition was
raised and the terms were duly notified. Up to the end
of 1901 the decision of the Arbitration Commission
appointed by the British Government had not been given.

Further details regarding certain points were required,

and, in order to obtain these, Argentine and Chilian ex-

peditions were sent to Patagonia. In view of the occupa-

tion of Ultima Esperanza, part of the disputed territory,

by Argentine colonists, the Governments of Chile and
iigentina signed a protocol on 27th December agreeing

to take no aggressive action, and to instruct the local

authorities to maintain the previous position. No other

boundary disputes can now arise, as the question with

Brazil was settled by the award of President Cleveland

in 1894, and subsequently accepted and ratified by the

Argentine and Brazilian Governments.
In 1898 there was again a presidential election. Public

opinion, excited by the prospect of a war with Chile,

naturally supported the candidature of General Roca, and
he was elected without opposition (12th October, 1898).

Before he had been many weeks in office he arranged to

meet the President of the Chilian Eepublic in the Strait

of Magellan, and held a conference with him which
confirmed the amicable solution of the frontier question.

In his Message to Congress on the 1st of May, 1899,

General Boca spoke strongly of the immediate necessity

of a reform in the methods of administering justice, the

expediency of a revision of the electoral law, and the im-

perative need of a reconstruction of the Department of

Public Instruction. Justice, he said, had come to so low
a level as to be practically non-existent. Of the necessity

of electoral reform the following may serve as an illustra-

tion :—In March, 1899, elections were held for Deputies

for the Provincial Chamber of Buenos Ayres, and resulted

in the return of a substantial majority opposed to the

Governor, They were at once annulled, and at the new
elections the supporters of the Governor had a decided

majority. On 31st August of the same year, President

Boca sent to Congress a series of proposals for dealing

with the currency question and certain branches of finance

connected with the national revenue and expenditure.

The scheme included the conversion of the currency at

the rate of 44 cents gold for each paper dollar. The
President declared that he was determined to make every

effort to reduce the national expenditure, adding that the

object of fixing the rate of the relation of gold to currency

was to do away with the violent fluctuations in the value

of the paper dollar, which caused so much damage to

commerce and all classes of industry. In spite of the

adverse feeling which prevailed in many quarters, the

Conversion Bills were passed by the Senate and the

Chamber of Deputies, and became law on 6th November.

In 1900 considerable anxiety was caused in Argentina

by what was regarded as the aggressive attitude of Chile

towards Bolivia. Dr Campos Salles, the President of

I

Brazil, paid a visit to Buenos Ayres in October and was

very warmly received. The result of the conversations

between the two Presidents was an understanding that

instructions should be sent to all Argentine and Brazilian

representatives abroad to lose no opportunity to advocate

the maintenance of peace in South America, and to dis-

countenance the idea of any South American Government

acquiring an extension of territory by force of arms.
• «
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The city and province of Buenos Ayres have been rapidly

recovering by natural causes the political predominance

which they lost in 1880. Eepresentation in the Argentme

Congress is accorded to the various provinces in proportion

to their population. Until 1895 the number of seats in

the Chamber of Deputies was based upon the census of

1869, which gave the provinces a large majority over the

city and province of Buenos Ayres. Under the census of

1895 the increase of population in Buenos Ayres entitled

the capital and province to a greater number of seats, and

no fewer than 47 members for city and province together

N—A E, G o N
are returned out of the total number of 116 for the whol&
Republic.

The chief political quesuon agitating the people of

Argentina is that of heavy protective duties as against a
moderate tariff—practically, protection verms free trade.

The farmers of all classes, agricultural and pastoral,

demand a reduction of the tariff; while the manu-
facturers of sugar and other articles, which thrive only
in consequence of the prohibitive duties, use all their poli-

tical influence to maintain the existing system.

(u. E. A.)

AfgferitOII, a town of France, in the arroiidissement

of Ch§.teauroux, department of Indre, on the R. Creuse, 18

miles S.S.W. of Chateauroux on the railway to Le Blanc.

Excellent wine is produced
;
tanning, the manufacture of

boots and shoes, and linen goods, are leading industries.

The actual site of the ancient Argentomagus lies a little to

the north, and is occupied by St Marcel. Population

(1881), 5167
; (1891), 5503; (1901), 6281, (comm.) 5978.

Arg'Ofl«—For more than a hundred years before 1894

it had been supposed that the composition of the atmosphere

was thoroughly known. Beyond variable quantities of

moisture and traces of carbonic acid, hydrogen, anamonia,

&c., the only constituents recognized were nitrogen and
oxygen. The analysis of air was conducted by determining

the amount of oxygen present and assuming the remainder

to be nitrogen. Since the time of Cavendish no one seemed
even to have asked the question whether the residue was,

in truth, all capable of conversion into nitric acid.

The manner in which this condition of complacent ignor-

ance came to be disturbed, is instructive. Observations

undertaken mainly in the interest of Prout’s law, and ex-

tending over many years, had been conducted to determine

afresh the densities of the principal gases—hydrogen,

oxygen, and nitrogen. In the latter case, the first pre-

parations were according to the convenient method devised

by Vernon Harcourt, in which air charged with ammonia
is passed over red-hot copper. Under the influence of the

heat the atmospheric oxygen unites with the hydrogen of

the ammonia, and when the excess of the latter is removed
mth sulphuric acid, the gas properly desiccated should be
pure nitrogen, derived in part from the ammonia, but
principally from the air. A few concordant determina-

tions of density having been effected, the question was at

first regarded as disposed of, until the thought occurred
that it might be desirable to try also the more usual
method of preparation in which the oxygen is removed
by actual oxidation of copper without the aid of ammonia.
Determinations made thus were equally concordant among
themselves, but the resulting density was about
greater than that found by HarcourPs method (Rayleigh,
AfaUre, vol. xlvi. p. 512, 1892). Subsequently when
oxygen was substituted for air in the first method, so that
all (instead of about one-seventh part) of the nitrogen was
derived from ammonia, the difference rose to one-half per
cent. Further experiment only brought out more clearly
the diversity of the gases hitherto assumed to be identical.

Whatever were the means employed to rid air of ac-
companying oxyge^ a uniform value of the density was
arrived at, and this value was one-half per cent, greater
than that appertaining to nitrogen extracted from com-
pounds such as nitrous oxide, ammonia, and ammonium
nitrite. No impurity, consisting of any known substance,
could be discovered capable of explaining an excessive
weight in the one case, or a deficiency in the other.
Storage fop eight months did not disturb the density of

the chemically extracted gas, nor had the silent electric

discharge any influence upon either quality. (“On an
Anomaly encountered in determining the Density of Nitro-

gen Gas,'’ Free, Boy, Soc., April 1894.)

At this stage it became clear that the complication

depended upon some hitherto unknown body, and prob-

ability inclined to the existence of a gas in the atmosphere
heavier than nitrogen, and remaining unacted upon during
the removal of the oxygen—a conclusion afterwards fully

established by Rayleigh and Ramsay. The question which
now pressed was as to the character of the evidence for

the universally accepted view that the so-called nitrogen

of the atmosphere was all of one kind, that the nitrogen

of the air was the same as the nitrogen of nitre. Refer-

ence to Cavendish showed that he had already raised this,

question in the most distinct manner, and indeed, to a certain

extent, resolved it. In his memoir of 1788 he writes :

—

As far as the experiments hitherto published extend, ve scarcely

know more of the phlogisticated pait of our atmosphere than that

it is not diminished by lime-\vater, caustic alkalies, or nitious an ;

that it is unfit to support fire or maintain life in animals
;
and

that its specific giavity is not much less than that of common ah
;

so that, though the nitrous acid, by being united to phlogiston,

is converted into air possessed of these propeities, and conse-

quently, though it \\as reasonable to suppose, that part at leabt

of the phlogisticated air of the atmospheie consists of this acid

united to phlogiston, yet it may faiily be doubted whether the

whole is of this kind, or whether there are not in reality many
diffeient substances confounded together by us under the name of

phlogisticated air. I therefore made an experiment to deternnno
whethei the whole of a given portion of the phlogisticated an of

the atmospheie could be reduced to nitious acid, or whether theie

was not a part of a different natuie to the rest which would le-

fuse to undeigo that change. The foregoing experiments indeed,

in some measure, decided this point, as much the greatest part of

air let up^into the tube lost its elasticity
;
yet, as some remained

unabsorbed, it did not appear for ceitain whether that was of the

same nature as the rest or not. For this purpose I diminished a

similar mixture of dephlogisticated [oxygen] and common aii, in

the same mannei as before [by spaiks over alkali], till it w’as re-

duced to a small pait of its original bulk. I then, in order to

decompound as much as I could of the phlogisticated air [nitro-

gen] which remained in the tube, added some dephlogisticated

air to it and continued the spark until no further diminution took

place. Having by these means condensed as much as I could of

the phlogisticated air, I let up some solution of liver of sulphur to

absorb the dephlogisticated air
;
after which only a small bubble of

air remained unabsorbed, which certainly was not more than

of the bulk of the dephlogisticated air let up into the tube ;
so that,

if there be any pait of the dephlogisticated air of our atmosphere

which differs from the rest, and cannot be reduced to nitrous acid,

we maysafelyconclude thatitis not morethan li-o- part ofthe whole.

Although, as was natural, Cavendish was satisfied with

his result, and does not decide whether the small residue

was genuine, it is probable that his residue was really of

a different kind from the main bulk of the “phlogisticated

air,” and contained the gas afterwards named Argon.

The announcement to the British Association in 1894 by

Rayleigh and Ramsay of a new gas in the atmosphere was

received with a good deal of scepticism. Some doubted

the discovery of a new gas altogether, while others denied

that it was present in the atmosphere. Yet there was*
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nothing inconsistent with any previously ascertained fact

in the asserted presence of 1 per cent, of a non-oxidizable

gas about half as heavy again as nitrogen. The nearest

approach to a difficulty lay in the behaviour of liquid air,

from which it was supposed, as the event proved errone-

ously, that such a constituent would separate itself in the
solid form. The evidence of the existence of a new gas
(named Argon on account of its chemical inertness), and a
statement of many of its properties,, were communicated to

the Eoyal Society (see FhiL Trans, clxxxvi. p. 187) by the

discoverers in January 1895. The isolation of the new
substance by removal of nitrogen from air was effected by

two distinct methods. Of these the first is merely a

development of that of Cavendish. The gases were con-

tained in a test-tube A (Fig. 1) standing over a large

quantity of weak alkali B, and the current was conveyed

in wires insulated by U-shaped glass tubes CO passing

through the liquid and round the mouth of the test-tube.

The inner platinum ends DD of the wire may be sealed

into the glass insulating tubes, but reliance should not be

placed upon these sealings. In order to secure tightness

in spite of cracks, mercury was placed in the bends.

With a battery of five Grove cells and a Euhmkorff coil of

medium size, a somewhat short spark, or arc, of about

5 mm. was found to be more favourable than a longer one.

When the mixed gases were in the right proportion, the

rate of absorption was about 30 c.c. per hour, about thirty

times as fast as Cavendish could work with the electrical

machine of his day. Where it is available, an alternating

electric current is much superior to a b£|.ttery and break.

This combination, introduced by Spottiswoode, allows the

absorption in the apparatus of Fig. 1 to be raised to about
80 C.C. per hour, and the method is very convenient for

the purification of small quantities of Argon and for

determinations of the amount present in various samples

of gas, e.g.^ in the gases expelled from solution in water,

A convenient adjunct to this apparatus is a small volta-

meter, with the aid of which oxygen or hydrogen can be
introduced at pleasure. The gradual elimination of the

nitrogen is tested at a moment’s notice with a miniature

spectroscope. For this purpose a small Leyden jar is

connected as usual to the secondary terminals, and if

necessary the force of the discharge is moderated by the

insertion of resistance in the primary circuit. When with
a fairly wide sht the yellow line is no longer visible, the

residual nitrogen may be considered to have fallen below
2 or 3 per cent. During this stage the oxygen should be
in considerable excess. When the yellow line of nitrogen

has disappeared, and no further contraction seems to be
in progress, the oxygen may be removed by cautious

introduction of hydrogen. The spectrum may now be
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further examined with a more powerful instrument. The
most conspicuous group in the Argon spectrum at atmo-
spheric pressure is that first recorded by Schuster (Fig. 2).

Water vapour and excess of oxygen in moderation do
not interfere seriously with its visibility. It is of interest

to note that the Argon spectrum may be fully developed

by operating upon a miniature scale, starting with only

5 C.C. of air {Phil. Mag. vol. i, p. 103, 1901).

The development of Cavendish’s method upon a large

scale involves arrangements different from what would at

first be expected. The transformer working from a public

supply should give about 6000 volts on open circuit,

although when the electric flame is established the voltage

on the platinums is only from 1600 to 2000. No sufficient

advantage is attained by raising the pressure of the gases

above atmosphere, but a capacious vessel is necessary.

This may consist of a glass sphere of 50 litres’ capacity,

into the neck of which, presented downwards, the necessary

tubes are fitted. The whole of the interior surface is

washed with a fountain of alkali, kept in circulation by
means of a small centrifugal pump. In this apparatus,

and with about one horse-power utilized at the transformer,

the absorption of gas is 21 litres per hour (“ The Oxida-

tion of Nitrogen Gas,” TraTis. Ghem. Soc.^ 1897).

In one experiment, specially undertaken for the sake

of measurement, the total air employed was 9250 c.c.,

and the oxygen consumed, manipulated with the aid of

partially de-aerated water, amounted to 10,820 c.c. The
oxygen contained in the air would be 1942 c.c.

;
so that

the quantities of atmospheric nitrogen and of total oxygen

which enter into combination would be 7308 c,c. and

12,762 c.c. respectively. This corresponds to N+ 1*75 O,

the oxygen being decidedly in excess of the proportion
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required to form nitrous acid. The Argon ultimately

found was 75*0 c.c., or a little more than 1 per cent, of

the atmospheric nitrogen used, A subsequent determina-

tion over mercury by Kellas (Proc. Roy, Soc. lix. p. 66,

1895) gave 1*186 c.c. as the amount of Argon present in

100 c.c. of mixed atmospheric nitrogen and Argon. In

the earlier stages of the inquiry, when it was important to

meet the doubts which had been exprevssed as to the

presence of the now gas in the atmosphere, blank experi-

ments were executed in which air was replaced by nitrogen

from ammonium nitrite. The residual Argon, derived

doubtless from the water used to manipulate the gases,

was but a small fraction of what would have been obtained

from a corresponding quantity of air.

The other method by which nitrogen may be absorbed

on a considerable scale is by the aid of magnesium. The
metal in the form of thin turnings is charged into hard

glass or iron tubes heated to a full red in a combustion

furnace. Into this air, previously deprived of oxygen by
red-hot copper and thoroughly dried, is led in a continuous

stream. At this temperature the nitrogen combines with

the magnesium, and thus the Argon is concentrated. A
still more potent absorption is afforded by calcium, pre-

pared m sitif, by heating a mixture of magnesium dust

with thoroughly dehydrated quick-lime. The density of

Argon, prepared and purified by magnesium, was found by
Professor Bamsay to be 19*941 on the 0 = 16 vscale. The
volume actually weighed was 163 c.c. Subsequently

large-scale operations with the same apparatus as had
been used for the principal gases gave an almost

identical result (19*940) for Argon prepared with oxygen.

Argon is soluble in water at 12° C. to about 4*0 per cent.,

that is, it is about 2J times more soluble than nitrogen.

We should thus expect to find it in increased proportion

in the dissolved gases of rain-water. Experiment has

confirmed this anticipation. The weight of a mixture of

Argon and nitrogen prepared from the dissolved gases

showed an excess of 24 mg, over the weight of true

nitrogen, the corresponding excess for the atmospheric

mixture being only 11 mg. Argon is contained in the

gases liberated by many thermal springs, but not in

special quantity. The gas collected from the King’s

Spring at Bath gave only one-half per cent., i.e., half the

atmospheric proportion.
' The most remarkable physical property of Argon relates

to the constant known as the ratio of specific heats. When
a gas is warmed one degree, the heat which must be sup-

plied depends upon whether the operation is conducted at

a constant volume or at a constant pressure, being greater

in the latter case. The ratio of specific heats of the
principal gases is 1*4, which, according to the kinetic

theory, is an indication that an important fraction of the
energy absorbed is devoted to rotation or vibration. If,

as for Boscovitch points, the whole energy is translatory,

the ratio of specific heats must be 1*67. This is precisely

the number found from the velocity of sound in Argon as
determined by Kundt’s method, and it leaves no room for
any sensible energy of rotatory or vibrational motion.
The same value had previously been found for mercury
vapour by Kundt and Warburg, and had been regarded
as confirmatory of the monatomic character attributed on
chemical grounds to the mercury molecule. It may be
added that helium has the same character as Argon in
respect of specific heats (Ramsay, Proc. Bov. Soc. 1, p.

86, 1895),
^

The refractivity of Argon is *961 of that of air. This
low refractivity is noteworthy as strongly antagonistic to
the view at one time favoured by eminent chemists that
Argon was a condensed form of nitrogen represented by
Ng. The viscosity of Argon is 1*21, referred to air, some-

O N
what higher than for oxygen, which stands at the head of

the list of the principal gases (“ On some Physical Pro-

perties of Argon and Helium,” Proc. Boy. Soc. vol. lix

p. 198, 1896).

The spectrum shows remarkable peculiarities. Accord-
ing to circumstances, the colour of the light obtained from
a Plucker vacuum tube changes ‘‘from red to a rich steel

blue,” to use the words of Crookes, who first described

the phenomenon. A third spectrum is distinguished by
Eder and Valenta. The red spectrum is obtained at

moderately low pressures (5 mm.) by the use of a
Ruhmkorif coil without a jar or air-gap. The red lines

at 7056 and 6965 (Crookes) are characteristic. The blue

spectrum is best seen at a somewhat lower pressure

(1 mm. to 2*5 mm.), and usually requires a Leyden jar to

be connected to the secondary terminals. In some con-

ditions very small causes effect a transition from the one

spectrum to the other. The course of electrical events

attending the operation of a Ruhmkorfi coil being

extremely comx>licated, special interest attaches to some
experiments conducted by Trowbridge and Richards, in

which the source of power was a secondary battery of 5000
cells. At a pressure of 1 mm. the red glow of Argon was
readily obtained with a voltage of 2000, but not with
much less. After the discharge was once started, the

difference of potentials at the terminals of the tube varied

from 630 volts upwards.

The introduction of a capacity between the terminals of the
Geissler tube, for example two plates of metal 1600 sq. cm. in

area separated by a glass plate 1 cm. thick, made no difference in

the red glow so long as the connexions were good and the con-

denser was quiet. As soon as a spark-gap was introduced, or the
condenser began to emit the humming sound peculiar to it, the
beautiful blue glow so characteristic of Argon immediately
appeared. (JPhiL Mag. xliii. p. 77, 1897.)

The behaviour of Argon at low temperatures was investi-

gated by Olszewski (Phil. Trans.^ 1895, p. 253). The
following results are extracted from the table given by
him :

—

Name
Cntical

Temperature,
Cent.

Critical

Pressure,
Atmos.

Boiling
Point,
Cent.

Freezing
Point,
Cent.

Nitrogen . -- 146-0 35*0 -194-4 -214*0
Argon -121-0 50*6 -187-0 -189-6

Oxygen . -118-8 50-8 - 182-7 2

The smallness of the interval between the boiling and

freezing points is noteworthy.

From the manner of its preparation it was clear at an

early stage that Argon would not combine with magnesium
or calcium at a red heat, nor under the influence of the

electric discharge with oxygen, hydrogen, or nitrogen.

Numerous other attempts to induce combination also

failed. Nor does it appear that any well-defined compound
of Argon has yet been prepared. It was found, however,

by Berthelot that under the influence of the silent electric

discharge, a mixture of benzole vapour and Argon under-

went contraction, with formation of a gummy product

from which the Argon could be recovered.

The facts detailed in the original memoir led to the

conclusion that Argon was an element or a mixture of

elements, but the question between these alternatives was

left open. The behaviour on liquefaction, however,

seemed to prove that in the latter case either the propor-

tion of ^he subordinate constituents was small, or else that

the Various constituents were but little contrasted. An
attempt, somewhat later, by Ramsay and Collie to separate

Argon by diffusion into two parts, which should have

different densities or refractivities, led to no distinct effect.

More recently Ramsay and Travers have obtained evidence

of the existence in the atmosphere of three new gases,
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besides helium, to which have been assigned the names of

Keon, Krypton, and Xenon. These gases agree with

Argon in respect of the ratio of the specific heats and in

being non-oxidizable under the electric spark. As origin-

ally defined, Argon included small proportions of these

gases, but it is now preferable to limit the name to the

principal constituent and to regard the newer gases as
“ companions of Argon.’’ The physical constants associated

with the name will scarcely be changed, since the propor-

tion of the “ companions ” is so small. Professor !l^msay
considers that probably the volume of all of them taken

together does not esceed :j^th part of that of the Argon.

The latest information with respect to the physical pro-

])ertie^ of these gases is conveyed in the following table

[Froc. Roy. Soc. 67, p. 331, 1900) :

—

Helium. Neon. Argon, Krypton. Xenon.

Refractivities •1238 •2345 968 1*449 2*364

(air=l)

Densities 1*98 9-97 19-96 40-88 64

(0=16)
Boiling poinfB t 2 86 ‘9® 121-33® 163*9®

at 760 mm. abs. abs. abs.

Critical temper- 2 below 155*6® 210-5® 287*7®

atures 68® abs. abs. abs. abs.

Critical pres- ! 2 40*2 41*24 43*5

sures metres. metres. metres.

Weight of Ic.c ? 2 1-212 2-155 3*62

of liquid gm. gm. gm.

The glow obtained in vacuum tubes is highly charac-

teristic, whether as seen directly or as analysed by the

spectroscope, (it.)

Argues.—Recent investigation has added consider-

ably to our knowledge concerning the Argive Herseum or

Heraion, the temple of Hera, which stood, according to

Pausanias, on one of the lower slopes of Euboea,” The
term Euboea did not designate the eminence upon which
the Herseum is placed, or the mountain -top behind the

Her^Bum only, but, as Pausanias distinctly indicates, the

group of foothills of the hilly district adjoining the

mountain. When once we admit that this designated not

only the mountain, which is 532 metres high, but also the

hilly district adjoining it, the general scale of distance for

this site grows larger. The territory of the Heraeum was
divided into three parts, namely Euboea, Akraia, and
Prosymna. Pausanias tells us that the Herseum is 15

stadia from Mycense. Strabo, on the other hand, says

that the Herseum was 40 stadia from Argos and 10 from

Mycense. Both authors underestimate the distance from

Mycense, which is about 25 stadia, or a little more than

3 miles, while the distance from Argos is 45 stadia, or a

little more than 5 miles. The distance from the Herseum
to the ancient Midea is slightly greater than to Mycense,

while that from the Herseum to Tiryns is about 6 miles.

The Argive Herseum was the most important centre of

Hera and Juno worship in the ancient world
;

it always

remained the chief sanctuary of the Argive district, and
was in all probability the earliest site of civilized life in

the country inhabited by the Argive people. In fact,

whereas the site of Hissarlik, the ancient Troy, is not in

Greece proper, but in Asia Minor, and can thus not furnish

the most direct evidence for the earliest Hellenic civiliza-

tion as such ; and whereas Tiryns, Mycense, and the city

of Argos, each represent only one definite period in the

successive stages of civilization, the Ar^ve Herseum,

holding the central site of early civilization in Greece

proper, not only retained its importance during the three

periods marked by the supremacy of Tiryns, Mycense, and

the city of Argos, but in all probability antedated them
as a centre of civilized Argive life. These conditions

alone account for the extreme archseological importance of

this ancient sanctuary.

According to tradition the Herseum was founded by
Phoroneus at least thirteen generations before Agamemnon
and the Achseans ruled. It is highly probable that before

it became important merely as a temple, it was the fortified

centre uniting the Argive people dwelling in the plain, the

citadel which was superseded in this function by Tiryns.

There is ample evidence to show that it was the chief

sanctuary during the Tirynthian period. When Mycen©
was built under the Perseides it was still the chief sanctuary

for that centre, which superseded Tiryns in its dominance
over the district, and which this temple clearly antedated

in construction. According to the JDictis Cretensis, it

was at this Herseum that Agamemnon assembled the

leaders before setting out for Troy. In the period of

Dorian supremacy, in spite of the new cults which were
introduced by these people, the Herseum maintained its

supreme importance : it was here that the tablets recording

the succession of priestesses were kept which served as

a chronological standard for the Argive people, and even

far beyond their borders; and it was here that Pheidon

deposited the ohelishoi when he introduced coinage into

Greece.

We learn from Strabo that the Herseum was the joint

sanctuary for Mycenae and Argos. But in the 5th century

the city of Argos vanquished the Mycenaeans, and from
that time onwards the city of Argos becomes the political

centre of the district, while the Heraeum remains the

religious centre. And when in the year 423 b.c., through
the negligence of the priestess Chryseis, the old temple

was burnt down, the Argives erected a splendid new
temple, built by Eupolemos, in which was placed the

great gold and ivory statue of Hera, by the sculptor

Polycleitus, the contemporary and rival of Phidias, which
was one of the most perfect works of sculpture in anti-

quity, Pausanias describes the temple and its contents

(ii. 17), and in his time he still saw the ruins of the older

burnt temple above the temple of Eupolemos.

All these facts have been verified and illustrated by the

excavations of the American Archaeological Institute and School

of Athens, which were earned on from 1892 to 1895. In 1854
Ehangabd made tentative excavations on this site, digging a trench

along the north and east sides of the second temple. Of these

excavations no trace was to be seen when those of 1892 were begun.

The excavations have shown that the sanctuary, instead of con-

sisting of but one temple with the ruins of the older one above it,

contained at least eleven separate buildings, occupying an aiea ot

about 300 metres by 100 metres.

On the uppermost terrace, defined by the great Cyclopean sup-

porting wall, exactly as described by Pausanias, the excavations

revealed a layer of ashes and charred wood, below which were

found numerous objects of earliest date, togetherwith some remains

of the walls resting on a polygonal platform—all forming part of

the earliest temple. Immediately adjoining the Cyclopean wall ^

and below it were found traces of small houses of the ludest, earliest

masonry which are pre-Mycenaean, if not pre-Cyciopean.

We then descend to the second terrace, in the centre of which
the substructure of the great second temple was revealed, together

with so muclx of the walls, as well as the several architectural

members forming the superstructure, that it will be possible for

the architects to design a complete restoration of the temple. On
the northern side of this terrace, between the second temple and
the Cyclopean supporting wall, a long stoa or colonnade runs from

east to west abutting at the west end in structures which evidently

contained a well-house and waterworks ; while at the eastern end

of this stoa a number of chambers were elected against the hill,

in front of which were placed statues and inscriptions, the bases

for which are still extant. At the easternmost end of this second

terrace a large hall with three rows of columns in the interior, with

a porch and entrance at the west end facing the temple, is built

upon elaborate supporting walls of good masomy.
Below the second terrace at the south-west end a large and

complicated building, with an open courtyard surrounded on three
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sides Tjy a colonnade and with chambers opening out towards

^

the

noith, may have served as a gymnasium or a sanatorium. It is of

good early Greek architecture, earlier than the second temple. A
curious, ruder building to the noi th of this and to the west of the

second terrace is probably of much earlier date, perhaps of the

Mycenaean period, and may have served as propylsea.

Immediately below the second temple, at the toot of the elevation

on which this temple stands, towards the south, and thus facing

the city of Argos, a splendid stoa or colonnade, to which large

flights of steps lead, was erected about the time of the building of

the second temple. It is a part of the great plan to give worthy

access to the temple from the city of Argos. To the east of this

large flights of steps lead up to the temple proper.

At the western extremity of the whole site, immediately beside

the river bed, we again have a huge stoa running round two sides

of a square, which was no doubt connected with the functions of

this sanctua^ as a health resort, especially for women, the goddess

Hera presiding over and protecting married life and childbirth.

Finally, immediately to the north of this western stoa there is an
extensive house of Koman times also connected with baths.

While the buildings give archaeological evidence for

every period of Greek life and history from the pre-

Mycensean period down to Eoman times, the topography
itself shows that the Heraeum must have been constructed

before Mycenae and without any regard to it. The foot-

hills which it occupies form the western boundary to the

Argive plain as it stretches down towards the sea in the

GuK of Nauplia. While it was thus probably chosen as

the earliest site for a citadel facing the sea, its further

relation points towards Tiryns and Midea. It could not

have been built as the sanctuary of Mycense, which was
placed farther up towards the north-west in the hills, and
could not be seen from the Heraeum, its inhabitants again

Plajst of the Her^eum {sv/rveyed aw? drawn ly Edward L, Tilton),

I, Old Temple; II, Stoa; III, Stoa; IV, East Building; V Sth-Oentury Temple ; VI, South Stoa; VII, West Building ; VIII, North-West Building
;

IX, Roman Building ; X, Lower Stoa ; XI, Phylakeion ; A, B, C, D, B, P, Cisterns.

not being able to see their sanctuary. The west building,

the traces of bridges and roads, show that at one time it

did hold some relation to Mycense; but this was long
after its foundation or the building of the huge Cyclopean
supporting wall which is coeval with the waUs of Tiryns,
these again being earlier than those of Mycense. There
are, moreover, traces of still more primitive walls, built
of rude small stones placed one upon the other without
mortar, which are in character earlier than those of Tiryns,
and have their parallel in the lowest layers of Hissarlik.

Bearing out the evidence of tradition as well as archi-
tecture, the numerous finds of individual objects in terra-

cotta figurines,
^

vases, bronzes, engraved stones, &c., point
to organized civilized life on this site many generations
before Mycense was built, fortiori before the life as
depicted by Homer flourished—^nay, before, as tradition
has it, under Proetus the walls of Tiryns were erected.
We are aided in forming some estimate of the chrono-
lo^cal sequence preceding the Mycenean age, as suggested
Ijy the finds of the Herseum, in the new distribution which
Ddrp^feld

^

has been led to make of the chronological
stratification of Hissarlik in his most recent excavations

of that site. For the layer, which he now assigns to the

Mycenaean period, is the sixth stratum from below. How,
as some of the remains at the Herseum correspond to the

two lowest layers of Hissarlik, the evidence of the Argive

temple leads us far beyond the date assigned to the

Mycenaean age, and at least into the second millennium b.c.

(see also Kycenman Civilization).

This sanctuary still holds a position of central import-

ance as illustrating the art of the highest period in Greek

history, namely, the art of the 5th century b.o. under the

great sculptor Polycleitus. Though the excavations in the

second temple have clearly revealed the outlines of the base

upon which the great gold and ivory statue of Hera stood,

it is needless to say that no trace of the statue itself has

been found. From Pausanias we learn that “ the image

of Hera is seated and is of colossal size : it is made of

gold and ivory, and is the work of Polycleitus.” Based

on the computations made by the architect of the American

excavations, Mr Tilton, on the ground of the height of

the nave, the total height of the image, including the base

and the top of the throne, would be about 8 metres, the

seated figure of the goddess herself about 5'50 metres.
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It is probable that the face, neck, arms, and feet were of

ivory, while the rest of the figure was draped in gold.

Like the Olympian Zeus of Phidias, Hera was seated on

an elaborately decorated throne, holding in her left hand
the sceptre, surmounted in her case by the cuckoo (as that

ot Zeus had an eagle), and in her right, instead of an
elaborate figure of Victory (such as the Athene Parthenos

and the Olympian Zeus held), simply a pomegranate. The
crown was adorned with figures of Graces and the Seasons.

A Roman imperial coin of Antoninus Pius shows us on
a reduced scale the general composition of the figure;

while Antoninus Argive coins of the 5th century give

a fairly adequate rendering of the head. A further

attempt has been made to identify the head in a beautiful

marble bust in the British Museum hitherto known as

Bacchus (Waldstein, Journal of Hellenic Studies, vol. xxi.

1901, pp. 30 seq,).

We also learn from Pausanias that the temple was
decorated with “ sculptures over the columns, representing

some the birth of Zeus and the battle of the gods and
giants, others the Trojan war and the taking of Ilium.^’

It was formerly supposed that the phrase “over the

columns ” pointed to the existence of sculptured metopes,

but no pedimental groups. Finds made in the excavations,

however, have shown that the temple also had pedimental

groups. Besides numerous fragments of nude and draped
figures belonging to pedimental statues, a well-preserved

and very beautiful head of a female divinity, probably

Hera, as well as a draped female torso of excellent work-

manship, both belonging to the pediments, have been
discovered. Of the metopes also a great number of

fragments have been found, together with two almost

complete metopes, the one containing the torso of a nude
warrior in perfect preservation, as well as ten well-

preserved heads. These statues bear the same relation

to the sculptor Polycleitus which the Parthenon marbles

hold to Phidias; and the excavations have thus yielded

most important material for the illustration of the Argive

art of Polycleitus in the 5th century b.c.

See the official publication of the Excavations of the Argive
Hercmm', Waldsteix. Excavatio^is of the American School of
Athens at the Heraion of Argos, 1892; and numerous reports and
articles in the Arurican Archmlogical Journal since 1892.

(c.

Arg'OStoii. See Geeboe (Ionian Islaitos).

Argyll, Georg^e John Douglas Camp-
bell, 8th Duke oe (1823-1900), British statesman,

was born 30th April 1823, and succeeded his father, the

7th duke, in April 1847. He had then already obtained

notice as a writer of pamphlets on the disruption of the

Church of Scotland, which he strove to avert, and he
rapidly became prominent on the Liberal side in Parlia-

mentary politics. He was a frequent and eloquent speaker

in the House of Lords, and sat as Lord Privy Seal (1852)
and Postmaster-General (1855) in the Cabinets of Lord
Aberdeen and Lord Palmerston, In Mr Gladstone’s

Cabinet of 1868 he was Secretary of State for India,

and infelicitously signalized his term of office by his

refusal, against the advice of the Indian Government,
to promise the Ameer of Afghanistan support against

Russian aggression, a course which threw that ruler

into the arms of Russia and was followed by the second

Afghan war. With all the duke’s activity and disposition

to assert himself, this seems the only memorable political

act recorded of him, except his resignation of the office

of Lord Privy Seal, which he held in Mr Gladstone’s

Admmistration of 1880, from his inability to assent to the

Irish land legislation of 1 881 . He opposed the Home Rule
Bill with equal vigour, though Mr Gladstone subsequently

stated that, among all the old colleagues who dissented

from his course, the duke was the only one whose personal

relations with him remained entirely unchanged. De-
tached from party, the duke took an independent position,

and for many years spoke his mind with great freedom in

letters to the Times on public questions, especially such as

concerned the rights or interests of landowners. He was
no less active on scientific questions in their relation to

religion, which he earnestly strove to reconcile with the

progress of discovery. With this aim he published The
Reign of Law (1866), Primeval Man (1869), The Unity

of Naiwre (1884), and numerous essays in literary and
scientific journals. He also wrote on the Eastern Question,

with especial reference to India, the history and antiquities

of Iona, patronage in the Church of Scotland, and many
other subjects. The duke died 24th April 1900. He
was thrice married : first (1844) to a daughter of the second
duke of Sutherland {d, 1878); secondly (1881) to a
daughter of Bishop Claughton of St Albans (d. 1894) ;

and
thirdly (1895) to Ina Erskine McNeill. His eldest son,

then marquess of Lome (5. 1845), married in 1871 the

Princess Louise, fourth daughter of H.M. Queen Victoria.

Few men of the duke’s era displayed more versatility, and
as an orator he ranked very high; but his treatment of

the various themes he handled, if always impressive, was
rarely conclusive

;
and while doing something to illustrate

every subject and promote every cause which he made
his own, and retaining for a generation before he died the

deepest public respect—due not only to his career as a public

man, but also to his position as the foremost Scottish noble,

and the father-in-law of one of his Sovereign’s daughters—^he can hardly be said to have left any abiding reputation

either as politician, thinker, or man of science. (k. g.)

Argyllshire, a maritime Highland county of W.
Scotland, embracing a number of the Hebrides or Western
Isles, bounded on the N. by Inverness, on the E. by
Perth and Dumbarton, Loch Long and the Firth of Clyde,

on the S. by the Irish Sea, and on the W. by the Atlantic.

It is the second largest county in Scotland.

Area aiul Population .—In 1891 the Argyll parts of the parishes
of Kilmalhe and Small Isles were transfeiied to Inverness-shire.

According to the latest official estimate the area of the county
(foreshore excluded) is 2,026,154 acres, or about 3165 squaie
miles. The population was in 1881, 76,440 ;

in 1891, 75,003

—

on the above area, 74,086, of whom 36,292 were males and
37,793 females; on the old area, taking land only (2,056,402
acres or 3213*1 square miles), the number of persons to the
square mile in 1891 was 23, and the number of acres to the
person 27*4. In the registration county the population decreased

between 1881 and 1891 by 1*8 per cent. Between 1881 and 1891
the excess of births over deaths was 6588, and the decrease of

the resident population 1461. In 1901 the population was
73,665, a decline of 420. The following table gives particulars

of births, deaths, and marriages in 1880, 1890, and 1899 :

—

Year. Mamages. Births. Deaths.
Peicentage oi

,

Illegitimate

1880 299 2108 1557 7*9

1890 282 1803 1360 6*66

1899 1 303 1749 1338 7*6

The birth-rate, death-rate, and marriage-rate were all below
those for Scotland. The following table gives the birth-rate,

death-rate, and marriage-rate per thousand of the population for

a series of years :

—

1S80. 1881-90. 1890. 1891-98 1899.

Birth-rate . 26*13 25*24 22*69 22*09 22*46

Death-rate . 19*30 17*01 17-11 16*63 17*18

Marriage-rate 3*71 3*88 3-54 3*86 3*89

In 1891 the number of G-aelic-speaking persons in the county

was 36,014, of whom 5998 spoke Gaefic only, and there were

52 foreigners. Valuation in 1889-90, ^6431,654 ;
in 1899-1900,

£439,976.
Admmistration.—The county returns a member to parliament.

Inveraray (735) and Campbeltown (8234) are royal burghs, and

S. 1.— 79
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Oban (5S74) is a parliamentary burgh ;

all three belong to the Ayr

^Toup of parliamentary burghs. Dunoon, with Kirn and Hunter s

Quay, is the principal police burgh (6772). There are 39 civil

parishes, 26 of which are divided among four combinations of

Islay, Lochgilphead, Lorn, and Mull, with poorhouses at Oban,

Lochgilphead, Bowmore, and Campbeltown. The number^ of

])aupers and dependants in May 1899 was 2383. Argyllshire is a

sheriffdom, and there are resident sheriffs-substitute at Inveraray,

Campbeltown, Oban, and Fort-William, and courts are held also

at Tobermory, Lochgilphead, Bowmore in Islay, and Dunoon.

Forty-six school boards manage 159 schools, which

had an average attendance of 11,117 in 1898-99, while 10 vol-

untary schools, of which 4 are Episcopal and 2 Roman Catholic,

had 677. Campbeltown, Dunoon, and Oban have secondary

schools, Tarbert public school has a secondary department, and

19 other schools earned giants in 1898 for giving higher educa-

tion. Part of the “residue” grant is spent by the county

council in subsidizing navigation and othei classes in various

schools, short courses in agriculture for farmers, and in providing

])ursaries.

Agriculture.—^The greater part of the soil is moor or moss, in-

susceptible of cultivation, and utilized as grouse and deer forest.

The acreage nnder crops in 1898 was only 6 *6 pei cent, of the

whole. Argyllshire is one of the crofting counties, but crofting

IS by no means universal. It is predominant in the island of

Tiree and the western district of the mainland, but elsewhere

farms of moderate size are the rule. In 1896 the average size of

the 8272 holdings was 41 acres
;
the percentage under 5 acres

was 32*64 ; between 5 and 50 acres 47*10, and over 50 acres

20 ’26. The number of farms between 50 and 100 acres was

304 ;
between 100 and 300, 305 ; between 300 and 500, 30 ; and

over 500, 24. Oats are the piincipal corn crop, only about 1500

acres of barley being sown, and there is no wheat at all.

Besides stock-raising there is a good deal of dairying in Kintyre,

the leading agricultural district. The following table gives the

principal acreages at intervals of five years from 1880 ;

—

r

Year.
Area under

Crops.
Corn
Clops.

Green
drops.

Glover.
Perma-
nent

Pasture.
Fallow.

1880
1886 1

1890
1

,

1895

1
1899

I

119,219
124,797
133,005
134,063

134,709

23,548
22,830
21,486
20,444
19,912

12,761

11,673
11,282
10,644

10,348

20,180
25,112
27,328
26,999
27,807

61,097
63,866
72,389
75,222

76,137

1697
1316
605
725
460

The following table gives particulars of the live stock during

the same years :

—

Year.
Total
Horses

Total
Cattle.

Cows or
Heifers in

Milk or Calf.

Sheep. Pigs.

1880 7204 59,976 22,385 1,021,948 3758
1885 I 6930 62,235 23,106 1,000,653 4645
1890 6662 59,627 22,747 1,008,279 4981
1895 7025 60,005 22,446 1,026,712 4905
1899 6367 61,698 22,888 984,304 4285

The acreage under wood in 1895 was 48,412, of which 2068 had
been planted since 1881. From the commencement of the opera-
tion of the Crofters' Act in 1886 down to the end of 1898, 1097
applications to fix fair rent were dealt with by the Commission, and
rents amounting to £6949 were reduced to £4825, and of £12,075
of arrears £7548 were cancelled. The Commissioners have dealt
with 146 applications for enlargement of holdings, and have
added 4663 acres to existing crofts. At the census of 1891 the
number of persons engaged in agriculture was 8234 men and
900 women. Deer forests covered 232,698 acres in 1899, an in-

crease of 16,000 since 1883, and their annual value was £7434.
iTidustries and Trade.—Coarse woollens are still made forborne

use. The following table gives particulars of the mineral in-
dustry for 1886 and 1895 ;*the figures showing the output of coal
cover Dumfries as well as Argyll :

—

Year.
Coal. Slate. Granite.

j

Tons. Value. Tons. Value. Tons, Value.

1885
1895
1899

105,733
113,945
154,786

£24,671
£28,486
£58,690

17,938

34,340

30,680

£25,364
£60,977
£62,440

37,211
66,128

£13,401
£19,156

Fishing is the most important industry. Argyllshire ports
and creeks are represented in four fishery districts, but as the
Rothesay district comprises only a few Argyll ports, statistics

may be^ be given for the fishery districts of Inveraray and
Oampbetowny which are exclusively Argyll, and Fort-William,

which has 19 Argyll ports out of 26. The following table givrs

2>articulars of these tiiree districts in 1890, 1898, and 1899

Year.

Boats.
Value of
Gear.

Resident
Fishermen
and Boys.

Total Value
ol all Fish.Nn Tons Value.

1890 1537 6622 £36,807 £31,189 4122 £305,176
1898 1062 4367 £20,000 £20,823 2570 £87,929
1899 1023 3716 £20,225 £20,682 3464 £101,066

£82,902 of the total value of fish in 1899 was the value of
herrings only ; £6992 the value of shell-fish. In the greater

part of the districts the herring fishing is an autumn one. The
Lochfyne fishing, which is the most important, lasts from June
to January. White fishing is carried on at one or other of the
ports all the year round. The number of persons employed in
the three districts in connexion wuth the various branches of the
sea fisheries in 1898 was 3873. The railway mileage has been
increased by about 56 miles since 1875, and a light railway

(18J ni.) from Loch Long to Loch Fyne has been sanctioned.

Authorities.-—The (Eighth) Duke of Argyll. Commercial
Frmdples Applied to the Bhre of Land. London, 1877.

—

Crofts

and Farms %n the Hebrides. Edinburgh, 1883.

—

Iona. Edinburgh,
1889.

—

Scotland as it Was and Is. Edinburgh, 1887.

—

House of
Argyll. G-lasgow, 1871.—A. Browh. Memorials of Argyllshire
Greenock, 1889. -Harvie- Brown and Buckley. Vertebrate

Fauna of Argyll and the Inner Hebrides. Edinburgh, 1892.—D..

Clerk. “ On the Agriculture of the County of Aigyll ” {Trans

of H. and A. Soc. 1878).—T. Gray. Week at Oban. Edinbuigh,
1881.—Stewart. Collection of Views of Campbeltown.

(w. Wa)

Argyrokastro, or Ergeri, a town of Turkey, on

the river Drina in South Albania (Epirus). It is the

chief town of the sanjak of the same name, which is one

of the four composing the vilayet of Janina as reduced by
the annexation of Thessaly to Greece. Its population

numbers 9000.

Arica or San Marcos de Arica, a town

and port in the Chilian province of Taena and capital of

the department of Arica, situated in 18'' 28' 8" S. lat. and
70’’ 20' 46" W. long. Its population in 1895 was 2853.

It is the centre of a great mining district, and is connected

with Taena by rail. The territory of Arica and of Taena

feu into Chilian hands during 'the war of 1879 with Peru.

In 1898, 295 vessels of 493,447 tons entered, and 296 ot

494,784 tons cleared. The customs dues on imports

into Arica in 1897 were 144,713 pesos (gold), and in

1898, 99,084.

Ari^gCi a department in the S. of France, resting

on the Pyrenees and watered by the Arifege.

Area, 1893 square miles. The population declined to 237,619

in 1886, 219,641 in 1896, and 202,284 in 1901. Births in 1899,

4004, of which 149 were illegitimate
;
deaths, 4374 ;

marriages,

1543. The chief towns are Foix, Pamiers, and St Girons. ^ In 1896

the schools numbered 776, with 32,000 pupils. Eight per cent, of

the population was illiterate. The area cultivated was 917,839

acres, ofwhich 363,269 acres was plough-land. The mountains give

very good pasture. In 1899 wheat yielded a return of the value

of £225,037. Maize is also a profitable culture, as are likewise

potatoes, which gave a return of 2,035,145 owts. in 1898. Among
the industrial cultures flax is the only noteworthy one. In 1899

the live stock numbered 573,660 head. Ariege produced in 1898

26,000 tons of iron ore, and 23,000 tons of copper, argentiferous

lead, and manganese (mines of Niedessos). The metallurgic

industry yielded 48,000 tons of iron, cast-iron, and steel, of the

value of £304,000. The other industries, with the exception of

the manufacture of paper, are inconsiderable.

Arish. See Arabia.

Aristides, Apoiogy oft— Until 1878 our

knowledge of Aristides was confined to the statement

of Eusebius that he was an Athenian philosopher who

presented an apology concerning the faith” to the

Emperor Hadrian. In that year, however, the Mechi-

tarists of S. Lazzaro at Venice published a fragment in

Armenian from the beginning of the apology; and in

1889 Dr Rendel Harris found the whole of it in a

Syriac version on Mount Sinai. While his edition was
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j)a8sing through the press, it was observed ])y the present

writer that all the while the work had been in our hands

in Greek, though in a slightly abbreviated form, as it

had been imbedded as a speech in a religious novel

written about the 6th century and entitled “The Life of

Barlaam and Josaphat.” The discovery of the Syriac

version reopened the question of the date of the work.

For although its title there corresponds to that given by
the’Armenian fragment and by Eusebius, it begins with

a formal inscription to “the Emperor Titus Hadrianus
Antoninus Augustus Pius ”

: and Dr E,. Harris is followed

by Harnack and others in supposing that it was only

through a careless reading of this inscription that the

work was supposed to have been addressed to Hadrian.

If this be the case, it must be placed somewhere in the

long reign of Antoninus Pius (138-161). There are, how-
ever, no internal grounds for rejecting the thrice-attested

dedication to Hadrian his predecessor, and the picture

of primitive Christian life which is here found points to

the earlier rather than to the later date. It is possible

that the apology was read to Hadrian in person when he

visited Athens, and that the Syriac inscription was
prefixed by a scribe on the analogy of Justin’s Aj^ology,

a mistake being made in the amplification of Hadrian’s

name.
The Apology opens thus : “I, O king, by the provi-

dence of God came into the world; and having beheld

the heaven, and the earth, and the sea, the sun and

moon, and all besides, I marvelled at their orderly

disposition; and seeing the world and all things in it,

that it is moved by compulsion, I understood that He
that moveth and governeth it is God. For whatsoever

moveth is stronger than that which is moved, and what-

soever governeth is stronger than that which is governed.”

Having briefly spoken of the divine nature in the terms

of Greek philosophy, Aristides proceeds to ask which of

all the races of men have at all partaken of the truth

about God. Here we have the first attempt at a

systematic comparison of ancient religions. For the

purpose of his inquiry he adopts an obvious threefold

division into idolaters, Jews, and Christians. Idolaters,

or, as he more gently terms them in addressing the

Emperor, “those who worship what among you are said

to be gods,” he subdivides into the three great world-

civilizations—Chaldeans, Greeks, and Egyptians. He
chooses this order so as to work up to a climax of error

and absurdity in heathen worship. The direct nature-

worship of the Chaldeans is shown to be false, because

its objects are works of the Creator, fashioned for the

use of men. They obey fixed laws and have no power
over themselves. “ The Greeks have erred worse than the

Chaldeans . . . calling those gods who are no gods,

according to their evil lusts, in order that having these

as advocates of their wickedness they may commit
adultery, and plunder and kill, and do the worst of

deeds.” The gods of Olympus are challenged one by
one, and shown to be either vile or helpless, or both at

once. A heaven of quarrelling divinities cannot inspire a
reasonable worship. These gods are not even respectable:

how can they be adorable ? “ The Egyptians have erred

worse than all the nations; for they were not content

with the worships of the Chaldeans and Greeks, but
introduced, moreover, as gods even brute beasts of the

dry land and of the waters, and plants and herbs. . . .

Though they see their gods eaten by others and by men,
and burned, and slain, and rotting, they do not under-

stand concerning them that they are no gods.”

Throughout the whole of the argument there is strong

common-sense and a stern severity unrelieved by conscious

humour. Aristides is engaged in a real contest; he

627

strikes hard blows, and gives no quarter. He cannot

see, as Justin and Clement see, a striving after truth,

a feeling after God, in the older religions, or even in

the philosophies of Greece. He has no patience with
attempts to find a deeper meaning in the stories of the

gods. “Do they say that one nature underlies these

diverse forms? Then why does god hate god, or god
kill god? Do they say that the histories are mythical?

Then the gods themselves are myths, and nothing more.”
The Jew^s are briefly treated. After a reference to their

descent from Abraham and their sojourn in Egypt,
Aristides praises them for their worship of the one God,
the AJmighty Creator

;
but blames them as worshipping

angels, and observing “sabbaths and new moons, and
the unleavened bread, and the great fast, and circum-

cision, and cleanness of meats.” He then proceeds to

the description of the Christians. He begins with a
statement which, when purged of glosses by a comparison
of the three forms in which it survives, reads thus

:

“How the Christians reckon their race from the Lord
Jesus Christ

;
and He is confessed to be the Son of God

Most High. Having by the Holy Spirit come down from
heaven, and having been born of a Hebrew virgin. He
took flesh and appeared unto men, to call them back from
their error of many gods; and having completed His
wonderful dispensation, He was pierced by the Jews, and
after three days He revived and went up to heaven. And
the glory of His coming thou canst learn, O king, from
that which is called among them the evangelic scripture,

if thou wilt read it. He had twelve disciples, who after

His ascent into heaven went forth into the provinces of

the world and taught His greatness
;
whence they who at

this day believe their preaching are called Christians.”

This passage contains striking correspondences with the

second section of the Apostles’ Creed. The attribution

of the Crucifixion to the Jews appears in several 2nd-
century documents; Justin actually uses the words
“ He was pierced by you ” in his dialogue with Trypho
the Jew.

“These are they,” he proceeds, “who beyond all the

nations of the earth have found the truth : for they know
God as Creator and Maker of all things, and they worship
no other god beside Him

;
for they have His command-

ments graven on their hearts, and these they keep in

expectation of the world to come. . . . Whatsoever they
would not should be done unto them they do not to

another, . . . He that hath supplieth him that hath
not without grudging : if they see a stranger they bring

him under their roof, and rejoice over him, as over a
brother indeed, for they call not one another brethren
after the flesh, but after the spirit. They are ready
for Christ’s sake to give up their own lives; for His
commandments they securely keep, living holily and
righteously, according as the Lord their God hath com-
manded them, giving thanks to Him at all hours, over

all their food and drink, and the rest of their good
things.” This simple description is fuller in the Syriac,

but the additional details must be accepted with caution :

for while it is likely that the monk who appropriated the

Greek may have cut it down to meet the exigencies of

his romance, it is the habit of certain Syriac translators

to elaborate their originals. After asserting that “this

is the way of truth,” and again referring for further

information to “ the writings of the Christians,” he says

:

“And truly this is a new race, and there is something

divine mingled with it.” At the close we have a passage

which is found only in the Syriac, but which is shown
by internal evidence to contain original elements : “ The
Greeks, because they practise foul things . . . turn the

ridicule of their foulness upon the Christians.” This is
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an allusion to the charges of Thyestean banquets and

other immoralities, which the early apologists constantly

rebut. ‘‘But the Christians offer up prayers for them,

that they may turn from their error
;
and when one of

them turns, he is ashamed before the Christians of the

deeds that were done by him, and he confesses to God

saying: ‘In ignorance I did these things’; and he

cleanses his heart, and his sins are forgiven him, because

he did them in ignorance in former time, when he was

blaspheming the true knowledge of the Christians.”

These last words point to the use in the composition

of this Apology of a lost apocryphal work of very early

date, The Freaching of Peter, This book is known

to us chiefly by quotations in Clement of Alexandria : it

was widely circulated, and at one time claimed a place

within the Canon. It was used by the Gnostic Heracleon

and probably by the unknown writer of the epistle to

Diognetus. Trom the fragments which survive we see

that it contained: (1) a description of the nature of

God, which closely corresponds with Arist. i., followed

by (2) a warning not to worship according to the

Greeks, with an exposure of various forms of idolatry;

(3) a warning not to worship according to the Jews

—

although they alone think they know the true God

—

for they worship angels and are superstitious about moons
and sabbaths, and feasts, comp. Arist. xiv.

; (4) a descrip-

tion of the Christians as being “a third race,” and
worshipping God in “ a new way ” through Christ

; (5) a

proof of Christianity from Jewish prophecy
; (6) a promise

of forgiveness to Jews and Gentiles who should turn to

Christ, because they had sinned “in ignorance” in the

former time. Now all these points, except the proof from

Jewish prophecy, are taken up and worked out by
Aristides with a frequent use of the actual language of

The Preaching of Peter. A criterion is thus given us for

the reconstruction of the Apology, where the Greek which
we have has been abbreviated, and we are enabled to

claim with certainty some passages of the Syriac which
might otherwise be suspected as interpolations.

The style of the Apology is exceedingly simple. It is

curiously misdescribed by Jerome, who never can have

seen it, as “ Apologeticum pro Christianis contextum
philosophorum sententiis.” Its merits are its recognition

of the helplessness of the old heathenism to satisfy human
aspiration after the divine, and the impressive simplicity

with which it presents the unfailing argument of the

lives of Christians.

The student may consult The Apology of Aristides, Syriac text
and translation (J. R. Harms), with an appendix containing
the Greek text, Texts md Studies, i. 1 (1891), and a critical

discussion by R. Sbeberg in Zahn’s Porsehungen, v. 2 (1893)

;

also, brief discussions by Harnack, Altchristl. Litteratur, i. 96/,,
Chronologic, i. 271/., where references to other "writers may be

(j. A. B.)

Arithmetic. See Number.

Arizona*—A territory of the United States, lying
on the south-western border, between 37° and from
32°*8 to 33“*5 N. lat., and 109° and from 114°-8 to 114°
W. long.

; and bounded on the N. by Utah, on the E.
by New Mexico, on the S. by Mexico, and on the W.
by California and Nevada. It is traversed from the
north-west to the south-east, a distance of about 450
miles, by mountain ranges of the Great Basin system
which form the main axis of elevation. On the north-
east side, the great Colorado Pla'fceau, with an average
elevation of from 6000 to 8000 feet, stretches away into
Utah and New Mexico. The southern margin of this
plateau, marked by a line of cliffs, divides the head
waters of the Oolo^o Ohiquito from those of the Gila.
The plateau is dominated in its middle southern portion.
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north of Williams and Flagstaff, by a series of extinct

volcanic cones, reaching in San Francisco Mountain an
altitude of nearly 13,000 feet, from which in late

Tertiary time great floods of lava flowed, chiefly to the

southward and westward, forming a protecting covering

to the foundation of nearly horizontal sedimentary rocks

through which, on the north side, the Colorado carved

the Great Canon. Southward and westward from the

central mass of mountains the surface slopes away to the

Gulf of California in a series of wide valleys, separated

by isolated mountain ranges, preserving a general paral-

lelism in a north-west and south-east direction. Of the

approximate total area of 113,000 square miles, about

39.000 are below the altitude of 3000 feet; about

27.000 are from .3000 to 5000 feet, and 47,000 are over

5000 feet. The central mountain ranges are largely

formed of granitic, porphyritic, and other plutonic rocks

in great variety, including volcanic outflows and tufas.

There are areas of Archaean gneiss and pre-Cambrian
slates flanked by Palaeozoic formations, especially by the

Devonian and Carboniferous. Great beds of Palaeozoic

conglomerate and breccias give evidence of continental

areas, shallow oceans, and beaches in the earlier ages, with

currents of great volume and power. Well-marked
horizons of the Devonian occur in the Santa Catalina and
the Santa Hitas. Carboniferous limestones and sand-

stones are widely distributed in the southern isolated

mountain ranges and are uplifted, flexed, and faulted.

Beds of graphitic coal with much ash and of little or no

value for fuel have been found, and show the far west-

ward extension of the flora of the Coal Measures. Sand-

stones of the Permian underlie a j)art of the lava of San

Francisco Mountain, and Mesozoic beds crop in many
places towards the south and west. Fossil bones and
teeth of both the mammoth and the mastodon, and of a

giant species of Bos^ show that some at least of the large

extinct mammals roamed over the Pleistocene plains and

valleys.

Shut in on all sides from the ocean by mountain

ranges and wide areas of land, Arizona is without rain

for the greater part of the year. The air is clear, and

the rays of the unclouded sun have great power. At
night the radiation is unobstructed and the temperature

falls rapidly. Owing to the extreme dryness of the air

the evaporation from all moist surfaces is rapid, and the

high temperatures shown by the dry-bulb thermometer

are less oppressive than much lower temperatures in a

humid atmosphere. There is a short season of rain in

the spring, and one in midsummer, and the accumulation

of snow on the mountains in winter gives rise to springs,

rivulets, and forest growth.

The native plants, especially upon the lower levels,

are characteristic of arid and semi-desert regions. They

are Sonoran rather than Californian in aspect and group-

ing. Altitude, with its increasing moisture conditions and

lower temperature, is a greater factor in the geographic

distribution than latitude. Thorny shrubs, cactacese, and

yuccas abound on the iflains, together with the mezquite

and paloverde, wherever their deeply-extended roots can

reach moisture or water. The Larrea Mexiccma, the ever-

green shrub with aromatic glossy leaves and bright yellow

flowers, is rarely absent and thrives under the most adverse

conditions. Of Cacti there are no less than seventy-five

species. The giant columnar cactus {Gerem gigantefus\

sometimes 40 feet high, is a striking object. Along the

streams the cottonwood, sycamore, ash, willow, and

walnut give verdure and shade. At an elevation of

about 4000 feet oak trees appear in cafions and on the

foot hills, giving the country the aspect of an artificial

park. In the Huachuca Mountains there are eleven



ARIZONA 629

species of oak, most of them evergreen. At higher

levels junipers, cedars, and cypress appear and give place

in the region of snow to firs and pines which crown the

summits of most of the mountain ranges, attaining their

greatest development and commercial importance on the

Colorado plateau. This is known as the Coconino Forest,

and is one of the most extensive forest areas in the

United States, a large part of which has been reserved

by the Government. The trees are mostly the yellow

pine {Finns pond^rosa)^ and its varietal forms, the most

widely disseminated and most abundant tree of the interior

forest area, and practically the only tree of commercial

importance for lumber. It is estimated that the total

quantity of pine lumber fit for sawing within the limits

of Arizona is not less than 8,000,000,000 feet B.M. The
principal lumber mills are at Flagstaff and Williams in

Coconino county.

The manufactures are few and of comparatively small

value, excepting lumber. A large flouring mill has been

erected at Tucson, and there are also extensive railway

repair shops, a foundry, and mining machinery j)lant. At
Phoenix onyx marble is cut and xiolished by machinery and

Indian labour. The Navajo and the Moqui Indians make
woollen blankets and rugs, and the Pimas baskets.

There are four chief regions of valleys of great fertility

especially adapted to agriculture : the Salt Eiver Valley,

the Upper Gila and its tributaries, the Lower Gila and

the Colorado, and the Santa Cruz. The Salt River

Valley has one of the largest known tracts of irrigable

land in one body, estimated at 1,500,000 acres. Numer-
ous irrigating canals have partly redeemed it from the

desert-like condition to which it relapsed after the

disappearance of the ancient Aztec population. It is a

region of beautiful farms, gardens, and orchards. Alfalfa,

the staple forage and hay crop, thrives luxuriantly, and
]

as many as five cuttings a year are possible. In 1898

some 35,000 cattle, fattened on alfalfa, were shipped

fioni this valley. Corn, wheat, and barley are grown,

but the region is chiefly celebrated for its early crops of

citrus fruits, grapes, figs, dates, pomegranates, and olives.

The date-palm flourishes. The most desirable varieties

have been introduced. Considerable promise attends the

cultivation of the sugar-beet and the exiieriments upon
canaigre as a source of tannin. Excluding farms of

Indians, there were in 1900, 4040 farms, containing

1,891,985 acres (of which 12 per cent, were improved

land), valued, with improvements, at $13,088,550. Over

72 per cent, of the total farm acreage in the territory and
nearly 20 per cent, of the value of farm property were

credited to 71 farms of 1000 acres or more each. In 1899

there were 2052 farms devoted principally to producing

hay and grain, and 2343 to live stock. The average value

of all farms in the territory was $5148, and of products in

1899 not fed to live stock, per farm, $1064. In 1900
there were on farms and ranges 7,042,635 neat cattle,

125,063 horses, 4077 mules, 4625 asses, 861,761 sheep,

18,103 swine, and 98,403 goats. Of the neat cattle nearly

98 per cent, and of the sheep nearly 100 per cent, were

X)astured wholly or in part upon the public domain. The
value of aH live stock was $15,458,717, or 15*7 per cent,

of the total capital invested in agriculture. It has been

estimated that Arizona is capable of maintaining 8,000,000

head of cattle, but in the past an overstocking of the ranges

has caused much loss and suffering, and the almost total

eradication of the fine native grasses over extended areas.

The total value of all farm crops in 1899 was $2,474,296,

of which the hay and forage crops amounted to $1,361,422.

The total value of all farm products, including animals

sold or slaughtered for food ($3,204,758), was $6,997,097,

Of the totS improved land (227,890 acres) outside of

Indian reservations in 1899, 81 per cent, was irrigated

land
;
the total increase of irrigated land from 1890 to

1900 was 119,575 acres. In 1899 there were 1492 miles

of irrigation ditches, the construction cost of which was
$4,408,158. The raising of ostriches for their feathers is

successful.

The production of copper increased from 17,398 tons in

1890 to 55,412 tons in 1898, and over 76,000 tons in

1899. The chief centres of production are Bisbee, Jerome,
Clifton, and Globe. Several gold-mines are worked to a
great depth. The production of gold and silver, chiefly

gold, was approximately $4,500,000 in value for 1899.
Wolframite, an ore of tungsten, occurs in quantity and
has been successfully worked. There are also valuable

ores of molybdenum and vanadium. Quarries of onyx
marble have been opened, and some fine gems of peridot,

garnet, and turquoise have been found.

Two transcontinental systems of railways, the Southern
Pacific and the Santa Fe Pacific, traverse the state from
east to west, and are connected from north to south by
several lines. There are in all 999*5 miles of railway,

with an assessed valuation of $4,189,075.20 on which
taxes are paid, and 454 miles of road exempt from
taxation for a term of years. A standard gauge railway

has been laid from Williams to the Grand Canon.

On 1st July 4899 the county and city funded indebted-

ness was $1,634,027.57, and the bonded debt of the Terri-

tory $1,041,972.43. There are five national banks with
an aggregate capital of $400,000, deposits $2,194,773

;

and seven territorial banks, capital $219,700, deposits

$1,364,475.

According to the census of 1890 the population was
59,620. In 1900 it was 122,212, showing an increase

for the decade of 62,592, or 104*9 per cent. The increase

was due in part to the fact that there were 28,623
Indians or other persons on Indian reservations in 1890,

but not included in the general population as shown by
the census bulletins. The average number of persons per
square mile was 1*0 in 1900, as compared with 0*5 in

1890. The three principal cities, Phcenix (the capital),

Tucson, and Prescott, have respectively 5544, 7531, and
3559 inhabitants. The Indian population in 1890 was
68,540. In 1899 the number enrolled at the five Govern-

ment agencies and under instruction was 39,744. Many
friendly Papagoes in Papagueria are not included. Of
the total 20,500 are upon the Navajo reservations, and
2641 at the Hopi Pueblo. The Territorial prison, located

at Yuma, had in 1898, 214 male prisoners.

The public-school system was established in 1871, and
is modelled after that of California. There are primary,

grammar, and high schools, and two normal schools, one at

Tempe in Maricopa county and one at Flagstaff. In 1900
there were 373 teachers, 251 women and 122 men, of

whom 120 were graduates of normal schools; the total

number of enrolled students was 15,898, and the average

daily attendance 9396. The total expenditure for the

school year ending 30th June 1899 was $238,741. The
Territorial University, including the School of Mines and
the laboratories of the Agricultural Experiment Station,

was established at Tucson in 1885 and was opened in

October 1891. It has about 20 professors and instructors,

and from 140 to 150 students. It is well equipped for

instruction and investigation, and is sustained chiefly by
the Morrill and Hatch funds amounting to about $45,000

annually. A school for Indians at Phoenix, and one at

San Carlos, are sustained by the United States. One at

Tucson, with an average of 150 boys and girls, is sup-

ported by the Presbyterian Home Mission. There are 53

or more newspapers; 11 daily and 42 weekly, including

3 published in Spanish. There is an important and well-
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selected reference libmry at the university. The Carnegie

Library building, under construction, will receive the

valuable Territorial Library collection of some thousands

of volumes.

The Territorial Assembly meets biennially. A new
Capitol of granite and white tufa has been erected at a

cost of about $150,000. There have been fourteen dif-

ferent governors between 1863 and 1900. There are four

judicial districts, in which court is held twice a year.

One chief justice and four associates are appointed by the

president.

The early Spanish colonists of Mexico were incited to the

exploration and settlement of the region by the reports of its

wealth of precious metals and precious stones. In 1639 Padre

Marco de Niza passed through the valley of the Santa Cruz, and
was followed in 1540 by Coronado. A mission was established at

Guevaiz, south of Tucson, in 1687, and thirty-three years later there

were nine missions within the limits of the territory now known
as Arizona. The converts were mostly from the Pima tribe, and
after baptism were called Papago. New Mexico, which included

all of Arizona north of the Gila river, was ceded to tlie United
;

States in 1848. The strip of country south of the Gila, known as

the Gadsden Purchase, was acquired in 1853. Arizona was set off

from New Mexico and organized as a territory in 1863.

See Hamilton. o/ 3d edit. 1884.—Jteport

of the Governor of Arizona to the Secretary of the Interior^ 1899.

For Grand Canon : Dutton. Tertiary History of the Grand
Qanon District, A.to, 1882 U.S. GeoL Sur.

—

Powell. Exploration

of the Colorado River 1875. Cattle Industry: Oameeon. Report
Gov. AHzona. 1896. Agriculture and Horticulture : Toumey.
Report Gov. Arizona. 1898. (w. P. B.)

Arka.nsa.S| one of the Southern States of the

American Union, situated between SQ*" 30' and 33® IST.

lat., and 89® 49' and 94® 30' W. long., and bounded on
the W. by the Mississippi, on the S. by Louisiana, on the

E. by Texas and Indian Territory, and on the K. by
Missouri. Before 1875, because of the nature of its

physical features—^being swampy in the lowlands, every-

where covered with forests, and mountainous in the north-

west—and because, too, of the political conditions after

the Civil War, Ajrkansas attracted but little of the

great stream of immigration that had peopled the flat

lands to the north and the prairies to the south. The
main development of the state dates from 1890. If a
line be drawn from where the Black River cuts the

northern boundary to where the Red cuts the western, east

of it will lie the lowlands and forests, and to the west will

lie the mountains. North of the Arkansas river, in the
region of the Boston mountains and the Ozarks, the
country is very broken. The general elevation of the
land is between 800 and 1200 feet above sea-level

j
the

mountains are scattered in broken ridges and spurs as if

flung from a gigantic hand, and there are few peaks of
imposing height, the loftiest being Boat Mountain and
Lost Mountain, each 2200 feet above sea-level. South of
the Arkansas, the mountains lie in long high ranges east
and west, separated by low fertile valleys, and at times
rising into fine and imposing peaks. Magazine Mountain,
2823 feet above sea -level and 2350 feet above the
surrounding country, is the loftiest point between the
AHeghanies and Rockies, and in beauty and grandeur sur-
passes the famous Lookout. Blue Mountain, 2800 feet,
and Mt, Mena (Rich Mountain), 2750 feet, each rises
2100 feet over its valley. The state is well watered, and
there are 3000 miles of navigable rivers. Locks have been
constructed on White River, a fine stream, navigable 300
miles of its length. In its passage through the mountains
White River may be compared with the Hudson for beauty
of scenery. Its name it takes from 'the clearness of its
waters^ which it remarkably preserves through the alluvial
lands even to its mouth.

N S A S

The mineral history of the state may be dated from
1887, when the larger operations in coal began. The coal

area covers 9100 square miles in the western part of the
state, and extends into the Indian Territory over 20,000
square miles. Its quality is semi-anthracite and semi-
bituminous, and, being hard and smokeless, is valuable for

domestic and steam uses. From an output of 129,000
short tons in 1887, the production had swollen to

1,173,804 tons in 1898. The development is very rapid

:

in 1901 the daily output was about 10,000 short tons,

with an employment of 3920 miners. The production
from the adjacent coal - fields of the Indian Territory

about doubles that of Arkansas. In the northern part
of the state 2199 square miles of lead and zinc fields have
been opened, the zinc fields undoubtedly constituting one
of the richest deposits in the world. Between 1888 and
1892 Prof. John C. Branner made an exhaustive geolo-

gical survey, the results of which have been published by
the state

j
and his account of the location, extent, and

economic value of mineral deposits has, in several in-

stances, led to their practical development. His reports

show that one of the “ most valuable deposits of manganese
in North America” lies in the north-east, that payable

quantities of iron are found in the same section, that

4450 square miles of marble equal to the best Tennessee

varieties are situated in the north, that limestone valuable

for lime is to be had in inexhaustible quantities, that

granites superior to any known exist near Little Rock,

that the finest novaculites and whetstones yet found are

in abundance in the southern mountains, that antimony
and bauxites are found in abundance, that clays and
kaolin fit for manufacture of the best grade of porcelain

exist in great quantities in the south central portion, and
that the greensand, gypsum, and chalk marls in the south,

if properly utilized, “wiU be of more value to the state

than all the gold dug within the bounds of California has

been to that state.” A large deposit of true chalk

has been utilized by a company which produces Portland

cement. Gold and silver are also to be found, but not in

extensive or valuable quantities.

The alluvial bottoms are exceedingly productive, and

the soil and climate of the higher regions are peculiarly

adapted to fruit-growing. The chief staple is cotton. In

1899, 1,726,000 acres produced 770,000 bales, valued at

$30,800,000. In 1897, 922,000 were raised, and the

crop of 1900, with an acreage of 1,899,000, was estimated

at over 900,000 bales, valued at $35,000,000. Other agri-

cultural products, in order of value, are corn, oats, wheat,

rye, hay, millet, fruits (particularly apples, berries, and

peaches), potatoes, field peas, sugar-cane, serghum, broom
corn, and rice. It is estimated that in 1898 the fruit

and vegetable shipments were as follows :—^Apples, 2400

carloads
;
berries, 1000

;
peaches, 500 ;

and potatoes, 1200

carloads. The fruit is of finest quality, especially the

apples, to which the first prize has been awarded in

every competition since 188^5, including the World’s Fair

in 1893 at Chicago. Lumber has been extensively cut,

and in 1898 the shipments amounted to over 50,000 car-

loads. The annual output of forest products is valued at

over $20,000,000. The forests cover over 25,000,000 acres.

There are 54 railways (including branches and leased

lines worked under distinct names), with a total of 3052

miles, and an assessed value of $24,051,139. The

principal systems are the St. Louis, Iron Mountain, and

Southern, which with branches and leased lines has 1059

miles; the St Louis South-Western, 412; the Choctaw

and Memphis, 282; the Kansas City, Fort Scott, and

Memphis, 162 ;
the Kansas City Southern, 153 ;

and the

St Louis and San Francisco, 108. The total assessed

value of real estate in 1899 was $127,062,908; of
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personal property, $62,936,142; total, $189,999,050.

The I'ate of taxation for state purposes was 2J mills for

general revenue, 2 mills for common schools, 1 mill for

sinking fund, and \ of & mill for pensions; total, 5-|

mills. The constitution limits taxation by the state to

10 mills, and by counties for county purposes to 5 mills.

The statutes limit taxation for city purposes to 5 mills,

and for schools to 5 mills. The annual general expenses

of the state government average about $500,000. The
total revenue from all soui’ces in 1897 was $2,229,682.

The growth in population is shown by the following

table ;

—

Year. Whites. Negroes. Total.i

‘ 1870 362,n5 122,169 484,471
1880 591,631 210,666 802,525
1890 818,752 309,117 1,128,179
1900 944,580 366,856 1,311,436

The increase for the last decade of the 19th century was
16*25 per cent. The total land surface is approximately

53,045 square miles, and the average number of persons

to the square mile was, therefore, 24*73 in 1900, as

compared with 21-27 ten years earlier. Of the cities or

towns in the state nineteen had in 1900 a population

in excess of 2000, and five in excess of 5000. These

five were Little Eock with 38,307, Fort Smith with

11,587, Pine Bluff with 11,496, Hot Springs with 9973,

and Helena with 5550. The blacks are confined to the

eastern part of the state; slavery never penetrated the

mountainous portion, and the conditions there more
nearly resemble those of Missouri than of the GuK
States.

The common school system is well developed; the
!

number of school-houses in 1898 was 4926 ;
the value of

school properties was $2,294,396. The scholastic popula-

tion in 1898 was 336,168 whites and 129,397 blacks;

total, 465,565. The total enrolment in 1898 was
224,247 whites and 79,561 blacks; total, 303,808. The
state supports an agricultural and industrial university at

Fayetteville. A number of sectarian and private colleges

and academies have been established. In 1898 there

were in all eight institutions for higher education, all co-

educational; the students, including those in the pre-

paratory departments, numbered 1072 men and 564
women

;
the teachers, 78 men and 30 women. There were

22,708 volumes in the libraries. The state supports a
lunatic asylum, a blind school, and a deaf mute institute

at Little Rock.

In 1900 there were 7 national banks, with a capital of

$1,070,000; 104 state banks, with a capital and surplus

of $3,855,761 ; 6 private banks, with a capital and
surplus of $196,291 ;

and 2 loan and trust companies,

with capital and surplus of $79,000.

There were 3791 church edifices, and the church

property was valued at $3,266,663. The communicants
or members numbered 296,208, of whom 128,724 were

Baptists, 123,316 Methodists, 18,022 Presbyterians, and
14,385 Disciples of Christ.

After the Reconstruction Act of 1867, all offices, state and
county, fell into the hands of “carpet-baggers,” who inaugurated
aYeign of force and corruption. The native whites, practically

disfranchised, fell under a rule of strangers, based on a sulfrage

conferred on their former slaves. In political self-defence, they
responded with force and with frauds against the ballot. Secret
societies were formed, such as the Ku Klux Klan on the one side,

and the Brothers of Freedom on the other. The reconstruction
governor organized a militia and declared martial law in several
counties, but this only aggravated the mischief. In 1873, the
regular” Republicans elected Elisha Baxter as governor over

^ Including Indians and Chinese.

Joseph Brooks, the nominee of the reform Republicans. The
Democrats had no candidate, but supported Brooks. Goveinor
Baxter, by an honest and just conduct of the administration, soon

alienated the affections of the “regular” Republicans who had
elected him. Deserting him, they joined Brooks in a legal contest

for the office. The Republican Court, in which the contest was
filed on 15th April 1874, entered judgment lor Brooks in the

absence of Baxter and without notice. Brooks in person, accom-
panied by a guard, went to the State House, ousted Baxter, and
entrenched himself there. The Democrats, espousing Baxter’s

cause, flew to arms. The turmoil that followed is known as the

Brooks-Baxter War. The matter was leferred to the President,

and the attorney-general delivered an opinion favourable to

Baxter. On 15tli May the President issued a proclamation de-

claring him entitled to the office, and ordering the Brooks forces

to disperse. Since then, the state has been in the hands of the
Democrat party. (e. E. B.)

Arka^nsas Cityi a city of Cowley county, Kansaf^,

XJ.S.A., situated in 37^* 04' lat. and 97“ 03' W. long.,

near the southern boundary of the state, on the north hank
of the Arkansas, at an altitude of 1073 feet. Its site is

a level bottom land, and its streets are laid out according

to a regular plan. It is a supply point for a rich agricul-

tural region and is entered by four lines of railway, the

Atchison, Topeka, and Santa F4
;
the Missouri Pacific

;
the

St Louis and San Francisco
;
and the Kansas South-Western

railways. Population (1900), 6140.

Arkha.ng'elSk, or Archangel, a government of

H. Russia, on the Arctic Ocean. Area, 331,505 sq. miles.

Population (1897), 347,589. The peninsula of Kola, as

also the islands Kolguev, Yaigach, and Kovaya Zemlya,
belong to it. In 1899, 170,540 acres were under cereals.

Forests cover nearly one-half of the total area, and provide

hunting, as well as an opportunity for various important

industries connected with wood (timber, pitch, and tar,

etc.). Cattle-breeding is at a low stage
;
but there were

in 1897, 42,600 horses, 105,760 cattle, and 125,000 sheep,

and the race of Kholmogory cows is kept in high repute.

The coasting trade between the town of Arkhangelsk and
the Murman or Herman coast and St Petersburg has

lately been on the increase, but the value of foreign ex-

ports has declined (£1,234,390 in 1874, and £833,823
in 1898 ;

imports, £130,000). Archangel is divided into

ten districts, of which the chief towns are—^Arkhangelsk

population, 20,933 in 1897), now connected by a railway

525 miles) with Yaroslavl; Kem (1825); Kola (615);
Kholmogory (1465) ;

Mezen (2040) ;
Onega, (2700) ;

Ust
Tzylma, in Pechora district

;
Pinega (1000) ;

and Shen-

kursk (1308). A new military harbour has been established

on the Mnrman coast at Alexandrovsk, in the unfreezing

Ekaterininskaya Bay.

ArklOW, a maritime town in the county of Wicklow,
Ireland, 50 miles south of Dublin by rail. In 1882 an
Act was passed providing for the improvement of the

harbour and for the appointment of harbour commissioners.

The town hall and the new Protestant church (1899) were

both the gift of the Earl of Carysfort. Cordite works
have recently been established. The number of vessels

registered in the fishing district in 1898 was 170,

employing 808 men and boys. Population, 4172.

Arlingrton, (1) a town of Middlesex county, in

eastern Massachusetts, U.S.A., traversed by the Boston

and Maine railway; known until 1867 as West Cam-
bridge. Population (1900), 8603. (2) A soldiers'

cemetery under the control of the TF.S. Government,

situated in northern Virginia, in Alexandria county, on
the bluffs of the south bank of the Potomac, opposite

the city of Washington. Sixteen thousand victims

of the Civil War, among them numerous prominent

oflScers, including General Sheridan, are buried here.
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The place -was formerly the estate of the Lee family, and

was confiscated by the Government, the family finally

receiving payment for it. The grounds are beautifully

laid out, and the old Lee mansion remains unchanged.

Arma.gfh, an inland county of Ireland, province of

Ulster, bounded on the N. by Lough ISTeagh, on the W.
by Down, on the S. by Louth, and on the W. by Monaghan
and Tyrone.

Pojpulation.—^The aiea of the administrath^e county in 1899 was

312,659 acres, ot which 132,269 were tillage, 141,455 pasture, 514

fallow, 3141 plantation, 6416 turf bog, 2493 maiah, 7473 baiien

mountain, and 18,898 water, roads, fences, &c. The new adminis-

tiative county under the Local Government (Ireland) Act, 1898,

does not include the portion of the town of Newiy, formerly

situated in Armagh. Population (1881), 163,177 ; (1891), 143,289 ;

(1901), 125,238, of whom 59,687 were males and 65,551 females,

divided as follows among the different religious sects:—Roman
Catholics, 56,707 ;

Protestant Episcopalians, 40, 853; Piesbyterians,

20,029; Methodists, 5066; and other denominations, 2583. The
decrease of population between 1881 and 1891 was 12T9 per cent,

and between 1891 and 1901 it was 9*2 per cent. Of the total

popnlation in 1891, 107,180 persons inhabited the rural distiiets, an
aveiage of 255 persons to each square mile under crops and pastui'e.

EducatioTh .—^The following table gives the degree of education in

1891* -

Males. Females. Total.

Peicentage.
|

RC, Pr. Epis. Presb.

Read, and wiitp

.

Bead only . ,

niiteiate . . .

41,979
8,078

10,864

42,381

12,324

13,120

84,360
20,402

23,984

05*9

17 3
2b 8

68*1

ie-6
15*3

S2'6
11-3

6 1

In 1881 the peicentage of illiteiates among Roman Catholics was
32*6. In 1891 there were 19 superior schools with 428 pupils (133

Roman Catholics and 295 Piotestants), and 290 primary schools

with 20,655 pupils (8996 Roman Catholios and 11,659 Protestants).

The number of pupils on the rolls of the national schools on 30th
September 1899 was 24,332, of w^hom 10,795 were Roman OathoHcs
and 13,537 Protestants.

The following table gives the number of births, deaths, and
maiiiages in various years :

—

Year.
^

Biitht>. Deaths. Mainages.

1881 4874 3666 982
1891 3394 2926 694
1899

j

2842 2480 683
1

In 1899 the hirth-rate per 1000 was 20 '6, and the death-rate
18 ’0 ; the rate of illegitimacy was 3*5 per cent, of the total births.

The total number of emigrants who left the county between 1st

May 1861 and 31st December 1899 was 93,620, of whom 62,339
weie males and 41,281 females. The following are the chief towns
in the county, with their populations in 1901:—Armagh, 7669;
Lurgan, 11,777 ; Portadown, 10,046. A portion of the borough of
NTewxy was formerly in Armagh, but in 1898 it was added to
Down.

Administration .—^The county is divided into three parliamentaiy
divisions, north, middle, and south, the number of registered
electors in 1900 being respectively 10,114, 7363, and 7162.
The rateable value in 1900 was £430,162. By the Local Govern-
ment (Ireland) Act, 1898, the fiscal and adrUmistrative duties of
the gi*and jury and (to a less extent) of other bodies were transferred
to a county council, urban and rural district councils were estab-
lished, and under that Act the county now comprises four urban
and five inral sanitary districts.

-The following tables show the acreage under crops,
including meadow and clover, and the amount of live stock in 1881,
1891, 1896, and 1899. The figures for 1899 are for the new ad-
ministrative county :

—

For 1899 the total value of the cereal and other crops was
estimated by the Registrar-General at £866,848. The number of
aww ^ture ia 1881 was 112,665 j in 1891, 126,180 j and in
1899^ 141,450s

Horses
and

Mules.
Asses Cattle Sheep Pigs. Goats Poultry

1881
isoi
1S05
1899

13,988

14,%9
15,3b7

14,001

2124
2459
2332
2394

77,00b

88,524
80,337

!

88,743

8,970
25,216
18,674
21,093

21,388
81,442
27,957
26,960

;

9,250
10,536
9,216
8,589

396,256

470,673

540,099

616,914

The number of milch cows in 1891 was 31,311, and in 1899,
30,848. It is estimated that the total value of cattle, sheep, and
pigs in 1899 was £1,158,077. In 1899 the number of holdings not
exceeding 1 acre was 1690 ; between 1 and 5, 3735 ; between 5 and
15, 8355 ;

between 15 and 30, 4334 ; between 30 and 50, 1401

;

between 50 and 100, 532 ;
between 100 and 200, 95 ; between 200

and 500, 20; and above 500, only 1—^total 20,163. The numhei
of loans issued (the number of tenants being the same as the num-
ber of loans) under the Land Piuchase Acts, 1885, 1891, and 1896,
up to 31st March 1900, was 1360, amounting to £337,101. The
number of loans sanctioned for agricultmal improvements under
sect. 31 of the Land Act, 1881, between 1882 and 1900 was 99, and
the amount issued, £5203, the smallest amount issued in any Irish

county. The total amount issued on loan for all classes of woiks
under the Land Improvement Acts fiom the commencement of
operations to 31st March 1900 was £22,363, also the smallest

amount issued in any lush county, H. Po )

Arma.grh, a city in the above county, 64 miles N.
of Dublin, and 30 S.W. of Belfast by rail. It ceased to

be a parliamentary borough in 1885. The corporation

was abolished in 1841, and the administration since 1898
has been in the hands of an urban district council. The
Callan, which flows into the Blackwater, passes near the

town, and the Ulster Canal is within 4 miles. There are

frequent markets and a fair once a month. Population

(1881), 10,070; (1891), 7438; (1901), 7569.

Armavir. Two places of this name must be men-
tioned. (1) The ruins of the old capital of Armenia, on

the S.E. slope of the extinct volcano Ala-ghoz, built by
Armais, a grandson of Haik, in 1980 b.c. and the capital

of the Armenian kings till the 2nd century a.d. Now
a small village, Tapadibi, occupies its seat. (2) A district

town of Eussia, Northern Caucasia, province of Kuban, on
Kuban river, and on the main line of the Caucasian Rail-

way, 40 miles by rail west of Stavropol, built in 1848 for

the settlement of Armenian mountaineers, and now a well-

built, growing town with 8000 inhabitants, the merchants

of which carry on a lively trade,

Armenia. (old Persian Armimi, Armenian
Hayasdan, or Haikh) is the popular name of a district

south of the Caucasus and Black Sea, which formed part

of the old Armenian kingdom. The name, which first

occurs in the cuneiform inscriptions of Darius Hystaspis,

supplanted the earlier Urardhu, or Ararat, but its origin

is unknown. In its vndest extent Armenia stretched from

ZT to 49° E. longitude, and from 37-1“ to 41^^° N. lati-

tude ; but this area was never, or only for a brief period,

united under one king. Armenia is now divided between

Persia, Eussia, and Turkey, and the three boundaries

have a common point on Little Ararat.

Geographically, Armenia is a continuation westward of

the great Iranian plateau. On the north it descends

abruptly to the Black Sea
;
on the south it breaks down in

rugged terraces to the lowlands of Mesopotamia; and on the

east and west it sinks more gradually to the lower plateaux

of Persia and Asia Minor. Above the general

level of the plateau, 6000 feet, rise bare ranges

of mountains, which run from north-east to

south-west at an altitude of 8000-12,000 feet,

and culminate in Ararat, 17,100 feet. Between

the ranges are broad elevated valleys, through

which the rivers of the plateau flow before enter-

ing the rugged gorges that convey their waters to lower

levels. Geologically, Armenia consists of archaic rocks

upon which, towards the north, are superimposed Palaeozoic,

Wheat. Oats,
Barley,
Beaus,
etc.

Potatoes. Turnips.
Other
green
Crops.

Flax.
Meadow

and
Clover.

Total

18SX

1891
1895
1899

7161
275S
1204
1408

58,165
'

51,065
49,054
46,344

879

346
j

237
179

'

28,160
26,434
24,602
22,370

7739
$049
8193
8227

2076
2592
1965
1729

16,012
4,966
8,244
1,831

46,172
49,971
63.121
60.121

165,353
146,171
146,620
182,269
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and towards the south later sedimentary rocks. The last Moslems, 4,453,250, or 74 per cent). In the first five

have been pierced by volcanic outbursts that extend south- viMyets, which contain most of the Armenians, the popu-

ward to Lake Yan. Amongst the higher mountains are lation was 2,642,000 (Armenians, 633,250, or 24 per cent;

the two Ararats
;
Ala-geuz Dagh, north of the Aras

;
Bin- other Christians, 179,875, or 7 per cent; and Moslems,

geul Dagh, south of Erzerfim; and the peaks near Lake 1,828,875, or 69 per cent); and in the seven Armenian

Van. The rivers are the Euphrates, Tigris, Aras, Choruk kazas the population was 282,375 (Armenians, 184,875, or

Su, and Kelkit Irmak, all rising on the plateau. The 65 per cent; other Christians, 1000, or 0*3 per cent; and

more important lakes are Van, 5100 feet, about twice the Moslems, 96,500, or 34*7 per cent). In 1897 there were

size of the Lake of Geneva, and Urmia, 4000 feet, both 970,656 ALrmenians in Russia, of whom 827,634 were

salt; Gokcha or Sevan, 5870 feet, discharging into the living in the provinces of Erivan, Elizabethpol, and Tifiis.

Aras
;
and Chaldir, into the Kars Chai. The aspect of the History,—The history of Armenia has been largely in-

plateau is dreary and monotonous. The vaUeys are wide fluenced by its physical features. The isolation of the

expanses of arable land, and the hills are for the most valleys, especially in winter, encouraged a tendency to

part grass-covered and treeless. But the gorges of the separation, which invariably showed itself when the central

Euphrates and Tigris, and their tributaries, cannot be power was weak. The rugged mountains have always

surpassed in wildness and grandeur. The climate is been the home of hardy mountaineers impatient of control,

varied. In the higher districts the winter is long and the and the sanctuary to which the lowlanders fled for safety

cold severe ;
whilst the summer is short, dry, and hot. In in times of invasion. The country stands as an open

Erzerfim the temperature ranges from - 22** to 84“ E., and doorway between the east and the west. Through its

snow sometimes falls in June. In the valley of the Aras, long valleys run the roads that connect the Iranian

and in the western and
southern districts, the

climate is more moder-

ate. Most of the towns

lie high, from 4000 to

6000 feet. The villages

are usually built on
gentle slopes, in which
the houses are partially

excavated as a protec-

tion against the severity

of the weather. Many
of the early towns were

on or near the Araxes,

and amongst their ruins

are the remains of

churches which throw
light on the history of

C^stian architecture

in the east. Armenia
is richin mineral wealth,

and there are many
hot and cold mineral B.VDarhshreSr 07 R Hcwartk EnglMxU, '5

yfes Oxford.,901

springs. The vegetation

varies according to the locality. Cereals and hardy fruits

grow on the higher ground, whilst rice is cultivated in the

hot, well-watered vaUey of the Araxes. The summer is so

hot that the vine grows at much higher altitudes than it

does in Western Europe, and the cotton tree and all southern

fruit trees are cultivated in the deeper valleys. On the

fine pasture lands which now support the flocks of the

Kfirds, the horses and mules, so celebrated in ancient

times, were reared. Trout are found in the rivers, and a

small herring in Lake Van.

Fopulation.—^Accurate statistics cannot be obtained;

but it is estimated that in the nine vild^yets, which include

Turkish Armenia, there are 925,000 Gregorian, Roman
Catholic, and Protestant Armenians, 645,000 other

Christians, 100,000 Jews, Gypsies, &c., and 4,460,000

Moslems. The Armenians, taking the most favourable

estimate, are in a majority in nine kazas or sub-districts

only (seven near Van, and two near Miish) out of 159.

In Russian Armenia there are 960,000 Armenians, and
in Persian Armenia 130,000. According to an estimate

made by General Zelenyi for the Caucasus Geographical

Society {ZapisTc% vol. xviii., Tifiis, 1896, with map), the

population of the nine Turkish vilayets, Erzeriim, Van,

Bitlis, Kharpfit, Diarbekr, Sivas, Aleppo, Adana, and

Trebizond, was 6,000,000 (Armenians, 913,875, or 15 per

cent; other Christians, 632,875, or 11 per cent; and

Sketch Map op Armenia.

plateau with the fertile lands and protected harbours of

Asia Minor, and for its possession nations have contended

from the remotest past.

The early history of Armenia, more or less mythical,

is partly based on traditions of the Biainian kings (see

Ararat), and is interwoven with the Bible narrative, of

which a knowledge was possibly obtained from captive

Jews settled in the country by Assyrian and Babylonian

monarchs. The legendary kings are but faint echoes of

the kings of Biainas ;
the story of Semiramis and Ara

is but another form of the myth of Venus and Adonis

;

and tradition has clothed Tigranes, the reputed friend

of Cyrus, with the transient glory of the opponent of

Lucullujs. The fall of the Biainian kingdom, perhaps

overthrown by Cyaxares, was apparently soon followed by
an immigration of Aryan (Medo-Persian) races, including

the progenitors of the Armenians. But they spread

slowly, for the “Ten Thousand,” when crossing the

plateau to Trebizond, 401-400 B.c., met no Armenians

after leaving the villages four days' march beyond the

Teleboas, now KAra Su. Under the Medes and Persians

Armenia was a satrapy governed by a member of the

reigning family
;
and after the battle of Arbela,

331 B.C., it was ruled by Persian governors

appointed by Alexander and his successors.

Airdvates, 317-284 B.C., freed himseM from Seleucid control;

S. L — 8o
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and after the defeat of Antiochus the Great by the with the old Eoman families or became soldiers of fortune.

Eomans, 190 b.o., Artaxias (Ardashes), and Zadnades, Artavasdes, an Arsacid, usurped the Byzantine throne for

the governors of Armenia Major and Armenia Minor, two years; Leo Y., an Ardzrunian, and John Zimiskes,

became independent kings, with the concurrence of Rome, became emperors
;
whilst Manuel, the Mamegonian, and

Artaxias established his capital at Artaxata on the Araxes, others were amongst the best generals of the empire. In
and his most celebrated successor was Tigranes (Dikran), 991, and again in 1021, Basil II. invaded Armenia, and
94-56 B.o., the son-in-law of Mithradates. Tigranes in the latter year Senekheiim, king of Yaspuragan, ex-

founded a new capital, Tigranocerta, in Northern Meso- changed his kingdom for Sivas and its territory, where he
potamia, which he modelled on Nineveh and Babylon, settled down with many Armenian emigrants. BasiPs

and peopled with Greek and other captives. Here, and policy was to make the great Armenian fortresses,

at Antioch, he played the part of “ great-king ” in Asia garrisoned by imperial troops, the first line of defence on
until his refusal to surrender his father-in-law involved his eastern frontier; but it failed in the hands of his

him in war with Rome. Defeated, 69 b.o., by Lucullus feeble successors, who thought more of converting heretical

beneath the walls of his capital, he surrendered his con- Armenia than of defending its frontier. The king of Ani,

quests to Pompey, 66 b.o,, who had driven Mithradates Kagig 11., was compelled to exchange his kingdom for

across the Phasis, and was permitted to hold Armenia as estates in Cappadocia. The country was raided by
a vassal state of Rome. The campaigns of Lucullus and Seljfiks and harried by Byzantine soldiers, and the

Pompey brought Rome into delicate relations with Parthia. miseries of the people were regarded as gain to the

Armenia, although politically dependent upon Rome, was Orthodox church. After the defeat and capture of

connected with Parthia by geographical position, a common Romanus lY. by Alp Arslan, 1071, Armenia formed part

language and faith, intermarriage, and similarity of arms of the Seljiik empire until it split up, 1157, into petty

and dress. It had never been Hellenized, as the provinces states, ruled by Arabs, Khrds, and Seljilks, who were in

of Asia Minor had been; the Roman provincial system was turn swept away by the Mongol invasion, 1235, Por
never applied to it

;
and the policy of Rome towards it was more than three centuries after the appearance of the

never consistent. The country became the field upon Seljiiks, Armenia was traversed by a long succession of

which the East and the West contended for mastery, and nomad tribes whose one aim was to secure good pasturage

the struggle ended for a time in the partition of Armenia, for their flocks on their way to the richer lands of Asia

A.n, 387, between Rome and Persia. The Roman portion Minor. The cultivators were driven from the plains,

was soon added to the Diocesis Pontica. The Persian agriculture was destroyed, and the country was seriously

portion, Pers-Armenia, remained a vassal state under an impoverished when its ruin was completed by the ravages

Arsacid prince until 428. It was afterwards governed by and wholesale butcheries of Timfir. Many Armenians
Persian and Armenian noblemen selected by the “great- fled to the mountains where they embraced Isldm, and
king,” and entitled rmrzhoMS, Before the partition, Tiri- intermarried with the Kfirds, or purchased security by
dates, converted by St. Gregory, “ the lUummator,” had paying blackmail to Kflrdish chiefs. Others migrated to

established Christianity as the religion of the state, and Cappadocia or to Cilicia, where the Bagratid Rhupen had
set an example followed later by Constantine. After the founded, 1080, a small principality which, gradually ex-

partition, the invention of the Armenian alphabet, and the tending its limits, became the kingdom of Lesser Armenia,

translation of the Bible into the vernacular, 410, drew the This Christian kingdom in the midst of Moslem states,

Armenians together, and the discontinuance of Greek in the hostile to the Byzantines, giving valuable support to the

Holy Offices relaxed the ecclesiastical dependence on Con- leaders of the Crusades, and trading with the great

stantinople, which ceased entirely when the Patriarch, 491, commercial cities of Italy, had a stormy existence of about

refused to accept the decrees of the Council of Chalcedon. 300 years. Internal disorders, due to attempts by the

The rule of the mobrzham was marked by relentless per- later Lusignan kings, to make their subjects conform to

secution of the Christians, forced conversions to Magism, the Roman Church, facilitated its conquest by Egypt,

frequent insurrections, and the rise to importance of the 1376. The memory of Kiligia (Cilicia) is enshrined in

great famihes founded by men of Assyrian, Parthian, a popular song, and at Zeitun, in the recesses of Mount
Persian, Syrian, and Jewish origin, and in some cases of Taurus, a smaU Armenian community has hitherto main-
royal blood, who had been governors of districts, or tained almost complete independence. After the death of

holders of fiefs under the Arsacids. Amongst the Timur, Armenia formed part of the territories of the

nmrzbans were Jewish Bagratids and Persian Marne- ,Turkoman dynasties of Ak- and Kara-Koyunlu, and under
gonians

;
and one of the latter family, Yartan, made their milder rule the seat of the Katholikos, which, during

himself independent (571-578), with Byzantine aid. In the Seljfik invasion, had been moved first to Sivas, and
632 the victories of Heraclius restored Armenia to the then to Lesser Armenia, was re-established, 1441, at

Byzantines
;
but the war that followed the Arab invasion, Echmiadzin.

636, left the country in the hands of the khalffs, who set In 1514, the Persian campaign of Selim I. gave
over it Arab and Armeman governors (ostiJcansy One of Armenia to the Osmanli Turks, and its reorganization
the governors, the Bagratid Ashod I., was crowned king was entrusted to Idris, the historian, who was a
of Armenia by the khallf Mutamid, 885, and founded a Kfird of Bitlis. Idris found the rich arable
dynasty which ended with Kagig II. in 1079. A little lands almost deserted, and the mountains brist-

later the Ardzrunian Kagig, governor of Yaspuragan or ling with the castles of independent chieftains, of Kiird,

Yan, was crowned king of that province by the khallf Arab, and Armenian descent, between whom there were
Muktadir, 908, and his descendants ruled at Yan and long-standing feuds. He compelled the Kiirds to settle

Sivas until 1080. The Bagratids founded dynasties at on the vacant lands, and divided the country into small

E^rs, 962-1080, and in Georgia, which they held until its sanjaks which in the plains were governed by Turkish
absorption, 1801, by Russia. From 984 to 1085 the officials, and in the mountains by local chiefs. This policy

country from Diarbekr to Melasgerd was ruled, under the gave rest to the country, but favoured the growth of Kiird

suzerainty first of Arabs, then of Byzantines and Seljiiks, by influence and power, which by 1534 had spread westwards
Mervamd dynasty of Kiirds, called princes of Abahuni to Angora. Armenia was invaded by the Persians in

(Amxovvtjs). The Arab invasion drove many Armenian 1576, and again in 1604, when Shah Abbas transplanted
noblemen to Constantinople, "where they inter-married many thousand Armenians from Julfa to Ms new capital
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Isfahan. In 1639, the province of Erivan, which included

Echmiadzin, was assigned by treaty to Persia, and it

remained in her hands until it passed to Eussia, 1828,

under the treaty of Turkman-chai. The Turko-Eussian

war of 1828-29, which advanced the Eussian frontier

to the Arpa Chai, was followed by a large emigration of

Armenians from Turkish to Eussian territory, and a smaller

exodus took place after the war of 1877-78, which gave
!

Eatiim, Ardahan, and Kars to Eussia. In 1834 the in-

dependent power of the Kiirds in Armenia was greatly

curtailed ;
and risings under Bedr Khan Bey in 1843, and

Sheikh Obeidullah in 1880, were firmly suppressed.

Gregorian Armenians .—After the capture of Constanti-

nople, 1453, Muhammad II, organized his non-Moslem
subjects in communities, or millets^ under ecclesiastical

chiefs to whom he gave absolute authority in civil and
religious matters, and in criminal offences that did not

come under the Moslem religious law. Under this system

the Armenian bishop of Briisa, who was appointed

patriarch of Constantinople by the Sultan, became the

civil, and practically the ecclesiastical head of his com-
munity {Ernieni and a recognized officer of the

Imperial Government with the rank of vizier. He was
assisted by a council of bishops and clergy, and was
represented in each province by a bishop. This miperivm

in wyperio secured to the Armenians a recognized position

before the law, the free enjoyment of their religion, the

possession of their churches and monasteries, and the right

to educate their children and manage their municipal

affairs. It also encouraged the growth of a community
life, which eventually gave birth to an intense longing for

national life. On the other hand it degraded the priest-

hood. The priests became political leaders rather than

spiritual guides, and sought promotion by bribery and
intrigue. Education was neglected and discouraged, ser-

vility and treachery were developed, and in less than a

century the people had become depraved and degraded to

an almost incredible extent. After the issue, 1839, of the

Hatt-i-Sherif of Gul-khaneh, the tradesmen and artisans

of the capital freed themselves from clerical control.

Under regulations, approved by the Sultan in 1862, the

patriarch remains the official representative of the com-

munity, but all real power has passed into the hands of

clerical and lay councils elected by a representative

assembly of 140 members. The “ conununity,” which ex-

cluded Eoman Catholics and Protestants, was soon called

the “nation,” “domestic” became “national” affairs, and
the “ representative ” the “ national ” assembly.

Roman Catholics,—^The connexion of “ Lesser Armenia ”

with the Western Powers led to the formation, 1335,

of an Armenian fraternity, “the Unionists,” which

adopted the dogmas of the Eoman church, and at the

council of Florence, 1439, was entitled the “ United

Armenian Church.” Under the millet system the

unionists were frequently persecuted by the patriarchs,

but this ended in 1830, when, at the intervention of

France, they were made a community (KatoVnk millet^

with their own ecclesiastical head. The Eoman Catholics,

through the works issued by the Mekhitarists at Venice,

have greatly promoted the progress of education and the

development of Armenian literature. They are most

numerous at Constantinople, Angora, and Smyrna,

Frotestants,—^The Protestant movement, initiated, 1831,

at Constantinople by American missionaries, was opposed

by the patriarchs and Eussia. In 1846 the patriarch

anathematized all Armenians with Protestant sympathies,

and this led to the formation of the “ Evangelical Church
of the Armenians,” which was made, after much opposition

from France and Eussia, a community {Proiestomt millei)^

at the instance of the British ambassador. The missionaries
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afterwards founded colleges on the Bosporus, at Kharpiit,

Marsivan, and Aintab, to supply the needs of higher
university education, and they opened good schools for

both sexes at all their stations. Everywhere they supplied

the people with pure, wholesome literature, and represented

progress and religious liberty.

'^^en Abdul Hamid came to the throne, 1876, the
condition of the Armenians was better than it had ever
been under the Osmanlisj but with the close

of the war of 1877-78 came the “Armenian
Question.” By the Treaty of San Stefano,

Turkey engaged to Eussia to carry out reforms “ in the
provinces inhabited by the Armenians, and to guarantee
their security against the Kiirds and Circassians.” By
the Treaty of Berlin, 13th July 1878, a like engagement
to the six signatory Powers was substituted for that to

Eussia. By the Cyprus Convention, 4th June 1878, the
Sultan promised Great Britain to introduce necessary
reforms “ for the protection of the Christians and other

subjects of the Porte ” in the Turkish territories in Asia.

The Berlin Treaty encouraged the Armenians to look to

the Powers, and not to Eussia for protection * and the

Convention, which did not mention the Armenians, was
regarded as placing them under the special protection of

Great Britain. This impression was strengthened by the

action of England at Berlin in insisting that Eussia should
evacuate the occupied territory before reforms were intro-

duced, and so removing the only security for their intro-

duction. The presentation of identic and collective notes
to the Porte by the Powers, in 1880, produced no result,

and in 1882 it was apparent that Turkey would only
yield to compulsion. In 1881 a circular note from the
British Ministry to the five Powers was evasively answered,
and in 1883 Prince Bismarck intimated to the British

Government that Germany cared nothing about Armenian
reforms and that the matter had better be allowed to

drop. Eussia had changed her policy towards the

Armenians, and the other Powers were indifferent. The
so-called “ Concert of Europe ” was at an end, but down
to 1894 British ministries called the attention of the

Sultan to his obligations under the Berlin Treaty.

Eussia began to interest herself in the Armenians when
she acquired Georgia in 1801 ;

but it was not until 1828-29
that any appreciable number of them became her

subjects. She found them necessary to the

development of her new territories, and allowed

them much freedom. They were permitted, within

certain limits, to develop their national hfe ; many became
wealthy, and many rose to high positions in the military

and civil service of the state. After the war of 1877-78

the Eussian Consuls in Turkey encouraged the formation

of patriotic committees in j^menia, and a project was
formed to create a separate state, under the supremacy of

Eussia, which was to include Eussian, Persian, and Turkish

Armenia. The project was favoured by Loris Melikof,

then all-powerful in Eussia, but in 1881 Alexander II-

was assassinated and shortly afterwards a strongly anti-

Armenian policy was adopted. The schools were closed,

the use of the Armenian language was discouraged, and
attempts were made to Eussify the Armenians and bring

them within the pale of the Eussian Church. All hope

of practical self-government under Eussian protection now
ceased, and the Armenians of Tiflis turned their attentioijL

to Turkish Armenia. They had seen the success of the

Sclav committees in creating disturbances in the Balkans,

and became the moving spirit in the attempts to produce

similar troubles in Armenia. Eussia made no real effort

to check the action of her Armenian subjects, and since

1884 she has steadily opposed any active interference by
Great Britain in favour of the Turkish Armenians. When
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Echmiadzin passed to Kussia, in 1828, the Katholikos

began to claim spiritual jurisdiction over the whole

Armenian Church, and the submission of the patriarch of

Constantinople was obtained by Eussia when she helped

Turkey in her war with Egypt. Eecently Eussia has

secured the submission of the independent Katholikos of

Sis, and has thus acquired a power of interference in

Armenian affairs in all parts of the world. During 1900

Eussia showed renewed interest in Turkish Armenia by
securing the right to construct all railways in it, and in

the Armenians by pressing the Porte to restore order

and introduce reforms.

The Berlin Treaty was a disappointment to the

Gregorian Armenians, who had hoped that Armenia and
Cilicia would have been formed into an autonomous
province administered by Christians. But the formation

of such a province was impossible. The Gregorians were

scattered over the empire, and, except in a few small

districts, were nowhere in a majority. Kor were they

bound together by any community of thought or senti-

ment. The Turkish-speaking Armenians of the south

could scarcely converse with the Armenian - speaking

people of the north
;
and the ignorant mountaineers of the

east had nothing in common, except religion, with the

highly - educated townsmen of Constantinople
Revolu- and Smyrna. After the change in Eussian

^mov^eai
failure of the Powers to secure

* reforms, the advanced party amongst the

Armenians, some of whom had been educated in Europe
and been deeply affected by the free thought and Nihilistic

tendencies of the day, determined to secure their object

by the production of disturbances such as those that had
given birth to Bulgaria. Societies were formed at Tiflis

and in several European capitals for the circulation of

pamphlets and newspapers, and secret societies, such as

the Huntchagist, were instituted for more revolutionary

methods. An active propaganda was carried on in

Turkish Armenia by emissaries, who tried to introduce

arms and explosives, and represented the ordinary

incidents of Turkish misrule to Europe as serious

atrocities. The revolutionary movement was joined by
some of the younger men, who formed local committees
on the Nihilist plan, but it was strongly opposed by
the Armenian clergy and the American missionaries, who
saw the impossibility of success

;
and its irreligious

tendency and the self-seeking ambition of its leaders made
it unacceptable to the mass of the people. Exasperated
at their failure, the emissaries organized attacks on
individuals, wrote threatening letters, and at last posted
revolutionary placards, 5th January 1893, at Yuzgat, and
on the walls of the American College at Marsivan. In the
last case the object of the Huntchagists was to compromise
the missionaries, and in this they succeeded. The
Americans were accused of issuing the placards; two
Armenian professors were imprisoned; and the girls’

school was burned down. Outbreaks, that were easily
suppressed, followed at E^isarfeh and other places.

One of the revolutionary dreams was to make the
ancient Daron the centre of a new Armenia. But the
movement met with no encouragement, either amongst
the prosperous peasants on the rich plain of Miish or in
the mountain villages of Sasiin, In the summer of 1893,
an emissary was captured near Miish, and the governor’
hoping to secure others, ordered the Kiirdish Irregular
Horse to raid the mountain district.

. The Ar-mp.-nifl.-ng drove
off the Kiirds,^ and, when attacked in the spring of 1894,

^

^ The Armenians and Kiirds have lived together from the earliest
iames. The adoption of IsUm by the latter, and by many Armenians,
avided the people sharply into Christian and Moslem, and placed the
CShnstian in a position of inferiority. But the relations between the

again held their own. The Tali now called up regular

troops from Erzingau; and the Sultan issued a firman
calling upon all loyal subjects to aid in suppressing the
revolt. A massacre of a most brutal character, in which
Turkish soldiers took part, followed

; and aroused deep
indignation in Europe. In November 1894 a Turkish
commission of inquiry was sent to Armenia, and was
accompanied by the Consular delegates of Great Britain,

France, and Eussia, who elicited the fact that there had
been no attempt at revolt to justify the action of the

authorities. Throughout 1894 the state of the country
bordered upon anarchy, and during the winter of 1894-95
the British Government, with lukewarm support from
France and Eussia, pressed for administrative reforms in

the vildyets of Erzeriim, Van, Bitlis, Sivas, Memuret-el-Aziz
(Kliarpdt), and Diarbekr. The Porte made counter-

proposals, and officials concerned in the Sasfin massacres

were decorated and rewarded. On 11th May 1895 the
three Powers presented to the Sultan a complicated scheme
of reforms which was more calculated to increase than to

lessen the difficulties connected with the government of

Armenia
;
but it was the only one to which Eussia would

agree. The Sultan delayed his answer. Great Britain was
in favour of coercion, but Eussia when sounded, replied that

she “would certainly not join in any coercive measures”
and she was supported by France. At this moment, 21st

June 1895, Lord Eosebery’s Cabinet resigned, and when
Lord Salisbury’s Government resumed the negotiations

in August, the Sultan appealed to France and Eussia

against England. During the negotiations the secret

societies had not been inactive. Disturbances occurred at

Tarsus; Armenians who did not espouse the “national”

cause were murdered; the life of the patriarch was
threatened ;

and a report was circulated that the Britidi

ambassador wished some Armenians killed to give him an
excuse for bringing the fleet to Constantinople. On the

1st October 1895 a number of Armenians, some armed,

went in procession with a petition to the Porte and were

ordered by the police to disperse. Shots were fired, and a

riot occurred in which many Armenian and some Moslem
lives were lost. The British ambassador now pressed the

scheme of reforms upon the Sultan, who accepted it on the

17th October. Meanwhile there had been a massacre at

Trebizond (8th October), in which armed men from

Constantinople took part, and it had become evident that

no united action on the part of the Powers was to be

feared. The Sultan refused to publish the scheme of

reforms, and massacre followed massacre in Armenia in

quick succession until 1st January 1896. Nothing was

done. Eussia refused to agree to any measure of coercion,

and declared (19th December) that she would take no action

except such as was needed for the protection of foreigners.

Great Britain was not prepared to act alone. In the

summer of 1896 (14th-22nd June) there were massacres

at Van, Egin, and Niksar
;
and on the 26th August the

Imperial Ottoman Bank at Constantinople was seized

by revolutionists as a demonstration against the Christian

Powers who had left the Armenians to their fate. The

project was known to the Porte, and the rabble, previously

armed and instructed, were at once turned loose in the

streets. Two days’ massacre followed, during which from

6000 to 7000 Gregorian Armenians perished. Soon

afterwards the attention of the Turkish Government was

fully occupied by the course of events in Crete.

The massacres were apparently organized and carried

out in accordance wdth a well-considered plan. They

two sects were not unfriendly previously to the Russian campaigns in

Persia and Turkey. After 1829, tke relations became less friendly ;
and

later, when the Armenians attracted the sympathies of the European

Powers after the war of 1877-78 they became bitterly hostile.
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occurred, except in six places, in the vildyets to which

the scheme of reforms was to apply. At Trebizond they
took place just before the Sultan accepted that

Tbemas" scheme, and after his acceptance of it they
sacres.

spread rapidly. They were confined to Gregorian

and Protestant Armenians. The Eoman Catholics were
protected by Prance, the Greek Christians by Eussia.

The massacre of Syrians, Jacobites, and Chaldees at Urfa
and elsewhere, formed no part of the original plan. Orders

were given to protect foreigners, and in some cases guards

were placed over their houses. The damage to the

American buildings at Kharpiit was due to direct dis-

obedience of orders. The attacks on the bazdrs were made
without warning, during business hours, when the men
were in their shops and the women in their houses.

Explicit promises were given, in some instances, that

there would be no danger to those who opened their

shops, but they were deliberately broken. Nearly all

those who, from their wealth, education, and influence,

would have had a share in the government under the

scheme of reforms, were killed and their families ruined

by the destruction of their property. Where any attempt

at defence was made the slaughter was greatest. The
only successful resistance was at Zeitfin, where the people

received honourable terms after three months’ fighting.

In some towns the troops and police took an active part

in the massacres. At Kharpiit artillery was used. In
some the slaughter commenced and ended by bugle-call,

and in a few instances the Armenians were disarmed

beforehand. Wherever a superior official or army officer

intervened the massacre at once ceased, and wherever a

governor stood firm there was no disturbance. The actual

perpetrators of the massacres were the local Moslems,

aided by Lazis, Kiirds, and Circassians. A large majority

of the Moslems disapproved of the massacres, and many
Armenians were saved by Moslem friends. But the lower

orders were excited by reports that the Armenians, sup-

ported by the European Powers, were plotting the over-

throw of the Sultan
;
and their cupidity was aroused by

the prospect of wiping out their heavy debts to Armenian
pedlars and merchants. No one was punished for the

massacres, and many of those implicated in them were re-

warded. In some districts, especially in the Kharpiit vildyet,

the cry of “IsUm or death” was raised- Gregorian

priests and Protestant pastors were tortured, but preferred

death to apostasy. Men and women were killed in

prison and in churches in cold blood. Churches, monas-

teries, schools, and houses were plundered and destroyed.

In some places there was evidence of the previous activity

of secret societies, in others none. The number of those

who perished, excluding Constantinople, was 20,000 to

25,000.^ Many were forced to embrace Islto, and
numbers were reduced to poverty. The destruction of

property was enormous, the hardest -working and best

tax -paying element in the country was destroyed, or

impoverished, and where the bread-winners were killed

the women and children were left destitute. Efforts by
Great Britain and the United States to alleviate the

distress were opposed by the authorities, but met with

some success. Since the massacres the number of students

in the American schools and colleges has increased, and
many Gregorian Armenians have become Eoman Catholics

in order to obtain the protection of Prance.

Ethnology,
—^The original inhabitants of Armenia are

unknown, but, about the middle of the 9th century B.C.,

the mass of the people belonged to that great family of

tribes which seems to have been spread over Western Asia

1 According to some estimates the mimher killed was 50,000 or

more.

and to have had a common non-Aryan language. Mixed
with these proto-Armenians, there was an important

Semitic element of Assyrian and Hebrew origin. In the

7th century b.c., between 640 and 600, the country was
conquered by an Aryan people, who imposed their

language and possibly their name, upon the vanquished,

and formed a military aristocracy that was constantly

recruited from Persia and Parthia. Politically the two
races soon amalgamated, but except in the towns, there

was apparently little intermarriage, for the peasants in

certain districts closely resemble the proto-Armenians, as

depicted on their monuments. After the Arab and
Seljiik invasions, there was a large emigration of Aryan
and Semitic Armenians to Constantinopole and Cilicia;

and all that remained of the aristocracy was swept away
by the Mongols and Tatars. This perhaps explains the

diversity of type and characteristics amongst the modern
Armenians. In the recesses of Mount Taurus the peasants

are taU, handsome, though somewhat sharp-featured, agHe,

and brave. In Armenia and Asia Minor they are robust,

thick-set, and coarse -featured, with straight black hair

and large hooked noses. They are good cultivators of

the soil, but are poor, superstitious, ignorant, and un-

ambitious, and they live in semi-subterranean houses as

their ancestors did 800 years b.c. The townsmen, especi-

ally in the large towns, have more regular features

—

often of the Persian type. They are skilled artisans,

bankers, and merchants, and are remarkable for their

industry, their quick intelligence, their aptitude for

business, and for that enterprising spirit which led their

ancestors, in Eoman times, to trade with Scythia, China,

and India. The upper classes are polished and well

educated, and many have occupied high positiqns in the

public service in Turkey, Eussia, Persia, and Egypt. The
Armenians are essentially an Oriental people, possessing,

like the Jews, whom they resemble in then exclusiveness

and widespread dispersion, a remarkable tenacity of race

and faculty of adaptation to circumstances. They are

frugal, sober, industrious, and intelligent, and their

sturdiness of character has enabled them to preserve

their nationality and religion under the sorest trials.

They are strongly attached to old manners and customs,

but have also a real desire for progress which is fuU of

promise. On the other hand they are greedy of gain,

quarrelsome in small matters, self-seeking, and wanting

in stability; and they are gifted with a tendency to

exaggeration and a love of intrigue which has had an

unfortunate influence on their history. They are deeply

separated by religious differences, and their mutual

jealousies, their inordinate vanity, their versatility, and

their cosmopolitan character must always be an obstacle

to the realization of the dreams of the nationahsts. The

want of courage and self-reliance, the deficiency in truth

and honesty sometimes noticed in connexion with them, are

doubtless due to long servitude under an unsympathetic

Government.

The total number of Armenians is estimated at

2,900,000 (in Turkey, 1,500,000; Eussia, 1,000,000;

Persia, 150,000; Europe, America, and East Indies,

250,000).

See Abich. Geologie d. arr^iimischeti Hocklmdea, Wien, 1882.

—^Bishop. Jourmys vn Fersm and Kurdistan, Loud., 1891.—

-

Bliss. TurMy amd the Armenian Atrocities, Lend ,
1896.

—

Betgb. Transcaucasia and Ararat^ 4th ed. Lend., 1896.

—

Db
CouRSOtrs. Za rebellion arm6ni&rme, Paris, 1895.—Lepsitts.

Armenia and Europe, Loud., 1897.—MURBAT. Handhooh for

Asia Minor, Loud., 1895.—^Parly. Papers, TwrTcey, I., 1895 ;

Tv/rkey, I., II., 1896.

—

Sttpan. “Die Terbreitung d. Annenier in

der asiatischen Turkei, n. in Transkaukasien,” in Pet.

xlii., 1896.—^Tozer. Turkish Armenia and Eastern Asia Minor

^

Loud., 1881.

—

Cholet. Arm^ie, Kurdistan^ et M&sopotamie^

1892.

—

Lynch. Armenia, 2 vols, 1901. (o. W. W.)
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Armeilti^rOSi ^ town of France, department

of Nord, arrondissement of Lille, 10 miles W.N.W.
of that town, on the railway from Lille to Dunkirk.

It has a communal college for boys and one for

girls, a national professional school, hospital, museum,
and small library. It is an important centre of textile

manufactures. Population (1896), 26,714; (1901),

29,401.

ARMIES.
Introductory.

The last quarter of the 19th century saw a great de-

velopment of military forces, but no organic changes.

Armies have steadily grown in size, and the severe com-

petition for predominance in numbers has led to reduc-

tions in the period of service with the colours. At the

same time the principle of universal liability to service has

been rigorously enforced by all the great powers of Europe.

Relatively to that of Prance the population of Germany
has been steadily increasing, and the former country,

unless the period of service is still further curtailed,

must soon find its army considerably inferior in numerical

strength to that of the latter, "Aether or not such

further reduction is compatible with military efficiency

appears to be doubtful. The tendency of modern war is

to increase the demand for careful training of all ranks,

and two years of continuous military life is barely sufficient

to make the average man into a thoroughly competent

infantry soldier, while the technical branches of an army
cannot be adequately instructed in so short a time.

Systems of national education, by developing the recep-

tivity of the recruit and sharpening his faculties, have

undoubtedly facilitated military training; but habits of

discipline, the mutual reliance and mutual knowledge of

officers and men, and the many qualities necessary to the

making of effective military bodies, need time for their

development. While, therefore, the standard of general

intelligence of a population, other national characteristics

being equal, may to some extent regulate the period of

service necessary to ensure military efficiency, there is

evidently a mvriwyum in every case which cannot be

passed without danger. The relatively low intelligence

of the Russian population would probably render it im-

possible to transform the recruit into a trained soldier in

two years, and in the Russian army, as in the British,

the period is long, compared with that accepted in other

great European forces. What the irreducible minimvm is

in any particular case caimot at present be stated. There
have been signs that the short-service system does not
confer the solidarity which existed in the older professional

armies. The Pranco-Qerman war produced an almost
unbroken series of successes for the German arms. The
sense of military superiority conferred by the early

victories on the frontier and maintained by subsequent
experience was a moral factor of supreme importance.
The system brought to perfection by the Germans cannot,

however, be said to have been tested by defeat, and there

were ugly symptoms of panic during the fighting

around Metz, which, in less favourable circumstances,
might have spread with disastrous results. Since this

war, the period of service has been reduced in both
Germany and Prance

;
and while in both countries careful

consideration has been given to all that is implied in the
term organization, and the mUitary machine, as such, has
therefore gained greatly in efficiency, the result, as affect-

ing the solidarity of a gteat army in the field, remains to
be shown. Where the constitution of two armies is

practically the same, and where numbers and military
skni are practically equal, the issue of a contest would
turn upon the characteristics of the race or of the nation.

Ou the other hand, it is possible that an army more

solidly constructed than those of modern Europe might be
found to possess qualities of cohesion and of endurance
which woidd, to a great extent, compensate for numerical

deficiency. It can only be said with certainty that modern
war makes increasing demands upon military training in

every branch, enhances the value of individual military

capacity, and imposes more and more strain upon the

nerve and endurance of the soldier. At the same time,

the race for numerical strength increases the difficulty of

obtaining the necessary qualities without an inordinate

growth of military expenditure and a consequent dislocation

of the machinery of civil life entailed when masses of men
are called up for periodical training. The problem of the

future is to effect a satisfactory compromise between these

conflicting conditions.

Military systems practically fall into two categories—^the

short-service, or German system, which is universal among
great European powers, and which has now extended to

Japan; and the militia system, which in England dates

hack to Saxon times, and which has reached its most
complete development in Switzerland. The first system

aims at sweeping the mass of the able-bodied manhood of

a nation into the ranks for a short period of continuous

training, followed by a long period of furlough and a
further period of liability to service in a national reserve.

During the period of furlough the soldier may be recalled

from time to time to the colours for instruction. The
militia system, on the other hand, imposes an initial

training of six or eight weeks, followed by a general

! annual training of the whole force for a fixed period

during several years, and by a further period in a national

reserve. It is evident that, if the period of service with

the colours in the first system is steadily reduced, there

must come a point at which the second system may pro-

vide the best means of military training. This point

may not have been yet reached; but some authorities,

watching present tendencies, have been led to believe that

the militia system may ultimately supersede that devised

by Scharnhorst, with the powerful support of Stein, for

the military regeneration of Prussia after the disasters of

1806.

The experience of recent years has gone far to modify
the view, cherished in Great Britain, that universal service

is destructive of the industrial vigour of a nation. Under
a rigid system, relentlessly applied, Germany has presented

the spectacle of an amazing commercial development.

It has even been contended that the habits of order, of

discipline, and of self-reliance inculcated by military

training, wisely administered, have played a part in equip-

ping the German people for the industrial competition

upon which they have entered with the most marked
success. In face of facts which cannot be disputed, it

will be difficult in future to maintain that the burden of

compulsory military service necessarily impedes the in-

dustrial progress of a nation and breaks up its civil organ-

ization. The management of public business in Germany
and the handling of great questions of national defence

stand in marked contrast to British methods. Military

training, as enforced upon the best manhood of Germany,

has not benumbed its intellectual vigour, and may have

ingreased its capacity for the orderly transaction of busi-

ness. Personal service is a higher test of patriotism than
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pecuniary contributions, and it is not easy to determine

wMch of the two imposes the greater drain upon national

resources. The British nation must shortly decide be-

tween compulsion and greatly-increased expenditure
; and

while an army habitually required to serve abroad in peace

time cannot be recruited by conscription in any form, there

is a growing tendency to believe that the application of the

ballot for recruiting a militia army may be justified. The
past twenty-five years have witnessed the results of organic

changes in the British army which began in 1870. It

cannot be said that these changes have produced all that

was claimed by their advocates or that the criticisms

expended upon them were entirely without foundation.

The British army has undergone a searching test in the

South African war. Grave defects of many kinds have

been plainly revealed, and a strong demand for radical

reorganization has been the result.

The wars of the past quarter-century have not provided

any specially striking military lessons, but all have pre-

sented points of interest and have emphasized the vital

importance of organized preparation in time of peace. The
Kusso-Turkish war of 1877-78 illustrated the great defen-

sive power of breech-loading small arms, and showed many
tactical defects in the training of the Bussian infantry.

This war, like the war in South Africa of 1899 and 1900,

was entered upon with a totally inadequate idea of the

military requirements. In both cases certain disabilities

on the part of the opposing forces—whether Turks or

Boers—^gave time which enabled the initial defeats to be

redeemed. In the Servo-Bulgarian war of 1885, the

militia army of Servia was opposed to a Bulgarian force

organized on the German principles and supplemented by
Eumelian militia. This conflict presented the remarkable

feature that the whole of the superior officers of the Bul-

garian army, being Bussians, were suddenly withdrawn on
the outbreak of hostilities. To the personal leadership of

Prince Alexander, to the soldierly qualities of the Bul-

garians, and to the remarkable marching power of the

Eumelian militia, the victory over the Servians was

directly due. A small-bore rifle in the modern sense was
employed for the first time by the Servians, and the

Bulgarian field artillery opposed time shrapnel to common
shell with notable success. The China-Japan conflict

of 1894 revealed in the most striking way the great

fighting power of the newly-organized Japanese army and
the marked ability with which it had been prepared for

war, A new military nation may be said to have come
into existence, which must play an important part in the

affairs of the Bar East. The brief Spanish-American war
of 1898 plainly indicated the weakness of volunteer

organizations and the heavy cost entailed by want of

preparation. The small standing army of the United

States was not organized for offensive war ;
but the ex-

cellent quality of the troops averted disaster at Santiago.

The Spanish forces in Cuba showed little enterprise or

capacity; but local conditions had tended to deteriorate

their military qualities, and they did not fairly represent

the army of Spain. The principal result of this war was
to bring about the over-sea expansion of the United States.

This has already entailed a considerable increase in their

military forces. The Act of Congress of Bebruary

1901 authorizes the President to maintain a standing

army of 100,000 men, and to raise local forces in the

Philippine Islands. In the Greco-Turkish war, loose

discipline, bad leading, and want of organization com-

bined to cause the collapse of the Greek army. The
conduct of the campaign by the Turks proved that

progress had been attained under German instruction

since the conflict with Bussia
;
but certain disabilities,

which appear to be inherent in Turkish armies, were again
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manifested. Great Britain has been engaged in military

operations of a varied character in many parts of the

world, thus receiving lessons which were not in all cases

turned to full account. A long series of minor campaigns,

beginning at Alexandiia in 1882, ended at Khartum in

1898. Two considerable wars, in Afghanistan and on the

north-west frontier, were carried on by the Government of

India. The South African war severely strained British

military resources and proved that the standard of prepara-

tions had not been adjusted to meet national requirements.

Ko Power has, during the past twenty-five years, acquired

experience of warlike operations comparable in extent and
variety to that which the British army now has at its

disposal. South America has been the scene of several

conflicts, of which the Chilian civil war of 1891 was, per-

haps, the most important. In this case a military force

was organized ad hoc by a German expert and equipped
with magazine rifles, which were used for the first time on
a large scale.

The period, regarded as a whole, has been marked by a
great expansion of military forces and by successive and
costly re-armaments, both of artillery and infantry. Great
attention has been generally devoted to organization and
all that is implied in preparation for war. The armies of

to-day are larger, better equipped, and more carefully

trained than previously ; and except in Italy, and possibly

in Bussia, there are no clear signs that the burdens of

military service and of military expenditure are at present

pressing with unbearable severity upon the population of

Europe. (a. s. c.)

British Army.

The moment at which the following article was com-
pleted (November 1901) was necessarily an exceptional one
in the history of the British army. The whole j^cctuHiag
system of administration which was introduced and con-

after 1870 had undergone many modifications, diUonsof

and was about to undergo many more. service.

In its general features, nevertheless, the recruiting system

remained that which was introduced by Mr Cardwell in

the years following 1870. It was adopted in the belief

that a much larger number of recruits could be obtained

if they had the option of leaving after a comparatively

short period with the colours. It was assumed that after

three years’ service, at all events in the infantrj^, a man
had learnt all that he was likely to learn, and that it was
more economical for the country after that time to pay
him for some years a small retaining fee, and call him up
only for war. The necessity of sending troops to India

and to distant British colonies did not admit of a strict

application of this principle to the whole army. Whilst,

therefore, the Guards, who do not serve during peace time

in distant parts of the empire, and the Army Service

Corps, which requires large expansion for war and is

not required in India which has its own transport and

supply department, have now for a long period been

enlisted for three years with the colours and nine years

in the Beserve,—the Line, the Artillery, and the Cavalry

are mostly enlisted for seven years with the colours and
five more in the Beserve. From time to time, however,

enlistment for the line for three years has been allowed

concurrently with the longer period.

The pay of the soldier has been slightly improved.

First he was given in 1876 an allowance known as

“ deferred pay.” A daily addition to his pay of 2d. a day

was credited to him in his accounts; but he was not

entitled to receive it till he took his discharge. There

was a considerable conflict of evidence as to whether the

money was valuable to the soldier in enabling him to

start in civil life, or whether it was merely wasted. The
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yast preponderance of the evidence of non-commissioned

officers and men was in its favonr. There was, however,

a strong demand that the soldier should he given not

only a free ration of meat and bread, as he had had for

many years, but that all his food should be provided for

him. The promise of a free ration was said to create the

false impression that the men would have nothing to pay

for their food, whereas a stoppage was made from their

pay to provide groceries. In 1899, therefore, an allow-

ance of 3d. was granted to provide what was absolutely

necessary for the whole messing. At the same time the

deferred pay ceased for those who accepted the messing

allowance. Men serving when the change was made were

allowed to choose whether they would prefer the free

messing or the deferred pay. Some chose one, some the

other. The actual conditions of service in these circum-

stances are as shown in Table C.

Another change has gradually been introduced. The
canteens, which were formerly let out to tenants, and

became, in fact, regulated public-houses and grocery shops

within the barracks, have been placed under the manage-

ment of a committee of officers, and are worked for the

benefit of the men. "Where they are well looked after

very large profits accumulate. These are employed partly

in adding to the comfort of the men’s messes, partly in

providing for emergencies, such as when the men are sent

out on an early movement and require breakfast before

they start, or on the sudden arrival from abroad or from out-

stations of parties of men or of their families. In various

other ways the money is used to provide for contingencies

that can hardly be dealt with at the public expense, such

as the provision of cricket and football implements.

Private benevolence has added greatly to the comfort

of the soldier. Soldiers’ ‘‘Homes” and “Institutes,” set

up by private subscription, give an opportunity for well-

conducted entertainments and for quiet reading and

writing such as would not be possible in the barrack-room.

Some of the best of these are, in fact, excellent clubs,

with good hot and cold water baths, billiard-rooms, and
halls for concert and other performances.

The effect of the short-service system has been neces-

sarily to throw annually upon civil life a very much
larger number of men seeking employment than was the

case formerly. It was some time before adequate agencies

for assisting the men in this respect were brought into

existence, but on the whole the machinery is now very

complete. Partly through the colonels of brigade districts,

partly through the officers of the recruiting department,

partly through the organizations which have been estab-

lished in most well-managed regiments, the men have
much help from the army itself in obtaining situations.

The “National Society for the Employment of Soldiers”

and the “Soldiers’ Help Society” have agencies which
spread into every district of the country. Moreover, the

earlier age at which soldiers now leave the army has this

effect, that most of them have parents or other near rela-

tives still alive, many of whom are in regular employment,
or are able to assist the men in obtaining situations. The
“Soldiers’ and Sailors’ Pamilies Association,” with an
agency in every garrison, is most useful to the married
soldier during peace time. During the strain of the South
African war it was invaluable.

Altogether, the “conditions of service” of the well-

conducted soldier, though they still leave much to be
desired, are beyond all comparison better than those of any
army except that of the United States, in which the rates

of pay are incomparably higher, although in other respects

the physical comfort of the men is not so carefully pro-

vided for. In civil life ^ man has to pay for his own hair

being cut and for repairs to his clothing, but he does

at his own good pleasure. The orderly appearance of the
soldier is a necessity of discipline, and undoubtedly the
fact that these minor payments are not matters entirely of
his own option gives colour to an idea that when he has
to pay for them he has not had the whole of the cash he
expected. It is not a question of a broken promise
to him, but the system will probably be modified in its

working.

The test of an army is not peace, but war. Gauged by
that standard it is not too much to say that, relatively to
the facility with which the British empire is

able to provide men for war on a large scale, the
supply of officers has failed. The ordinary sources

°

of the supply of officers to the army during peace time
are, as they have been for many years, Sandhurst College
for those of the Cavalry, Guards, and Infantry of the line

;

Woolwich for the Artillery and Engineers; and, as a further

source of supply for all, the Militia. In addition, a certain

number of commissions are given in all branches of the

service to cadets of the Koyal Military College at King-
ston, Ontario, and to other colonies, while a few are given
to men from the ranks. Commissions have during the

war in South Africa been given freely through universities,

public schools, and other institutions.

During peace time, as will be seen when we speak of
“ the organization of the higher units for war,” the staffs

necessary for these and for the “lines of communication”
in the field have not been maintained. The loss of

ofiSicers in war is enormous. The consequence has been
that everywhere, whether in the field or at home, the

supply of officers has been wholly inadequate, and the

battalions and regiments have been left deplorably short.

At home, when it was necessary to create new units, the

men could be obtained, but officers, especially experienced

captains and subalterns, were wanting. A nominal “ re-

serve of officers” existed in the sense that officers who
had retired on their pensions were liable to be recalled to

service; but changes in army training have proceeded

with immense rapidity of late years, and when officers,

who had left the army for some years, returned to it they

found the conditions to which they had been accustomed

greatly modified. Captains and majors who returned in

those ranks were the contemporaries in age of men who
occupied the higher ranks in the army.

The disproportion between the officers with the British

army in this and in former times may be best shown thus

:

—In 1815, at Waterloo, Seton’s famous battalion, about

1000 strong, had forty-two subalterns on parade; in the

battle its front was never more than about 500 paces. In

1901 a garrison of 5800 men at Woolwich had for some

months seventeen captains and subalterns, all told, of whom
ten were second lieutenants too young to serve on a court-

martial. At Driefontein (10th March 1900) the Buffs, in-

cluding regimental staff, had one officer per company.

Companies often covered more than 1000 yards.

A very large number (2700) of second lieutenants were

commissioned during the Boer war. Many of these

from the universities, from the Colonies, from various

technical colleges, were men of an excellent stamp,

hut they have for the most part (except those from

Kingston) had no previous military training. Some of

them were twenty-six years of age. So far as their future

prospects are concerned this is a serious matter, because,

in order to keep the various ranks of officers young enough

to be fit for their work, the rule now is that a

Captain (unless he is a brevet-major) must retire at 45 years of age.

A major ,, ,, 48 ,,

Ideutenant-colonel . . . ,, ,, 55

Colonel ,,57
Major-general . . . . ,, ,,62 „
Lieutenant-general or General . „ „ 67 9 ,
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As a rule this is a scale which corrects itself to some

extent, since, if promotion has for a time been very slow,

many men in the senior ranks have to retire, and more
rapid promotion is given to the juniors. The effect of a
war on so large a scale as that in South Africa is to upset

this condition. Large numbers of officers in the senior

ranks are relatively young. The accession of the immense
number of subalterns of the same age as those much
senior to them will force these junior officers out of the

service in large numbers. The circumstances for some
years, therefore, will be very exceptional.

As regards the general question of the supply of officers,

it must be realized that one of the exceptional advantages

of Great Britain as a military power is that it possesses a
larger class of the type from which effective officers can
be drawn than any other country. What restricts the

supply for war is solely that, as a question of economy,

the policy of Great Britain has always been during peace

time to reduce to a minimum the number of officers

actually employed. Many posts are occupied by officers

who are borne on the strength of their regiments and
counted as if they were effective. The result of not main-

taining during peace time the staff appointments required

for war, and of filling a considerable proportion of those that

are maintained with officers who are thus counted twice, is

obviously to leave a very small proportion of the men who
might' be utilized available for war. Very large numbers
of officers are “specially employed” in all parts of the

empire. These cannot be recalled for a war in a particular

part of it. They are borne on the lists of certain

regiments as subalterns or captains, and after a time they

are “seconded,” that is to say that, their names being

placed in italics, their places are filled up by the pro-

motion of other officers. They retain their position in

the regimental list, and may or may not at some time or

other be brought back into the regiment. The demands
of the staff in such a campaign as that in South Africa

are so enormous that the same process has necessarily been

applied to fill it. The effect is .that there are many
regiments of which the nominal establishment is, say,

twelve captains, which actually bear on their lists twenty-

four, of whom twelve are thus “seconded.” The whole
subject is undoubtedly one that requires immediate
attention.

Since 1870 enormous reductions have been made in

the numbers of the higher ranks of the army. Thus,

excluding the Indian army, which had its own list in

1870, and the Indian Staff Corps, which as to officers was
the corresponding body in 1901

—

The Generals have been reduced from 71 to 10.

The Lieutenant-generals ,, 115 ,, 25.

Major-generals ,, 188 „ 74.

At the same time the pay of all the higher appointments
in the army has been greatly reduced. In the first place,

the colonel-commandantships (worth per annum £1800
for a general from the Household cavalry, £2000 for

a general from the Foot Guards, £1000 for infantry,

£994 for the Artillery, and £990 for the Engineers)

have all been abolished. These formerly were held in

addition to the pay of the higher appointments. The
actual pay of the higher appointments—commander-in-
chief, adjutant-general, quartermaster-general, governors

of Woolwich and Sandhurst, &c.—^have all been reduced
by many hundreds a year each. It will be seen, therefore,

that from the increase of the army contemporary with
these reductions in the higher ranks, the transference of

expenditure from the higher to the lower ranks has been
large, and that, actuarially, from the great increase in the

number of junior officers, the prospects held out to an officer
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of reaching the higher ranks have been greatly reduced.

A royal warrant, which came into operation on 1st January
1901, still further reduced the higher ranks. From that

date no promotion from major-general to lieutenant-general

was to take place except as a reward for distinguished

service in the field or to fill an actual appointment. As
the number of appointments held by lieutenant-generals

had been much reduced, this further reduced the number
of lieutenant-generals to fourteen.

It follows inevitably from the fact that officers, other
than regimental officers, have not hitherto during peace
time been employed in the positions which they will

occupy in war, that they have not nearly all been trained

in the specific duties of those positions. The staff is

trained at the “ Staff College ” as far as that is

possible without the discharge of the actual

functions that have to be learnt. The number
of officers that gain this functional training is very
sma^l. There is a great standing camp at Aldershot which
normally in peace time has had the staff for one cavalry
brigade, for three infantry brigades, and for one “ brigade
division” of horse with two of field artillery, besides

the standing staff of the district. These numbers have
been usually increased during the drill season, partly by
bringing in from other stations regular troops, and partly

by the addition of large bodies of militia and volunteers,

.fil branches of the service go through a regular course of

regimental training each year. This is specially designed

to give each company-commander of an infantry battalion,

each squadron - commander of a cavalry regiment, the

opportunity of working up his unit before the whole are

brought together for work under the lieutenant-colonel

commanding the battalion or regiment. The several bat-

talions, regiments, batteries, companies, and squadrons are

inspected by their commanding officers and by the generals

under whom they are serving. There is also a special tech-

nical inspection for the Cavalry and Army Service Corps
by the inspector-general of Cavalry, and for the Artillery

by the generals of Artillery at Aldershot, Woolwich, and
Portsmouth. Musketry instruction has of late years been

given under the general superintendence of musketry
instructors and the supreme regulation of the head of the

school at Hythe, but in detail by the captains of com-
panies. This has been a great improvement in the train-

ing of the officers themselves. The competition between
battalion and battalion and between company and company
has been keen.

Between each rank, from subaltern to captain, from
captain to major, up to the rank of lieutenant-colonel, an
officer is required to pass an examination before a board

of officers, who have to certify that he is fit for promotion.

The examinations involve answers on paper and also the

handling of troops on ground. As a rule, all the paper

questions are only such as an officer might actually have

to deal with when in command of troops. Thus the

system of “training,” apart from special arms, has con-

sisted rather in ascertaining that officers have trained

themselves than in any very systematized method for

giving them that training. The “Staff College,” the
“ Ordnance College,” each train special classes of officers.

Officers on the staff are detailed for “ garrison instruction,”

but in the main the training has depended on battalion

commanders, the effect being afterwards tested.

The training of men is mainly involved in and con-

nected with that of the training of officers; but it is

necessary to add that, in the recruit stage of _ . .

late years, the most important chaffge has been

the large development of gymnastic instruction

on a methodical system, devised for the development of

the several parts of the body. The tendency has been

S. I.— 8i



642 A. R M 1 E S [BRITISH

more and more to substitute this for what used to be I The changes of late years both in the organization and

known as “setting up” drill, which was too formal for

modern requirements, and did not combine the suppleness

with the smartness needed for military purposes nearly

so well as the modern gymnastic course. Moreover, since

one of the great objects of modern training, both for officers

and men, is to carry organization in working down into

the smallest fractions of an army, the training of com-

paratively small gymnastic squads in orderly movement

by their own company officers affords important facilities

for this purpose.

Shortly before the beginning of the Boer war, in the

course of 1897, the cavalry underwent a new organization.

Two cavalry regiments had been despatched to

tion^T South Africa. There were then left in the United

special Kingdom eight regiments on a higher establish-

training ment and eight on a lower, which were each by
of cavalry,

organization made up into three service

squadrons and one reserve squadron. The higher estab-

lishment regiments had 670 men and 465 horses each, the

lower 555 men and 343 horses. The 1st cavalry division

was composed of five regiments on the higher establish-

ment and a composite regiment of household cavalry.

The 6th regiment of line cavalry was detailed as corps

cavalry for the 1st army corps. Each squadron was 140
strong including officers. The object of this reorganiza-

tion was to enable the regiments to start on a campaign
without drawing on other regiments for non-commissioned

officers and men. When the regiments went abroad the

“reserve squadrons” left behind became in fact each

regimental depots. There are always about 200 “non-
grooming ” men in a cavalry regiment required for various

purposes, so that this proportion of horses to men was
deliberately arranged. During the war a great strain was
thrown on the “ reserve squadrons.” As recruits and re-

mounts were poured into them they virtually came to be,

in point of men and horses to be trained, equal in numbers
to a cavalry regiment. The supply of officers and non-

commissioned officers and the “ office ” were wholly inade-

quate for dealing with such numbers. There can be little

doubt that considerable modification will necessarily be
made in this provision for any future emergency.

The Boer war, in which the power of the new weapons
made itself so conspicuous, has naturally led to much
discussion as to the future rdle of cavalry. There is a

disposition to assume that cavalry should abandon its old

position of looking upon manoeuvring facility and the

arme hlancTie as its ruling metier^ and should become,
like the American cavalry of the civil war, a manoeuvring
mounted infantry. It is, however, premature to draw con-

clusions from the incidents of a very exceptional struggle,

and until the question can be more fully discussed it

should not be prejudged. On one point all the experi-

ence of the past may doubtless be trusted. It is

necessary to decide definitely whether cavalry is to rely

on a knowledge of ground, on horsemanship, skill in

manoeuvring, and the arme hlamckey or whether it is to
trust to dismounted fire. To train men both to charge
home and to believe in victory in so doing, and at the
same time to think that their only safety lies in dis-

mounted fire, is a contradiction in terms. It would be
wholly contrary to human nature if such training proved
successful That cavalry, if in the proper use of their arm
they are to act effectively, must be supported and aided by
mounted infantry, is not a new experience, though it bag
been much emphasized * by the South African war. The
immense numbers of mounted men ultimately employed
were a necessary consequence of the peculiar nature of the
contest, and not necessarily a certain element of future war
under normal conditions.

training of artillery have been very numerous. In the first

place the old “ royal regiment ” has been divided

into two distinct branches, so that the promotion

of officers is no longer carried out in one long list. The
officers for the field and horse artillery stand now on one
seniority list for promotion, the garrison and mountain
batteries on another. Within each branch important

changes of organization have been also made. In the

field branch of the regiment, both for “ field ” and
“ horse ” artillery, the battery is no longer the one
“ unit ” for all purposes. A lieutenant-colonel’s command,
which for the present bears the anomalous name of a

“brigade division,” has been created. It consists of a

group in the horse artillery of two, in the field artillery

of three batteries. As yet, the organization is not

carried to its logical conclusion. The lieutenant-colonels

belong to particular stations, the batteries move from
station to station. Thus the elements composing the
“ brigade divisions ” are continually changing. Moreover,

the “staff” of the brigade division is only formed by
taking officers from the batteries temporarily attached to

the command. It is much to be hoped that this may
soon be modified, and a beginning has been made by the

appointment of warrant officers as sergeants-major of the

brigade division. For the training of the horse and field

artillery a large area of ground on the wild open country

of Dartmoor, near Okehampton, has for some years been

utilized. A similar school has been started at Glen Imaal

in Ireland. There it is possible, to a large extent, to

combine the actual firing with service ammunition, the

bursting of shells and the practice at dummies represent-

ing artillery, cavalry, and infantry, with training in rapid

changes of formation and field movements. For these

purposes the brigade divisions move together and are

trained together. An elaborate system of “fire discipline”

has been worked out in order to bring the whole fire of a

battery completely under the control of the officer com-

manding the battery, so that the officer commanding the

brigade division may be able to use his unit for such pur-

poses as may be required by the general’s combinations.

During the winter and early months of the year the

batteries are trained in elementary work at their own
stations. During the summer the brigade divisions give

practical effect to the training either by preference at

Okehampton, or if there be not time for all to go there,

then some have hitherto been sent to Shoeburyness.

A new training ground has been opened on the area re-

cently purchased at Salisbury. There also actual firing

with service ammunition is combined with field move-

ments. This promises to become the most valuable field

artillery school the army possesses. Similarly, with the

garrison artillery, a much more perfect system has been

devised for the regulation and practice of the fire of a

fortress. The whole personnel of the artillery within

coast fortresses is now organized so that the fire can be

brought to bear upon the positions likely to be taken up

by a hostile fleet. The invention and adoption of instru-

ments known as “position finders” and “depression range

finders ” enables the fire to be directed with gi^eat precision

upon given spots likely to be passed by ships. To a large

extent the actual organization of the defence depends on

the special nature of the fortress. The organization of

the defence of a fortress like Gibraltar or Malta must

obviously differ from that of a tortuous channel such as

gives approach to the harbour of Harwich. In general

terms the manning of the sea-board guns of the British

islands depends upon militia and volunteer artillery, with

only a sm^ stiffening of regular garrison artillery and a

proportion of officers of the royal garrison artillery. The
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militia and volunteer artillery are periodically trained in
the different works to which they are assigned. A practice

school for the garrison artillery has been established at

Lydd, but the various coast fortresses themselves carry

out regular practice with service ammunition.

It is one of the peculiar characteristics of the service

of the British army that, from the extent and dispersion

Infantry
empire over the world, it is almost always

at war on a greater or less scale. If the temple
of Janus were, as an indication of peace, closed for one
year, it would have the next to be opened at four doors

for four different wars. Thus in 1900, independently of

Indian frontier expeditions, of which there were more than
one in the year, Great Britain had war in the Egyptian
Sudan, war on the West Coast of Africa, two expeditions

in East Africa, and war in China, whilst the war in South
Africa was going on. The practical training of the British

infantry more than that of any other army is necessarily

affected by this fact. "Rot only are the experiences

through which officers and men pass in these wars very
important in their effect on the preparation which they
give for future war, but they have a great influence on
the permanent training of the army, and especially of

the infantry, during peace time. Now even in this one
year, 1900, no two of the wars were alike in their circum-

stances
;
and, unless the comparison be made between some

two Indian frontier expeditions, hardly in the thirty wars
of the thirty years 1870-1901 would it be possible to find

two of which the tactical conditions were identical. In
these circumstances the actual views which dominate British

schools of training are apt to be modified considerably by
the most recent experience. This modification finds ex-

pression to some extent in the successive drill books which
are issued. It is in reality much more important in its

influence through the decisions given by umpires and the

comments on field days. The influence of the experience

of the great war between France and Germany in 1870
showed itself in the training of the British army for some
years in a much more open order of fighting, in the

continual study of ground with a view to cover, and in

carefully-arranged turning movements. The influence of

wars in which Zulus and Mahdists showed the power of

determined attacks pushed home regardless of loss, had
its effect on our training in a tendency to encourage

frontal attacks provided that a certain numerical superiority

was attained at a given point. The actual training im-

parted at any given period in the camps at Aldershot or

Salisbury has oscillated much between these extremes.

The training of the other arms being largely dependent on
the principles adopted for infantry in defence and attack,

it is safe to say that there is this necessary contrast

between the adequate training of the British army and
that of any other European Power, that vdth the British

army the officers at least, and to some extent the men, require
to be prepared for many varied circumstances and condi-

tions, whereas in the training of other European armies

the conditions under which they wOl enter upon war are

fixed and well known beforehand. The extent to which
a British army is prepared by training for a given war
must depend on the extent to which all the conditions of

that war have been studied beforehand. In one respect,

however, so far as the infantry is concerned, all wars are

alike. In every war the most important power of infantry

depends on the efficiency of its training in the use of the

rifle. In this respect several changes of importance have
been made of late years in the British army. First, the

actual detail training of the men has been put into the

hands of the company officers, and they have been made
responsible for it. Secondly, at Bisley and other places

^ system of ‘‘field-firing” has been introduced. This
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consists in a most valuable combination between manoeuv-
ring to take up the right position from which to bring

fixe to bear, and the actual shooting at dummies placed

to represent different bodies of troops arranged so that

they can be made to appear unexpectedly in a position

previously unknown. Further, the combination between
drill manoeuvres and shooting has been improved by
requiring the actual orders for all firing to be given

during the course of drill manoeuvres in such a way as

to determine the object to be fired at, the range, and the

nature of the fire. Nevertheless, recent experience makes
it almost certain that, under the present conditions of

war, almost all firing will become individual and inde-

pendent. The purchase of a large area of ground near
Salisbury has given scope for manoeuvres on a much larger

scale than was possible formerly. As, independently of

this, an Act has been passed to give facilities for the

carrying out of manoeuvres on varied ground to be chosen

from time to time, it is to be hoped that when events

at home resume their normal course, annual manoeuvres
may be carried out in different parts of the countiy. The
system of training at present consists during the winter

in regularly graduated route-marches, accustoming the

troops to carry their equipment and arms for long dis-

tances. At the same time indoor and barrack-yard in-

struction is given in elementary duties, in the principles of

scouting and protection on the march, and in such other

matters as may tend to interest the men in their work,

such as the nature of their weapons, accounts of what the

battalion has done in the field, and of other incidents of

war. In the spring each company in succession is relieved

of all other duties in order that it may go through a

course of systematic instruction under its company officers.

After the different companies have been inspected by the

lieutenant-colonel and employed against one another in

minor field days, the battalion is worked together as a
whole. At Aldershot, the Curragh, and at special camps,

the brigades of infantry are then worked together, after

which the training ceases to be arm training and becomes
that of the combined arms. In principle, and according

to the instructions issued from headquarters, all training

is conducted on the principle of giving great latitude to

the company commanders, accustoming them to decide for

themselves, and to train the subordinates under them to

exercise similar responsibility. In practice it is to be
feared that old habit and military conservatism have
tended to keep all responsibility and power too closely

in the hands of the lieutenant-colonel. Probably one of

the most important effects of the South African war will

be to bring before the eyes of the army the indispensable

necessity of training all officers to exercise an increased

responsibility. In any case training for war depends

much more upon the spirit which in these respects

animates an army than upon any formal regulations.

The special training of the Engineers is mainly given

at Chatham, and embraces a very great variety of subjects,

practically all the technical work of the army as

described in the article Engineers. As an “arm
”

of the service ” it is a common delusion to speak of the

engineers as essentially “defensive.” The experience of

the South African war has perhaps tended to modify this

popular error. Strategically the offensive action of the

army there, as always in modern wars, has depended on

the rapid construction of railways, the restoration of de-

stroyed bridges, and generally on those means of rapidly

improved facilities for advance for which an army depends

on the engineers. For that reason, even in Napoleon’s

time, engineers have always been present with the ad-

vanced parties of every column when moving forward

with an army. Without the pontoon train, bridging
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detaclimeiits, and the parties for removing obstacles, an

army would be incessantly delayed, independently of the

necessity for much larger operations on great rivers and

on the general lines ot railway. The changes that have

taken place and are continually taking place in the detail

of engineer organization and equipment simply consist in

the adaptation to military purposes of the progressive

advance of science. Otherwise there is little to note in

any changes of organization in the corps. The develop-

ment of hasty entrenchment in connexion with the move-

ment of armies in action has become and promises to

become still more one of the most marked features of the

present phase of war. It is at least as important on the

offensive as on the defensive side.

The Boer war has concentrated attention on the extreme

importance of the rapid transfer of shooting power from

point to point of a field of battle or of a campaign.
Motmted exceptional circumstances of the campaign
n an ry,

perhaps tended to leave an undue impres-

sion, both of the degree in which this is a novelty and of

the extent to which it promises to dominate future warfare.

Napoleon gained most of his excejitionally brilliant battles

during the 1814 campaign, when with a handful of men
he was keeping back the overwhelming masses of Allied

Europe by this very means. He moved from side to side

of the theatre of war the whole of his brigade of guards

on country carts. It must be understood that the horses

or cobs that are employed with the detachments of infantry,

who have been trained at Aldershot and elsewhere, are

only intended to supply the place of Napoleon’s country

carts. It may for various reasons be doubted whether

under most conditions of warfare the cart is not the

vehicle to be preferred. It is a question of circumstance.

The Boers were a nation of trained riders and trained shots.

In its Colonial troops and in some of the home yeomanry

the British Empire possesses similar material. It is obvi-

ously desirable to utilize this material. The question is

altogether apart from that change of the equipment, rOle,

and training of the cavalry arm, which has been discussed

under cavalry. At present there is no organized body of

mounted infantry as such as a peace branch of the British

army. Eor the purposes of the Boer war regularly formed

brigades of mounted infantry have been created out of the

various contingents of mounted infantry furnished by
home battalions and the Colonial corps.

There can be no doubt that, especially in a country like

England of numerous and excellent roads giving immediate
access to favourable ground in which to delay

and puzzle an invading enemy, the bicycle has

established itself as a most valuable agent in war. It is

certain that the tendency of time will be greatly to enhance
its importance not merely for the purposes for which it has

been frequently used, those of saving horses by its use for

orderlies and for scouting, but for delivering more con-

siderable bodies within the fighting area. There are such
large numbers of men available who can both shoot and
ride, or who can do one and would easily learn to do the

other, that it is impossible that this valuable material

should be long left to go to waste. Only practice and
organization are needed to develop a most useful auxiliary

in the defence of the country, and the volunteer companies
that have been started promise to be the forerunners of a
new arm for the British army.

The transport and supply departments have been formed
into the Army Service Corps, organized by companies

with senior officers locally appointed, very much
as is done in the case of the royal artillery. The
Army Service Corps is administered through these

senior officers directly from the War Office, under
the orders of the several general-officers commanding dis-

tricts. The officers appointed to the Army Service Corps
after a probation from regiments of the line, during peace

time undertake the purchase of forage, and have under
their immediate supervision such transport as is kept up
during peace time. They have the privilege of being

appointed to the staff for what are known as B duties, that

is, virtually for the work of the quartermaster-general’s

department—^food-supply and transport for man and beast.

Contracts for these are made by them under the authority

of general - officers. They superintend the bakery estab-

lishments and the abattoirs.

Hitherto in the matter of transport one large branch has
been distributed to battalions under the title of “ regimental

transport.” It was taken charge of and cared for by the

battalions. It would seem probable, from the reports

on the subject made by Lord Eoberts, that this arrange-

ment will be modified. Originally it was designed to

enable regiments to have transport always available for

their immediate needs on the march, and to bring up their

supplies from the local depot. This was objected to in

Africa, because it depiived the army at large of the services

of that part of the transpoit which belonged to battalions

not at the time on the move.

The Army Ordnance department was reconstituted on
31st March 1900. The Army Ordnance Corps is immedi-

ately under the director-general of ordnance, and ^ ^
.

. j. jxi i?
• • 1 j Ordnance,

consists, as to officers, of a principal ordnance

officer ranking as major-general, of eight Ist-class ordnance

officers ranking as colonels, of fifteen 2nd-class ordnance

officers ranking as lieutenant-colonels, of twenty-five 3rd-

class ranking as majors, of fifty-three 4th-class, of com-

missaries of ordnance, deputy commissaries of ordnance,

assistant-commissaries of ordnance. It is charged with

providing, receiving, holding, and issuing munitions of war,

military stores, clothing for use in camps, and both clothing

and necessaries for use in the field. The corps consists of

eleven companies with a depot company. It is, so far as

the personnel of these companies with their non-commis-

sioned officers and men is concerned, administered from

Woolwich by the ordnance officer, 2nd class, who is in

command of the depot there. He acts for this purpose

as staff-officer to the director-general of ordnance. It is,

however, difficult to say whether the functions of this

department are more important at home or in the field.

Some estimate of the nature of its functions may be

formed by the following list of articles sent out to South

Africa before the fall of Pretoria. We have not the figures

of a later date, but obviously the special strain was prior

to that event. Afterwards it became simply a question of

keeping up such further supplies as were asked for. We
record the figures chiefly because we believe them for a

despatch to a campaign 7000 miles off to be unique in the-

world’s history.

Ammunition.

Over 105,000 rounds for the 12-pr. horse artillery gun

„ 330,000 „ „ 16-pr. field gun

„ 30,000 „ >> „ 6-in. howitzei

„ 20,000 „
Nearly 21,000 ,,

)> „ 6-in. gun
7 } „ 4-7 gun

„ 380,000 „ 5 J ,,
pom-pom (37 millimetres)

Drab suits .

Clothing.

, , much over 200,000

Khaki suits . about 80,000

over 870,000Boots (pairs)

Woollen drawers . „ 400,000

Jerseys 200,000

Worsted sooks „ 850,000

Cotton socks
Flannel belts „ 400,000

Flannel shirts „ 500,000
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General Stores,

Circular tents ..... 18,000 or thereabouts
Blankets over 420,000
Wateipoof sheets . . . ,, 300,000
Camp kettles . . . . ,,37,000
Horse rugs .... about 100,000
Sets often or six spare mule harness, neaily 6,000

The medical department is administered from the War
Office by a director-general and his staff. It is now formed

into the Eoyal Army Medical Corps, to which
Medical officers are gazetted with commissions. The

Army Medical Staff consists of ten snrgeons-
general. The Koyal Army Medical Corps con-

sists of colonels, lientenant-colonels, majors, captains, and
lieutenants. There are about 900 officers in all, besides

50 quartermasters. There are 36 warrant officers, 336
staff-sergeants and sergeants, and before the war rather

more than 2000 rank and file. These were supplemented
during the war by civil surgeons specially engaged for

the war, both in South Africa and at home, and by the
employment of volunteer medical orderlies. The chief

geneial hospitals are at Netley, Woolwich, and Aldershot.

There are also station hospitals, lunatic hospitals, and
hospitals for women and children.

For service in the field, bearer companies, field hospitals,

station hospitals, base hospitals, and general hospitals at

various points on the lines of communication have been
set up. Convalescent homes, both for officers and men,
were found necessary in the South African campaign,
and would probably be always used in any protracted

operations. In the army corps organization one bearer

company and one field hospital is attached to each brigade

of cavalry or infantry, one field hospital to each of the

divisions as such, and one field hospital to the corps

troops. With the army corps there are six bearer com-
panies, ten field hospitals. During a campaign a medical
officer is attached to each unit and has especial charge of

the regimental stretcher-bearers.

Each ‘‘ general hospital ” has a staff of women nurses,

consisting of one superintendent, eight nursing sisters, two
female servants.

An attempt has been made of late years to connect the

militia and volunteers more closely with the regular forces

by constituting every corps, whether of militia

Forces*^ Or volunteers, as a “ battalion ” in name at least

of a particular regiment of which other regular

battalions formed part. As the several battalions of

regulars and militia or volunteers are never or only
accidentally associated, the arrangement is little more
than a paper one. Independently of this the volun-
teers have been nominally formed into brigades under
‘‘brigadiers.” These officers have little or nothing to

connect them with their brigades except on those few
occasions when the brigade is, as a whole, brought out to

a camp of exercise. Normally during peace time all the
work of inspecting and carrying on the correspondence of

volunteer battalions and batteries is done by the colonel

of the “regimental district,” who has under him the depot
of the regular battalions and all the militia and volunteers

of the territorial region to which the regiment is assigned.

He in fact constitutes the link between the several auxiliary

forces and the regular battalions. The adjutants of the

volunteers, and the adjutants and quartermasters of the
militia, and the non-commissioned officers forming the

“permanent staff” of the militia, and the instructors of

the volunteers, are detailed from the regular battalions of

the regiment, but at that point the coimexion has hitherto

stopped. The numbers of militia on the 1st January 1901
were 92,741, and of volunteers, 277,900. During the
year 1900, in consequence of the Boer war, the whole of

the militia were embodied, that is to say, called up for

home service and regularly brought on pay. Thirty-five

battalions, having volunteered for service abroad, were
sent to South Africa, St Helena, or the Mediterranean.

This has been the customary practice of war in relation

to the militia, and constitutes them an exceedingly valu-

able force for setting free the active army in the field.

Unfortunately, during peace time their opportunities for

rifle practice had been so limited that comparatively few if

any of these men had been through any musketry training

before they sailed for their foreign station.

In the case of the volunteers the patriotic zeal of the

year 1899-1900 led to a new departure, and created a new
hnk between them and the regular battalions of the “ regi-

ments” to which they both belonged. Seven thousand
volunteers joined by companies the regular battalions, and
were enlisted as regular soldiers for the year, while 2163
volunteers enlisted in the army reserve.

Seeing that the “ British army ” is the army as it is in

war, it appears advisable to show in the following Table A,
taken from the report of the inspector-general of

recruiting, the different sources from which the

number of regularly enlisted forces for home army.
and colonial service had been increased from
290,914, at which it stood on 1st January 1900 after the

general mobilization, to 406,443 by the Ist January 1901.

This shows only non-commissioned officers and men,
and allows for loss by death (10,153) and other causes,

in all, including deaths, 37,269. It is put after the

auxiliary forces because it will be seen how largely they

contributed to swell the total. The regular forces on the

Indian establishment of all arms and ranks are given in

the army estimates at 63,023. These, the total establish-

ment of officers, the militia (100,008), various colonial

militia, the remainder of the army reserve after mobiliza-

tion, the native Indian regiments (22,313), the yeomanry

(8657), the volunteers (277,900), and the numbers on the

general staff have to be added to those in Table A.

Together they make up a total, exclusive of the local forces

of the seK-governing colonies, of about 840,000.

Table A.

—

Home and Colonial JEstahlishment

(Bank and File),

Effective on

1st

Household cavalry
January 1900

1,244
1st January 1901.

1,518
30,075Cavalry of the line . 21,389

Impeiial Yeomanry . . . 8,824
Eoyal Artillery

—

Horse and Eield . 25,888 34,046
Garrison 21,982 24,886

Eoyal Engineers 9,436
11,740

12,780
Foot Guards 13,846
Infantry of the line . 178,745 216,221

17,961Infantiy, reserve regiments
Colonial troops . 8,512 30,221
City of London Impeiial

Volunteers^ .

Army Service Corps .

Army Ordnance Corps
5,069 7*536

1,593 1,984
5,561Eoyal Army Medical Corps 4,068

Army Pay Corps
Army Post Office Corps

558 621
160 374

All arms . 290,384 406,443

The term “mobilization” is one which is in fact due
to the short-service system. It implies the calling up of

the “ reserve ” created by relegating to civil life

the trained soldiers who are held to serve when
called upon. It imphes the complete equip-

ment and clothing of all that part of the army which is

“ mobilized ” with equipment and clothing not necessary

for peace service, but kept ready for war. It implies a

1 Effective (1900) less than ojieyear, 1664.
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vast increase in the number of horses required by the army The organization of an army for war is designed to

brought in from civil proprietors who have their names make it a body as flexible and mobile as possible in the

registered for the purpose. It implies the creation of a hands of its commander. The ideal army that

new “reserve” to keep up the numbers of the units in the Wellington had formed by the end of the Pen- of

^

field. This new reserve is formed in the following way :— insular war was one that could, as he expressed higher

When the “ reserve ” soldiers are called up to the colours it, “go anywhere and do anything.” The or-

those young soldiers who are not sufficiently trained to ganization of the British army during peace time

take their places in the ranks, or are not yet of a suitable has hitherto been essentially an organization by stations—

a

age to be sent out, are relegated to depots left at home, stationary organization. The units composing the several

their place being taken by the men from the reserve, garrisons of the stations are in a continual state of flux

There are also a large number of the “reserve” who are and reflux. There has hitherto been no higher organiza-

not required to fill up the vacancies in the battalion going tion anywhere maintained as a whole complete in all

out. These become what are known as “ excess numbers.” its parts for more than a short time* In part this

Naturally, the men left behind are at various stages of is an inevitable consequence of the different conditions

training. Some of them will in a month or so have com- of service between the army of a world-wide empire and

pleted their musketry training, and will then be quite fit that of countries like France and Germany, which have

to take their places in the ranks. Others have been laid all their peace duties within a ring-fence of the borders of

up by some temporary accident or passing malady. It their fatherland. The corps which in Germany occupies

results from this that every month there are always coming a particular district is designed to move as a whole when

on fresh men ready to take their places in the army at the it is required for war. The troops, which in England are

front. The “ excess numbers ” of the reserve help largely stationed in a certain locality, have two entirely distinct

to supply any deficiency. In this way, as a matter of fact, functions. The several units are on a roster for foreign

the numbers in units at the seat of war, as they have service, and will each in their due turn go to India or the

suffered from the attrition that wears them down in the Colonies, being replaced by other units from abroad. In

field, have been kept during the South African campaign the event of war they have hitherto been formed with

more regularly supplied with drafts than has been the other units into brigades, divisions, and army corps, but

case in any other in which the British army has ever they have not been in these organizations prior to the

been engaged, and much more perfectly than is recorded preparation of the expeditionary army. The generals to

as the ordinary condition of most armies during a cam- command and the staffs to direct them have been appointed

paign. It is therefore a point not worth discussing for the special purpose. To this there are two slight ex-

whether the term “ reserve ” is or is not properly applied ceptions to be made. At Aldershot, in addition to the

to the particular men who are called the reserve (because, stationary headquarters staff of the general in command,

as it is said, a “ reserve ” ought not to consist of men who there have been stationary brigadier-generals with their

are, many of them, at once put into the ranks in the field), staffs. The units composing the brigades have been in

That mistake, if it be a mistake, has been made by every the same condition of flux and reflux as the other parts

nation in Europe
;
but in any case, the reserve behind the of the British army. Aldershot was, up to the time of

front, the reserve which fiUs up the losses of a campaign, the acquisition of the ground at Salisbury, the one great

has been provided more perfectly by this system than by training-place of the British army in England, just as the

any other that Great Britain has ever had. Moreover, Curragh is in Ireland, It is still the principal training

for the purposes of keeping up a uniform strength at the school of the army. Therefore, in order that all parts

front, it is one that continually and automatically renews of the army may share in this training, battalions and

itself, because, by the time that the “ excess numbers ” batteries have been only kept there for a short tour and

and the earlier lists of young soldiers who have been then either gone out to stations abroad or taken their

gradually sent out to the war in drafts have been exhausted, turn at other stations at home.

this reserve is supplied from fresh sources. Men wounded Thus the permanent peace organization of the higher

in the early stages of the campaign, or indisposed without parts of the British army has remained as described in

being very seriously iU, begin to arrive at the depots after the ninth edition of this Encyclopaedia, one of district

convalescence. The recruits enlisted since the war are, commands. The organization for war has been a paper

many of them, beginning to come to maturity. The organization, different in practice for each campaign,

interest and excitement of the war has drawn back into the according to its nature, but having as a basis the tabular

ranks older trained soldiers who have offered themselves, statement of units given in Table B, which is at present

In short, from various causes the drafts can be filled up the paper organization of an army corps,

month by month. This, of which we have given such an The other exception to the rule of perpetual flux and

ideal sketch as presented itself to the minds of the framers reflux has been the brigade of Guards. The three regi-

of the scheme, is precisely what happened during the ments of the Grenadier, the Coldstream, and the Fusiher

South African war. That was the value and importance of Guards, to which was added in 1900 the regiment of

those 90,000 odd soldiers of whom we have heard as exist- Irish Guards, are not liable to ordinary or colonial service,

ing in England after the main army had been sent to South Therefore, their organization at home remains constant,

Africa, who, though they were not an army fit to take the and they are available as a whole for active service in the

field because they were only “details,” were yet an invalu- same organization in which they are trained in peace. The

able element in keeping up the fighting strength of the army, close connexion by short steam journey with Gibraltar

It is necessary further to observe that, whereas for caused that fortress to be treated for a short time as a home
Germany or France the time which mobilization ought station, and garrisoned by the Guards in order to reduce

to take depends on a competition in readiness with a the number of line battalions abroad in proportion to those

neighbour across a frontier, for Great Britain that time at home. That arrangement was soon given up, and it may
depends on quite a different consideration. If the men are therefore be treated as a temporary episode, but it did not

completely ready to embark as soon as the ships can be very materially affect the broad distinction between the

made ready for them, that represents the time and the permanency of the Guards’ organization and the perpetual

only time at which there is any object in aiming for any change of all other units. The new scheme laid before the

otifier purpose than that of home defence. House of Commons by Mr Brodrick in 1901 was an attempt
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to meet the diificulty which has hitherto prevented the

training at home of bodies such as are at once required

for action in the field. It is pointed out in the ninth

edition of this work that “as the battle-field is the

ultimate object of all preparation, administrative con-

siderations must give way to tactical ones where they
clash, and all organization must conform to the tactical

requirements of the day.” Unfortunately, the adminis-

trative difficulties which attend a vast empire, a free

constitution, and voluntary service, and the indispens-

able condition of presenting an economical budget, have
hitherto prevented the practical application of this sound
principle. In order to create the reserve for filling up
the ranks for war, and to provide for the colonial reliefs,

it was arranged that there should be a battalion at home
which should supply the battalion of the same regiment

abroad with the annual draft required. This consideration

became so paramount, that the importance for the purpose

of training staffs for their work in war, and, therefore, of

having constituted staffs to train, fell into the background
at a time when the nation only calculated upon having to

prepare for minor operations. There can be no doubt that

the South African campaign plainly showed that trained

staffs, accustomed to work together, and each to know
its own particular share of the work, are indispens-

able to the smooth working of a large organization.

The plea that it is frequently necessary to send out

forces no larger than a division, and, therefore, that

an army corps is not wanted, is not a strong one, because

a division, or a force of similar strength, will not be
the less effective because it is taken out of a larger body
habitually associated with it, and out of which it can be

supplemented by other troops with which it has regularly

worked.

We give in Table B the ordinary composition of a British

army corps, because it is well that the term should be

understood ;
but, ever since this form of organization for

armies was created, army corps have been of an infinite

variety of form. All that the term implies is that it is a

little army complete in itself, formed of every branch of

the service, and being made up with all that is necessary

to enable it to take its place in the field : that in itself it

stands ready for war as soon as it has been mobilized. An
army made up of army corps consists of several associated

small armies, each capable of independent action in aH
respects. The “ divisions,” though called “ infantry divi-

sions,” in fact consist of all arms, and frequently the

several arms have been distributed throughout the

divisions to form what are called “mixed divisions.”

In the German army there is a double organization by
which, while the several arms are associated together,

unit by unit, larger bodies of each arm are for the

purpose of working in larger bodies of the arm associated

together.

The great difficulty which encounters any attempt to

associate large bodies of troops in England without flux

Sa / of
reflux, lies in the necessity of making pro-

i^ops
^

vision for the constant interchange and relief

for India between the units at home and abroad. The
and the “ ery Qf the exiles ” is too strong to permit of
Colonies.

being left abroad for more than a reason-

able number of years, and experience has shown that there

are grave disadvantages in allowing two separate systems

to grow up in different parts of the empire. On the whole,

it has proved better for the training of drafts that they

should not be sent direct from depots to India, but that,

after a few months with the depot, they should be passed

to battalions which will, in turn, later in the year, send on
a draft to the sister battalion in India. In order that this

may not injure the home battalion it is necessary that the

draft should bear only a limited proportion to the strength

of the nucleus of the battalion, and that the draft supplied

early in the year to the home battalion from the depot

should considerably exceed the draft to be sent out later

to India; but, if provision be made to that effect, the

system appears to work best for both battalions. A
similar allowance is necessary for the cavalry, and even

more for the artillery, because in the case of batteries it

becomes a question, if the draft is too severe, of the loss

of specially trained men. Independently of the movement
of drafts, the change in units will involve special provision

if the value of the permanent organization by army corps is

not to be lost.

Table B.—The Army Corps.

Officers.

Warrant
and

N.-C. Officers

and Men.

Total.

Staff 34 137 171
3 Infantry Divisions . 978 29,124 30,102
1 Cavaliy Regiment 25 506 531
Headquarters Cavalry Regiment

.

7 44 51
Corps Artillery (6 field, 2 horse

batteries) .... 60 1,639 1,699
Ammunition Park 20 672 692
Regimental Staff Corps Engineers 2 6 8

1 Pontoon Troop 6 208 213
1 Telegraph Division . 6 238 244
1 Balloon section 3 51 54

1 Field company 7 205 212
1 Field Park .... 1 44 46

1 Railway company . 5 153 158
1 Battalion Infantry . 29 981 1,010
Supply Column .... 6 145 151
Supply Park .... 9 531 540
Fidd Bakery 5 312 317
Field Hospital .... 5 56 61

Grand total with Field Force . 1207 35,052 36,259

Detail left at base .
1

87 3,299 3,886

Transport-
Horses, riding

„ draught
Pack animals

2837
7234

76

Total .... 10,147

Vehicles

—

Carts, 1 horse

,, 2 horses

Waggons, 4 horses

. 6 ,,

55
309
514
523

Total .... 1401

The War Office, as at present constituted under the

supreme and absolute authority of the Secretary of State

for war, is regulated, so far as its military per-

sonnel is concerned, by an Order in Council of office and
the 7th March 1899. That Order, altering in general

certain respects the Order in Council of 21st ^dminis~

November 1895, which is cancelled by it, pro-
®

vides for the distribution of the military branch

into five great departments—those of the commander-in-

chief, of the adjutant -general, of the quartermaster-

general, of the inspector-general of fortifications, and of

the director-general of ordnance. Each of these officers

“ advises the Secretary of State ” directly on all questions

connected with the duties of his department.

The several officers are assigned duties which may be*

summarized thus :

—

Commmder-in-Chief.
—“Principal adviser” and “general

superintender” of military departments. He is charged

with the issue of army orders, inspections, the distri-

bution of and “mobilization” of the land forces, with

schemes of offensive and defensive warfare and military
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information, with reconmiending for commissions and

proposing officers for promotion, honours, appointments,

and rewards.

Adjutant-GeneraL—Discipline, military education and

training, patterns of clothing and necessaries, returns

and statistics of personnel, enlistment and discharge, and
establishments. In the absence of commander-in -chief,

acts for him.

QwhTternuisUT - General.— Food, forage, fuel, light,

quarters, land and water transport, remounts, movement,

distribution of stores and equipment, the administration of

the Army Service Corps and Pay Department, sanitation.

Inspector - General of Fortifications. — Fortifications,

barracks, and store - buildings, inspection of ordnance

factory buildings, military railways and telegraphs, War
Office lands and unoccupied buildings, submarine mining

stores. Estimates for Engineer services, appointment

and removal of officers Royal Engineers, technical instruc-

tion of Royal Engineers.

Director-General of Ordnance.—^Warlike stores, equip-

ment, clothing, the direction of the ordnance committee

and manufacturing departments. Armament patterns,

inventions and designs, inspection of all stores. The
administration of the Army Ordnance Department and
Army Ordnance Corps; annual estimates for these services.

The most important part of the War Office is, however,

not mentioned in the Order in Council. The sinews of

war ’’ have at all times been money, without which neither

could the army exist nor any military operation in peace

or war be undertaken. It is true that, as a kind of

appendix to the Order in Council, the statement is made
that “the financial secretary is charged with the whole
finance of the army in gross and detail ”

;
but it is not

mentioned that the “War Office” is a great permanent
civil service, which has both independent offices, with
its own heads, and also permeates the whole of the five

departments. The Secretary of State has under him, in

addition to the officers charged with the five depart-

ments and the financial secretary, a parliamentary under-

secretary, who represents him in the House to which he
himself does not belong, and a permanent under-secretary,

who is the head of the permanent civil service of the

War Office.

The enormous relative power of the civil service within
the War Office, as compared with the military heads of

departments, depends on the fact that these latter are

appointed for five years at a time, and pass and repass

through the War Office, while the War Office civil service

is a permanent body which preserves all the traditions of

decades, and can cite at will the records of opinion given
at different epochs by soldiers who have temporarily
occupied chairs in the office. Soldiers, like doctors,

lawyers, and parsons, when called in to diagnose a case,

do not always exhibit an absolute and instant agreement
in the statement of their views. A Secretary of State
holding all authority is necessarily much more likely to

be impressed with the consistency and weight, and the
method of a carefully collected catena of opinions, than
with the comparatively casual dicta of men, very much
overworked as compared with the officers of any other
department of the kind in Europe, and relatively un-
familiar with the office aspect of a question. The prac-
tical result is, that the ordinary conviction of nearly every
soldier employed within the office has been that he was
helplessly in the hands of the permanent officials. This
is altogether apart from the question of the supreme
authority of the Secretary of State as the representative

of the Cabinet,

The committee which in 1901 reported on the re-

U>rganization of the War Office appears to have taken this

[BRITISH

view of the question, and to have considered that a better

state of things would be produced if the authority of the

War Office were largely devolved upon the army corps

commanders to be created under Mr Brodrick’s scheme.

The practical possibility of this would appear ultimately

to depend upon the extent to which Parliament will be
content to accept reference to the army corps commanders
as a final one as long as they are sustained in office. It

is obvious that if the Secretary of State is to answer in

Parliament for every incident that takes place in every

army corps no practical independence can be left to any
of them. Everything must be reported to the War Office

in order to satisfy the demands of the House. It is a

large question which can only be judged in its practical

outcome.

In accordance with the recommendations of the com-

mittee on War Office Reorganization presided over by Mr
Clinton Dawkins in 1901, the Secretary of State directed

that in future the “War Office Council” should be con-

stituted as follows:—^President—the Secretary of State

for War. Members—the Commander-in-Chief
; the

Parliamentary Under-Secretary of State
;
the Permanent

Under- Secretary of State; the Financial Secretary; the

Quartermaster-General; the Insj)ector“General of Forti-

fications; the Director-General of Ordnance; the Adjutant-

Gteneral; the Director-General of Mobilization and Military

Intelligence
;
the Director-General, Army Medical Depart-

ment (for medical and sanitary questions)
;
the Secretary

of the Council
;
and such other members of the staff of

the War Office as may be specially summoned from time

to time. In the absence of the Secretary of State, the

Commander-in-Chief acts as president.

A Permanent Executive Committee of the War Office

was also ai)pointed, with the object of co-ordinating the

business of the office and of ensuring that combined action

might be taken in matters affecting more than one

department. It consists of the following :—the Per-

manent Under-Secretary of State, or, in his absence, the

Assistant Under-Secretary of State, chairman
;
the Deputy

Adjutant-General, or, in his absence, an officer selected

by the Adjutant-General
;
the Assistant Quartermaster-

General, or officer selected by the Quartermaster-General

;

a Deputy Inspector-General of Fortifications, or an officer

selected by the Inspector-General of Fortifications; the

Deputy Director-General of Ordnance, or an officer selected

by the Director-General of Ordnance; an officer of the

Mobilization section of the department of the Director-

General of Military Intelligence ; an officer of the

Intelligence section of the department of the Director-

General of Military Intelligence
;
the Deputy Accountant-

General, or an Assistant Accountant-General
;
the Deputy

Director-General, Army Medical Department, or an officer

selected by the Director-General
;
the Assistant Director

of Contracts; the Secretary of the War Office Council,

who will act as secretary of the executive committee.

In addition to the above, the “Army Board,” which

consists of the Commander-in-Chief, the Adjutant-General,

the Quartermaster - General, the Inspector - General of

Fortifications, the Director-General of Artillery, with

usually the military secretary, as assessor, and the

Director-General of the Army Medical Department now

«added, meets at such times as may be fixed by the

Commander-in-Chief,

Table C.--Terms of Service.

» With the In the
Corps. Colours. Reserve.

Boys 12 —
HoTisehold Cavalry . 12 —
Cavalry of the Line 7 5

Royal Artillery 7 5

ARMIES
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Table C.—TevYus of SeTvice—continvsd.

Corps.

Eoyal Engineers

—

Sappers for Companies and for 1st and
2nd Divisions Telegraph Battalion .

Sappeis foi Budging Battalion ,

Drivers

With the
Colours.

Diiver 13
Household Cavalry . ..19
Cavalry of the Line 12
Royal Field Artillery

—

Gunner 1

Driver 1
Royal Garrison Artillery

—

Gunner 1

Royal Engineers

—

Sapper 1 IJ
Foot Guards . 11
Infantry of the Line 10
Aimy Service Corps 10
Royal Aimy Medical Corps .... 1 2
Army Ordnance Corps 12
Boys, all corps, until they attain the age

of 18 0 8

With an addition, in all corps, of 3d. a day messing
allowance on obtaining a certificate of military eflS.ciency

from the commanding officer.

In the
Reserve.

Military Mechanists .... 12
Railway Reserve . , . . ^
Telegraph Reserve , . . U 3 3
Submarine Mining Reserve . . J

Foot Guards

—

Bandsmen 12
Other Recruits 7 5

or 3 9
Infantry of the Line .... 7 5

or 3 9
Royal Army Medical Corps 7 5

or 3 9
Aimy Service Corps .... 3 9
Army Ordnance Corps

—

Armourer, MachineryArtificer Sections 12
Other Recruits 7 5

I)a%ly Rate of Pay of Lowest Rank.
c ^7

Royal Horse Artillery

—

Gunner

Sm CL

. 1 4

The actual working out of Mr Brodrick’s new scheme
for having six army corps organized in the United King-

dom had not been promulgated at the time when

IcbemJ^^
it was necessary for this article to go to press.

It was only known that Aldershot, Salisbury,

and Dublin were to be the headquarters of the three active

army corps, and Colchester, York, and Edinburgh of

what may be called the three sedentary army corps. The
scheme had involved much labour, but, even on paper,

the detailed distribution of the several units of the army
into their brigades, divisions, and army corps, and the

definition of the territorial limits of the commanders^
authority, did not appear to have reached its final stage.

It has, we believe, been decided that there will be one

marked difference between the new army corps and those

which are known as such on the Continent, In Russia,

Erance, Germany, and Austria the several ranks of senior

officers have direct relation to the functions which they

fulfil. Normally the army corps is commanded by a

general, the division by a lieutenant-general, the brigade

by a major-general, the regiment forming an intermediate

link between the brigade and the battalion. In England
this intermediate link does not exist as a part of the pro-

gressive expansion of the army from its smaller to its

larger organism. The regiment forms the connecting link

between the battalions at home and those abroad, and in

;some sort between the regular and auxiliary battalions.

It is not intermediate between the battalion and the

brigade. It appeared, from the indications furnished, to

be intended to appoint colonels as brigadier-generals to

command the brigades, major-generals to command the

divisions, while three lull generals (Sir Redvers Buller, Sir

Evelyn Wood, and the duke of Connaught) were appointed
to the first command of the three active army corps, though,
on Sir Redvers Buller’s retirement in October 1901 Ms
successor in the command of the 1st Army Corps, Sir

John French, was a major-general with the local rank of

lieutenant-general. If this be so, the rank of lieutenant-

general would virtually disappear from the ordinary
course of the military hierarchy during peace time. As
experience has shown in South Africa, it becomes a very
necessary link in any considerable war, and major-generals
have been appointed with ‘‘local and temporary” rank as

lieutenant-generals accordingly. This step as to the peace
organization would have the further importance of gieatly

limiting the possibility of promoting major-generals during
peace time. The royal warrant already referred to makes
that promotion dependent upon there being a specific

appointment to which the promotion is made. The fill-

ing up by major-generals of the specific appointments
wMch in foreign armies are reserved for lieutenant-generals,

obviously affects this question very materially, and practi-

cally would produce the result that nearly all officers who
reached the rank would terminate their career as major-
generals.

Two departments, each of which proved during the Boer
war to be inadequate for the work assigned to it, have been
the subjects of recent and special investigation, viz., the

army medical department and the remount department.

Experience has shown that the attractions offered by army
medical service have not been adequate. Briefly, the new
scheme is as follows :—The department is to be adminis-

tered by an “Advisory Board” of nine members under
the chairmanship of the Director-General. Two of these

are to be officers of R.A.M.C., two civil physicians, two
civil surgeons, one representative of the War Office, one re-

presentative of the India Office. It advises on all medical
army matters, including promotion of officers, thus super-

seding the “ promotion board,” which hitherto has dealt

with that subject. The scale of pay is to be

—

Lieutenant “on probation and Lieuten-
ant, in all

Captain (after 3 years* total service)

£323 10 0 per annum.

99379 15 2
7

99 99 • J> )} 400 0 0 99

99 99 9 9 99 99 477 15 2 99

Major „ 12 „ ,, ,, 537 12 10
9 9

Major (after 3 years as such) 632 12 10
9 9

Lieut.-Colonel (after 20 years* service) . 713 15 4 99

„ (selected to an establish-

ment of 50) 804 15 4 99

Colonel 953 10 10 99

Surgeon-General 1500 0 0

Director-General 2000 0 0 99

Candidates must be British subjects of unmixed European
blood, under 28 years of age, with good references and
a registrable qualification to practise. Provision is made
for examinations prior to appointment and promotion to

each rank. Previous to each of these the candidate will

have the opportunity of attending, partly at Netley, partly at

selected civil hospitals, courses of instruction in the special

subjects in wMch he is required to pass. Before pro-

motion to captain and before promotion to major, he may,

by passing exceptionally well, obtain an acceleration of

promotion varying from 3 to 18 months. Brevet pro-

motion may be given either for distinguished service

in the field or other exceptional service not in the field.

The creation of an instructional military hospital and
military medical staff college is proposed A retaining

fee of £25 per annum is proposed for such medical officers

as, after 3 years’ service as lieutenants, go to a reserve of

officers.

S. I.— 32
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The nursing service is to be called “ The Queen Alex-

andra’s Imperial Military jN^ursing Service,” and governed

by a board under the Queen as president. The pay

ranges from the matron-in-chief, from .£-250 to £300 per

annum (by £10 annual increments), with lodging allow-

ance, to nurses, £25 a year to £35 (by £2, 10s. annual in-

crements). The ranks are principal matrons (from £110),

matrons (from £70), sisters (from £37, 10s.), nurses, and

female servants.

An almost equally elaborate scheme had been proposed

for the reconstruction of the army remount department,

but it would appear that financial considerations caused

it to be abandoned. No department within the scope

of its possibilities accomplished harder or more valuable

work during the South Mrican war. (j. r. m.*)

British Colonial Forces.

The British colonial forces proper are those raised and

maintained by the colonies at their own expense, either for

local purposes or as a voluntary contribution towards

imperial defence. The relative prominence of these two
objects necessarily depends mainly on the position and
population of individual colonies or groups. Canada
must maintain a considerable land force for the defence

of a long land frontier, while fortunately the chance of

hostilities with the United States is sufficiently remote

to enable the empire to count on Canadian troops under

other conditions. Newfoundland, being little liable to

attack and having small financial resources, has not

hitherto kept up any military force beyond a few armed
police; advantage has, however, now been taken of the

exceptional advantages the colony offers as a source

of supply of men for the royal navy in war. The
Australian states, including New Zealand, derive security

from their position against organized invasion so long

as British naval supremacy is maintained in Far Eastern

waters. Though in a maritime war their land forces

would in part be required for protecting their ports

against predatory raids, they would doubtless be largely

available for offensive operations in aid of imperial

strategy. In the West Indies the function of local troops,

largely native, must be looked upon as entirely local

defence; in Bermuda and Jamaica they are auxiliary to

imperial garrisons; in the Leeward Islands, Barbados,

Trinidad, British Guiana, and British Honduras, they
secure internal tranquillity in peace and guard against any
possible raiding attack from a cruiser in war. A small
white corps in the Falkland Islands has been raised to

serve the latter purpose. In West Africa considerable

forces of armed natives are maintained to secure the
peaceful administration of the more turbulent parts of

Sierra Leone, the Gold Coast, Lagos, and Northern and
Southern Nigeria, In St Helena, the eastern colonies of

Ceylon, the Straits Settlements, and Hong Kong, colonial

volunteers, mainly European or of European descent,

form valuable auxiliaries to the regular garrisons of the
imperial coaling stations in these colonies. There are
also native armed police in the two last, and a Sikh force,

maintained by the confederated Malay States, would in
war furnish assistance to the Singapore garrison. Armed
police in Labuan and Fiji, assisted by white volunteers in
the latter colony, maintain order in peace and would
resist predatory attack in war. An armed constabulary
of Papuans secures the internal quiet of British New
Guinea.

In the self-governing colonies the colonial forces are
administered by a defence department, which in Canada,
Tictoria, and New Zealand, is under a minister of defence;
in Natal, under the minister of lands and works, and in

the other colonies under the prime minister or the chief

or colonial secretary. In Canada, West Australia,

Queensland, and New Zealand, the forces are commanded
by imperial officers lent to the colonial Governments

;
in

South Australia, Victoria, and Tasmania, by officers of the
local forces. In Cape Colony and Natal their command
in war devolves on the generals commanding the imperial

troops. This is also the case in crown colonies where there

are imperial troops permanently stationed. In the Lee-
ward Islands, Trinidad, and British Guiana, the militia or

volunteer forces are commanded by an officer who has also

the armed police of the colony under him, and the same
arrangement was proposed for the volunteer force raised

for Barbados to replace the imperial troops withdrawn
from that island. A few imperial officers, in addition to

the commandant, are employed on the headquarters staffs

of several of the self-governing colonies, and the frontier

forces of West Africa are almost entirely officered from the
imperial regular or militia service.

The permanent troops of Canada, corresponding to the
regular forces of the imperial army, consist of 2 squadrons
of cavaby, 2 field batteries, and 2 garrison companies of

artillery, and 4 companies of infantry. The North-West
Mounted Police, though enrolled under civil law, are

practically a fine military force. The only permanent
forces of Cape Colony and Natal are the Cape Mounted
Rifles and the Natal Police, who have proved themselves

most efficient soldiers. There are armed police organized

as a military force in Bechuanaland, Basutoland, and
Rhodesia. In Australia and New Zealand the regular

troops consist of forces of artillery and engineers, and a

small staff of officers and non-commissioned officers for other

branches. In the West Indies the permanent forces are

-armed native police, and in West Africa native constabulary

organized on an entirely military basis. There are armed
police at the Straits Settlements, Labuan, Hong Kong,
Fiji, and British New Guinea, and the Malay States

Guides in the Federated Malay States are permanent
troops.

The establishments of permanent troops in the different groups.

of states are approximately as follows :

—

North America 1,700
South Africa 3,200
Australasia 2,000
Mediterranean (Cyprus) . . . 700
West Indies 2,800
West Africa 8,000
Eastern colonies 3,400

Total . 21,800

These figures do not include the armed police of the Australian

states and of New Zealand, of which certainly the mounted
branch could be made available in war, and would be highly

efficient as mounted infantry.

The pay of a private soldier in the permanent forces in Canada
is 2s. 0|d. (Jr dollar) a day. In South Africa it is 5&. or 6s

,
in

New South Wales and Queensland, 2s. 3d., in Victoria, 3s. 6d.,

and in New Zealand, 5s. or 6s. The native armed police in the

West Indies receive at the rate of 2s. to 3s. a day, the frontier

forces of West Africa, Is. or Is. 3d., and the armed police and
constabulary in the eastern colonies from 8d. to Is.

In Canada, Natal, West Australia, and Queensland,^ men
enlist in the permanent forces for three years, in Tasmania for

five, in Cape Colony for five in the first instance, and afterwards

for fresh periods of three years at the expiration of each former

period, and in Victoria and New South Wales for five years, with

the option of re-engagement for a further period of five years.

The periods for which natives enlist in the armed police forces

of the different West Indian colonies vary from one to six years.

It has been proposed to make the term of enlistment in the West
African frontier forces a uniform one of seven years, and to en-

courage re-engagement. Five years is the usual period in the

East African colonies.

The colonial forces, apart from the permanent troops dealt with

above, comprise the following units of cavalry, mounted infantry,,

infantry, artillery, and engineers, partially paid and unpaid.
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Colony. Cavalry

(Squadrons). Mounted

Infantry
(Coys.).

Infantry.

Field
Artilleiy

(Btns.).

Garrison

Artillery

(Coys.).

Engineers

(Coys.).

Btns. Coys.

Canada 37 1 89 9 17 31 2
Jamaica . . . • 6 2
Leeward Islands 1 3
Trinidad . 4 8

British Honduras 2

,,
Guiana . 4

Falkland Islands 1
Gold Coast 3

St Helena . 1

Cape of Good 13 7 9 2
Hope

Natal 26 2 1

Ceylon 1 13 1

Straits Settle- ... 1

ments
Hong Kong ... 1 1

AY. Australia 8
j

2
S. Australia ‘s ... 18 2 2
Yictoria . 9 5 10 3 7 1

New S. Wales .
2 Regts, 4 8 2 4 2

Queensland 12 5 2 2 3
Tasmania . 3 • • • 2 1
New Zealand 18 9 9 5 9 5
Fiji . ... 5

There are also medical services, including officers and men, In
Canada, Cape Colony, South Australia, New South Wales, Queens-
land, New Zealand, and Ceylon. One or two of the colonies have
the nucleus of an Army Service Corps.

The establishments of partially paid and unpaid troops in the
different groups of colonies are approximately as follows ;

—

North America 34,700
South Africa 9,800
Australasia 28,600
West Indies 3,000
West Africa 400
Eastern colonies 1,900

78,400

These numbers, representing approximate peace establishments,
are capable, especially in the first three groups, of large expansion
in war by the accession of men who, from their ordinary conditions
of life, possess considerable military aptitude.

Service in all the forces is at present entirely voluntary, in the
sense that there is no man now serving who has been compelled to

enrol, but the actual laws governing the forces in Canada, South
Australia, Queensland, Tasmania, New Zealand, Jamaica, the
Leeward Islands, and British Guiana provide for the ballot, if

authorized establishments cannot otherwise be kept up, or in war.
In Canada, Cape Colony, and New Zealand, all male inhabitants
of fighting age can be called out for a 1&q46 en masse.

Apartfrom the permanent troops,the whole ofthe forces of Canada,
Natal (though called volunteers), West Australia, South Aus-
tralia, Jamaica, and British Guiana, are partially paid, i,e,, all

ranks receive pay during peace according to the military duties they
perform. Those of Cape Colony, Tasmania, New Zealand, the
Leeward Islands, Trinidad, British Honduras, the Ealkland
Islands, St Helena, the Gold Coast, Ceylon, the Straits Settle-

ments, Hong Kong, and Fiji are unpaid, except when called out
for active service, though most of the corps receive capitation

grants for efficients. In Yictoria, New South Wales, and Queens-
land, tho^h the bulk of the troops are partially paid, there are

also unpaid corps. The forces in Jamaica, though termed militia,

do not receive pay for the ordinary drills laid down by law. The
general tendency of late years has been to substitute partially paid
or militia for unpaid or purely volunteer troops, as with the
former it is found possible, under the conditions which obtain in
most of the colonies, to get greater efficiency than with the latter.

In Canada the daily rate of pay for a militiaman during training
is 2a. 0Jd. In Natal a volunteer, ifmounted, 6s., and if dismounted,
6s. for each day’s training. In South and West Australia a man
receives 5s. for each of a certain number of paid drills. Militia-

men in Yictoria, New South Wales, and Queensland, can by
attendance at specified parades, and by efficiency earn £6 : 5s.,

£6 : 8s., and £7 per annum respectively. The daily rate of pay
for a militiaman in Jamaica, during continuous training as distinct

from ordinary drills, is 2s.

The period of service as laid down in Militia or Yolunteer
Acts of Canada, Natal, West Australia, Yictoria, Queensland,
Tasmania, Jamaica, Trinidad, and British Guiana, is three years.
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In South Australia it is two years in the active force, and three
in the reserve. For the Cape and New Zealand it is not less than
one year. For New South Wales, and for the colonies not men-
tioned above, where the local forces are entirely volunteers, no
period of service has been laid down, men being allowed to cease
serving on giving noticevarying from fourteendays to three months.

There is consideiable variation in the amount of annual training
undergone by the various colonial auxiliary forces. As far as it is

provided for by legislative enactment, the average number of days’
training in the year is about twelve. In Canada, Queensland, and
Tasmania, eight days is laid down as the minimum, and sixteen as
the maximum period, but in Queensland the maximum does not
include eight days’ continuous training which may be ordered by
the governor. In South Australia the maximum for the active
force is twenty-four days, and the minimum twelve of five hours

;

for the reserve twelve days’ training is requned. In New Zealand
168 hours is the maximum. In all the Australasian states the
partially paid troops frequently hold voluntary parades. The
regulations for the unpaid volunteers in Cape Colony require
for efficiency twenty-seven drills in the first year’s service, and
eighteen in subsequent years

;
those for the paid volunteers in

Natal lay down ten days in camp or twenty-four drills. In
Jamaica the Militia Act provides lor twelve ordinary drills, in
addition to target practice and inspection parades, and in British
Guiana for twelve days’ drill a year.

All the colonies have already, or are now acquiring, rifles of the
same calibre as those used in the imperial army, and the greater
number of these rifles are of Lee-Metford or Lee-Enfield pattern.

In field artillery there is more diversity, but this is likely to be
remedied in the future. With regard to fixed armaments, apart
from those provided by the imperial Government at the imperial
fortresses and coaling stations, the Governments of Natal, of the
six Australian states, and of New Zealand, have mounted
powerful guns at their principal ports. British Guiana has de-
fended Georgetown, and Trinidad, and Barbados are likely to
follow suit when the state of their finances makes it possible for

them to do this in addition to maintaining defence forces. Canada
has contributed largely to the protection of Esquimalt

;
and Ceylon,

the Straits Settlements, and Hong Kong, to the defended coaling

stations in these colonies. For the supply of war material the
colonies are still largely dependent on Great Britain, hut Canada
has a cartridge factory, and shell foundry, and there are private

anomunition factories in Australia and New Zealand, capable of

manufacturing ammunition for Government small arms.

Colonial naval forces are practically confined to South
Australia, Victoria, New South YV’ales, and Queensland.

South Australia owns a protected cruiser, Victoria an
armoured turret-ship and five torpedo boats, New South
Wales two torpedo boats, and Queensland two gun-

vessels and two torpedo boats- To man these ships there

are altogether some 200 permanent and 1400 partially

paid or unpaid ofi[icers and men. In view of the fact that

a considerable imperial squadron, to which the Australian

states and New Zealand contribute £126,000 annually,

is always maintained in Australasian waters, and that the

states have also provided by fixed defences against the

raiding attacks of cruisers on their ports, it is difficult to

say what function is played by the local naval defences of

Australia. There is undoubtedly a desire in Australia to

make some contribution in jpersoruml as well as in money
to the naval forces of the empire, and the question as to

how this can most effectively be done by men thoronghly

trained at sea will require consideration. New Zealand,

besides contributing to the imperial navy, keeps up
naval volunteers, but these are really noflitary femes trained

in the duties of garrison artillery and submarine mining.

The preventive service in Canada, which includes

some 500 officers and men, cannot at present he

looked upon as a fighting force. Arrangements are being

made for utilizing the fishermen of Neif^oundland for the

royal naval reserve. Cape Colony makes an annual

money contribution of £30,000 to the imperial navy, free

of all conditions. Natal makes a contribution of 12,000

tons of coal. It has also naval volunteers; but these,

though they have given proofs of their excellence in

manning guns of position, have no sea training, and are

more properly included in the military forces of the

colony.



•The following table shows the colonial military and naval expenditure as taken from the latest estimates and accounts :

—

Group, Colony.
Military and
Naval Ex-
penditure.

Population
(estimated
31/12/97).

Military and
Naval Ex-
penditure
per head of
Population.

Remarks.

Mediterranean . Gibraltar

Malta

£
‘

5,709

20,699

177,745

s. d.

0 6 Contiibution.

Cyprus 25,990 229,286 2 3 Armed police.

North America . Canada 502,709 5,185,990 1 11 Permanent and Militia force and North-west

Newfoundland 8,275 208,000
16,098

52,000
706,394

0 9

Mounted Police.

Armed police.

a n
West Indies

Bermuda
Bahamas 2*000 0 9 Armed police.

Jamaica 67,401 1 11 Armed police, Militia, and allowance to Imperial

Leeward Islands 11,235 129,751 1 8

troops.

Armed police and defence force.

Windward Islands 9,500 154,543 1 2 Armed police.

Barbados 23,972 190,000 2 6 Armed police and allowance to Imperial troops.

Trinidad 57,689 275,863 4 2 Armed police and Volunteers.

British Honduras 6,863 34,277 4 0 1) it

„ Guiana 54,296 286,484 4 0 Armed police and Militia.

Falkland Islands 150 2,050 1 0 Volunteers.

West Africa Gambia 4,816 13,057 8 4 Armed police.

H »9 Sierra Leone 24,299 /No tiust- ... Armed constabulary and allowance to Imperial

Gold Coast 53,163
worthy
statistics

troops.

Armed constabulary and Volunteers.

a i> Lagos 35,049 / atpresent' ... Armed constabulary.

Southern Nigeria 45,077 available ...

9) 9} Northern ,, for these ... Expenditure on armed constabulary at present

it 99 St Helena 95
colonies.

3,897 0 6

covered by grant from Imperial Exchequer.
Volunteers.

I

South Africa Cape of Good Hope 309,504 2,143,100 2 10 Cape Mounted Rifles
;
Volunteers

; contribution to

9 9 9 9
Natal 117,452 811,189 210

Navy and allowance to Imperial troops.

Natal police, Volunteers ; contribution to Navy and

9 9 99 Basutoland 13,137 250,000 1 0
allowance to Imperial troops.

Armed police.

9 9 99 Bechuanaland ... £49,425 covered by grant from Imperial Exchequer.

Armed police and Volunteers (British South Africa99 99 Rhodesia 238,487 ... ...

99 99 Mauritius 27,630 ! 377,856 1 5
Company).

Contribution and allowance to Imperial troops.

Asia . Ceylon 145,399
142,266

3,298,342

1,175,656

010 Volunteers, contribution, and allowance to troops.

99 Straits Settlements 2 4 Malay States Guides, armed police, Volunteers, and

99

(including Malay
States)

Labuan and British (not known)

contribution.

Armed police.

99 .

North Borneo
Hong Kong 88,321 248,710

155,749
7 1 Armed police, Volunteers, and contribution.

Australasia • West Australia 16,635 2 1 Military forces and contributions to Navy, and to

99 South Australia 82,776 361,045 1 9
Federal fortresses in Australia.

99 Victoria 179,392 1,176,268 3 0 (Military and Naval forces, contributions to Navy
99 New South Wales 233,997 1,335,800 3 6

1
and to Federal fortresses in Australia.

99 Queensland 94,401 484,700
171,719

3 10 J
99 Tasmania 13,996

169,944
1 7 Military forces and contribution to Navy.

99 New Zealand 768,910 4 5
it )> it

9f Rji 2,283 121,798 3 4 Armed police and Volunteers.
99 British New Guinea 3,044 3,360,000 Armed police.

Besides Colonial forces proper there are what are officially known
as Colonial corps, consisting of troops raised in the Colonies and
India, and paid by the Imperial Government for garrison duty at
the Imperial fortresses and coaling stations. The Colonial corps
at the present time comprise the West India regiment (three
battalions), West African regiment, British Central African regi-
ment, Hong Kong regiment, and Chinese regiment

; the Koyal
Malta artillery, the West Indian, West African and East African
companies of artillery, submarine miners, and fortress engineers

;

the Royal Malta militia, the Bermuda militia artillery
; and the

Bermuda volunteer rifle corps. These corps number altogether
some 10,000 regular, 2500 militia, and 300 volunteer troops, and
are under the direct control of the War Office. In addition to
these Colonial corps under the War Office there are certain other
troops of the Empire which also, not being properly Colonial
forces, call only for brief mention. These are the military forces
of the British Central Africa, British East Africa, Uganda and
Somaliland Protectorates. They number altogether some 4500
regular native soldiers, under Imperial officers lent by the War
Office, and a^e administered by the Eoreign Office. (m. N.)

India

After^ the transfer of the Government of India to the
€!ro'V?n in 185$, the whole military organization was re-

cast. The local European army was abolished. The

artillery became wholly British, with the exception of a

few native mountain batteries. The Company’s European

artillery, engineers, cavalry and infantry were amalgamated

with the royal army. The total strength of the British

troops, all of the royal army, was largely increased, while

that of the native troops was largely diminished. Three

distinct native armies— those of Bengal, Madras, and

Bombay— were still maintained. The reduced Indian

armies consisted of cavalry and infantry only, distributed

as follows, with a few artillery :

—

Bengal
Maifras

Bombay
Punjab force

Battalions, Infantry. Regiments, Cavalry.

. 49 . 19

. 40 . 4

. 30 . 7

. 12 . 6

Total. .. 131 ... 36

There were also three sapper battalions, one to each

army.

The Punjab force, which had 5 batteries of native
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artillery attached to it, continued under the Punjab
Government. In addition, the Hydrabad contingent of

4 cavalry, 6 infantry regiments, and 4 batteries native

artillery, and a local force in Central India of 2
regiments cavalry and 6 infantry, were retained under
the Government of India. After all the arrangements had
been completed the army of India consisted of 62,000
British and 125,000 native troops.

The Company’s military college at Addiscombe was
closed in 1860, and the direct appointment of British

officers to the Indian local forces ceased in 1861. In that

year a staff corps was formed by Eoyal Warrant in each
Presidency “to supply a body of officers for service in

India, by whom various offices and appointments hitherto

held by officers borne on the strength of the several corps

in the Indian forces shall in future be held.” Special

rules of pay, pension, and promotion were laid down
;
the

principle of the last being promotion by length of service

in the various ranks from second lieutenant up to lieut.-

colonel. The corps was at first recruited partly from officers

of the Company’s service and partly from the royal army,

holding staff appointments (the new regimental employ-
ment being considered as staff duty) and all kinds of

political and civil posts
;
afterwards by young officers from

the British service, and recently in addition by second
lieutenants drafted direct from the Eoyal Military CoUege,

Sandhurst. The native artillery and sappers and miners
were to be officered from the Eoyal Artillery and Eoyal
Engineers. The only English warrant and non-com-
missioned officers now to be employed in the native army
were to be those of the Eoyal Engineers with the sappers

and miners. Officers of the old Indian army who did not

accept service in the artillery, engineers, and new line

regiments transferred to the British army on the amalga-
mation, remained in their former cadres for promotion.

Now all have disappeared from the active list except a
few generals,

A radical change in the regimental organization of all

the native armies was effected in 1863. The Punjab
Frontier Force was from the first organized on the irregular

system, which was there seen at its best, as also were the

new regiments raised during the Mutiny, This system
was now applied to the whole army, each 'regiment and
battalion having seven British officers attached to it for

command and administrative duties, the immediate com-
mand of troops and companies being left to the native

officers. Thus was the system reverted to which was
initiated by Clive, in the early days, of a few British

officers only being attached to each corps for the higher

regimental duties of command and control. Time had
shown that this was more effective than the regular

system instituted in 1796 of British officers commanding
troops and companies.

Selection for aU regimental commands was now the

order. A new spirit was breathed into the army. The
supremacy of the commandant was the main principle.

He was less hampered by the unbending regulations en-

joined upon the old regular regiments, had greater powers
of reward and punishment, was in a position to assume
larger responsibility and greater freedom of action, and
was supported in the full exercise of his authority. The
system made the officers.

Up to 1881 the native army underwent little change,
but in th^t year financial considerations prevailed and
18 regiments of infantry and 4 of cavalry were broken
up, while the rank and file of the rest were increased.

Almost the same number of men were maintained as

before, but in fewer and stronger regiments and better

organized for war. The only reduction made in the

British troops was in the Eoyal Artillery, which was
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diminished by 11 batteries. The events of 1885, how-
ever, on the Eusso-Afghan frontier led to an augmenta-
tion of the army. The 11 batteries Eoyal Artillery

were brought back from England, each of the 9 British

cavalry regiments in India received an addition of a fourth

squadron
; each of the British infantry battalions was

increased by 100 men and 3 battalions were added.
The native cavalry had a fourth squadron added to each
regiment

; three of the four regiments broken up in 1881
were re-raised, while the native infantry was increased in

regimental strength, and 9 new battalions raised com-
posed of Gurkhas, Sikhs, and Punjabis. The addition in

all amounted to 10,600 British, and 21,200 native troops.

In 1890 the strength of the army of India was 73,000
British, and, including irregulars, 147,500 native troops.

Many important changes have taken place since

1885, which have vastly improved the efficiency of

the native army. Seven Madras infantry regiments
were converted into regiments for local service in

Burma, composed of Gurkhas and hardy races from
Northern India

;
six Bengal and Bombay regiments were

similarly converted into regiments of Punjabis, Pathans,

and Gurkhas ; the native mountain batteries have been
increased to ten

;
the system of linked battalions has been

introduced with the formation of regimental centres for

mobilization; and reserves for infantry and mountain
artillery have been formed. The number of British

officers present with each regiment has been increased to

nine, and the two wing commands in battalions have been
converted into four double-company commands of 250
men each, under a British commander, who is responsible

to the commandant for their training and efficiency, the

command of the companies being left to the native

officers. This system, which is analogous to the squadron
command in the cavalry, admits of closer individual

attention to training, and distributes among the senior

British regimental officers effective responsibility of a
personal kind.

An addition to the army of five native battalions at the

expense of the imperial Government was made in 1900
as the result of India being called upon to furnish

garrisons for Mauritius and other colonial stations over

sea. These new battalions are raised from such war-

like and hardy races as Sikhs, Punjabi Mahommedans,
Jats, and hillmen in Northern India. Of these three

are included in the Punjab army, and two in that of

Bengal.

The unification of the triplicate army departments in

the different Presidential armies was completed in 1891,
all being brought directly under the supreme Government

;

and the three separate staff corps of Bengal, Madras, and
Bombay were fused into one in 1891 as the Indian Staff

Corps. These measures prepared the way for the new
system of army organization, which, by authority of

Parliament, abolished divided control and placed the

whole army of India under the Governor-General and the

Commander-in-Chief in India.

On the 1st April 1895 the army of Indiawas divided into four great

commands—^Punjab, Bengal, Madras, Bombay. These commands
are under lieutenant-generals, styled as commanding the forces

therein, all under the direct command of the Gommander-in-Chief,
and the control of the Government of India. The Punjab command
includes the whole of the Punjab province. The Bengal command
includes the territories xmder the civil governments of Bengal,

Assam, the North-West Provinces and Oude, and part ofthe Central

Provinces. The Madras command inclndes the Madras Presidency,

Burma, and the Belgaum district. The Bombay command in-

cludes the BombayPresidency, Baluchistan, and parts ofEajputana,

Central India, and the Central Provinces.

The two local cavalry regiments and six battalions in Central

India are now included in the Bengal and Bombay commands.
The Hydrabad contingent remains as a separate force under the
direct orders of the Government of India. It is commanded by a
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general officer and garrisons a district of the Hydrabad state, but

j

is available for general service,
^

The unified army is now organized on the territorial principle.

The old Madras and Bombay armies are included in the Madias

and Bombay commands, and recruit with some exceptions within

the territories of these commands. The Bengal army was divided

into two parts. All that portion of it which recruits in the

Punjab is included in the Punjab command, while that which

recruits in Korth-West India and neighbourhood is included in the

Bengal command. The Gurkha battalions, a foreign element, are

divided between the Punjab and Bengal commands with one

battalion in Burma. All the troops, though they have a home
connexion with their particular commands, are interchangeable

and liable to serve anywhere in and outside India.

The composition of the several commands is as follows ;

—

Indian Army,

Native Troops. Punjab Bengal. Madras.
Bombay.

Hydrabad

Contingent.
TotaL

Cavalry regiments 15 11 3 7 4 40

Artillery batteries 7 2 ... 2 4 15

(10 mountain)
Sappers and miners
Infantry battalions

1 1 1 3
‘44 26 32 31 6 139

Strength, inclnd-\

ing officers j
52,600 32,900 30,300 31,200 7,600 154,600

The Indian Staff Corps, consisting of a corps of British officers for

regimental employment in the native army, for staff, departmental,

and other duties, numbers at present 2600 effectives, with a

tendency to increase. Of these 26 are general officers.

The Indian Medical Service numbers 700 officers of all ranks,

with a subordinate establishment of 500 military assistant

su^eons.
The present establishment of British troops in India numbers

73,500. They are periodically relieved from home, the tour of

service varying from 9 years for cavalry up to 15 years for artillery

and infantry ; and are generally distributed in the several com-
mands as follows :

—

Punjab. Bengal Madras. Bombay. Total.

Cavalry regiments 3 3 2 1 9

ArtiUeiy horse batteries 4 3 2 2 11

,, field batteries 8 14 8 12 42

,, heavy batteries . 2 1 1 4

,, mountain batteries 5 ... 1
"2

8

,,
garrison batteries . 3 8 3 9 23

Infantry battalions , 15 17 8 11 51

Boyal Engineers, Submarine Miners, etc., one company in the
commands.
The regular troops, British and native together, number 228,100,

the strength of the several arms being as follows :

—

Bntish. Native. Total.

Cavalry , , , .

Infantry .

Artillery ,

Guns

5,600

52,600

13,400
390

24,700
122,000

3,200

76

80,300
174,600
16,600

466

The Kative Army Active Keserves, mainly infantry, are growing,
and at present number about 21,000, nearly half of whom belong
to the Punjab command. They consist of men who have served
with the colours from five to twelve years, and are called out
annually for one month's training at regimental centres. There is

also a large garrison reserve of an arms, consisting of old soldiers
who have served twenty-one years, and are on the pension estab-
lishment.

The auxiliary forces consist, in round numbers, of

Volunteers (British) 31,000
Imperial Service Troops (Native) , . . , 18,000
North-VTest Frontier Irregular Corps (Native) . . 5,000
Burma and Assam Military Police Battalions (Native) 15,000

^e volunteers are drawn from the British element of the popula-
tion

; organized in corps in the different commands—rifles, mounted
and foot, l^ht horse, and aTtiHery—under district general officers.

Veil armed and trained, they are of great defensive value*
The Ih^rial Service Troops came into existence in 1888^ when

fihe prindrpal feudatory chiefs spontaneously offeredmen and money

I E S
towards co-operation in imperial defence. Portions of their forces,

under the instruction of a staff of British inspecting officers, have
been raised to such a pitch of general efficiency as to fit them to
take a place in line with the army of India. At present they
consist of 8000 cavalry, 8000 infantry, with pioneers, mountain
artillery, camel and transport corps, and have done good service
in the field at Gilgit, on the Punjab frontier, and in China.
They are under the orders of the Government of India.

The North-West Fmntier Irregular Troops are organized in eight
corps as rifles and militia, under two and three British officers to
each corps, and form an efficient advanced frontier force for service
in the tribal countries beyond the administiative border. They
are under the political authorities of the frontier province, and aie
recruited from the Afridi and other mountain clans along the
border.

The Burma and Assam Military Police are organized in battalions
under British officers, seconded from their regiments for this duty.
They are recruited from the best material in the Punjab and neigh-
bourhood, and form a very efficient irregular force for service on the
eastern frontiers. They are under the provincial civil governments.

The supreme military power in India is vested by law
in the Governor-General in Council, subject to the control

of the Secretary of State for India. The business of the

army is conducted through the military branch of the

Government secretariat, which is immediately under the

military member of Council. The secretary of this branch,

like all the others, holds a position somewhat above that

of an under-secretary of state in England as, apart from
his responsibility to the military member, the duty rests

with him of personally bringing to the knowledge of the

Viceroy every matter of special importance. The executive

head of the army is the Commander-in-Chief in India. He
is responsible for its efficiency, is the adviser of Government
in all military matters, and is an extraordinary member of

Council with a voice in it, and precedence next after the

Viceroy. Besides the great department of command and
discipline of which he is the head, there are various army
departments, for the most part spending—ordnance, works,

accounts, commissariat-transport, Indian medical service,

army remount, clothing. These, together with what comes
up from the Commander-in-Chief, make up the whole

business of the army, and are administered in the military

department of the Government by the military member of

Council. All orders are issued by the secretary of this

department in the name of the Governor-General in Council.

The Commander-in-Chief nominates to all appointments in the

combatant branches subject to regulations, the action of Government
being limited to confirming his nominations, which in all important
cases are the result of communications which obtain the Viceroy’s

approval beforehand. The military member nominates to all

appointments in the departments under him. As a matter of fact,

the disposal of questions of equipment, armament, and defence, is

the result of deliberation between the two authorities previous to

submission to the supreme authority. Communication between
the Commander-in-Ohief and the military department is carried on
through the adjutant -general and quartermaster-general. The
Commander-in-Chief has under him a personal office, of which his

military secretary is head, dealing with appointments and promo-
tion. Also under him is the adjutant-general’s department, which
includes the inspector-generals of royal artillery and cavalry, staff

officers formusketryand royal engineers, &;o., with the quartermaster-

general’s department, including mobilization, intelligence, army
signalling, &c. Other heads at army headquarters are the surgeon-

general, army and Indian medical staff, director military educa-

tion, jndge-advocate-general, principal veterinary officer.

The division of the army into four great commands with complete

army and departmental staff, all under lieutenant-generals, vested

with large responsibilities and powers, has relieved the Commander-
in-Chief of much detail, and left him free to exercise general super-

vision over the army—^to watch it in peace and direct it in war,

and to consider the important military questions of the day. Com-
prised in the commands are thirty military districts. All the

general officers and staff are selected according to a fixed propor-

tion from both services, British and Indian.
The establishment of units of the British army in India is

Cavalry ; 29 officers, 601 other ranks—^total 630, in 4 squadrons.

Artillery, horse and field: 5 officers each, 157 other ranks—^total,

162.

mountain : 5 officers, 106 other ranks—111.

heavy: 5 officers, 95 other ranks—^100.

»
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Artillery, garrison : 5 officers, 140 other ranks—145.

Infantry battalion; 29 officers, 1003 other ranks— 1032, in 8
companies.

The peace establishnaent of the Indian cavalry regiment is 11
British officers, 17 native officers, 608 other ranks—total 636,
organized in 4 squadrons. Their armament is swoid, lance, and
Lee-Enfield carbine. Of the 40 cavalry regiments 25 are lancers.

The British officers in each regiment fill the grades of commandant,
squadron commanders (one of them second in command), adjutant,
and squadron officers. Native officers are in command of half
squadrons, and one of them is native adjutant as assistant to the
British adjutant. That ofthe infantry battalion is 11 British officers,

16 native officers, other ranks 896—^total 923, organized in 8 com-
panies under native officers, and in 4 double companies under British
officers. The British officers fill the grades of commandant, double-
company commanders (one of them second in command), adjutant,
quartermaster, and^ double-company officers. One of the native
officers is native adjutant. The armament is the Lee-Enfield rifle.

There are 9 battalions of pioneers, trained and armed as infantry,
and instructed as pioneers, with a special equipment. The 3 corps
of sappers and miners are organized in companies. They are
armed as infantry and trained and equipped as engineers. They
vary in strength ; that of Bengal being 20 officers Royal Engineers,
with 31 warrant and non-commissioned officers, 23 native officers,

other ranks, 1414—total, 1488 : that of Madras, 22 officers and
34 warrant and non-commissioned officers R.E., 24 native officers,

1490 other ranks—^total, 1570 : that of Bombay, 14 officers and
20 warrant and non-conomissioned officers R.E., 15 native officers,

886 other ranks—^total 935. The R.E. officers fill the grades of
commandant, superintendents, instruction, park and train, adjutant,
company commanders, and company officers. The native mountain
battery consists of 4 officers Royal Artillery, 3 native officers, 253
other ranks—^total, 260. They are armed with 2*5'^ guns. All
army accoutrements are of brown leather manufactured in India,

The grades of the cavalry native officers are risaldar-major (one to

each regiment), risaldars and ressaidars in command of troops, and
under them jemadars ; those in the infantry are subadar-major
(one to each battalion), subadars in command of companies, and
under them jemadars. Promotion is made by selection. Selected
non-commissioned officers are promoted to the commissioned
grades, and direct commissions are also given to native gentlemen
of rank and position, who are required to serve a probationary
period before confirmation. Many members of old military
aristocratic families serve in the ranks in order to win a
commission.
The full dress of the Indian army varies in colour—^red, blue,

dark green, and drab. The fighting and working dress of all is of
“khaki ” colour. Khaki uniform, which has now been adopted in
the imperial army, was used first by the Punjab Frontier Force in
1849. It developed during the campaign in India in 1857, and
became general during the Afghan war. The word is derived from
the Persian “khak,” meaning dust, ashes.

A medical officer of the Indian Medical Service is permanently
attached to each corps. The establishment of British officers

includes absentees on leave. All appointed to the staff or other
duty for a term of years, are seconded in their regiments. Their
army rank is regulated by substantive rank in the staff corps or by
brevet. The temporary rank of lieutenant-colonel is given to a
major selected for the appointment of commandant, and that of
major to a captain for that of second in command. The principle

which it is endeavoured to preserve is that none but approved
British officers should be appointed to native regiments. They are

first trained and tested in British regiments before appointment to

the staff corps.

Annual field-training is carried out first by squadrons and double
companies under their own commanders, followed by that of the
regiment, and of larger bodies of the combined arms at eve^
station where available. Camps of exercise are a great feature in

India, where unrivalled facilities exist close at hand for training the
troops in every kind of country, which are taken full advantage
of. Musketry is a strong point in the training. The course is a
very practical one, and the result is that the Indian soldier soon
develops into a first-class shot.

Recruiting is conducted by British recruiting staff officers at

various centres throughout the commands, and also at regimental
headquarters where men offer themselves, particularly cavalry.

Subject to certain restrictions as to active service, a man may claim
his discharge after three years* service, but it is optional with him
to serve on for pension, or to pass to the reserve after five years’

service. The army draws its recruits as a rule from the peasant
or yeoman class, men of good physique, hardy, enduring, and
courageous. There is no lack of them. The service is very
popular and well paid, and has a liberal system of pensions for

long service and wounds, and also family pensions for widows or

orphans in case of death on active or foreign service, an attractive

feature which appeals to the homes. It would be difficult in any

country to find finer fighting material than that furnished by
Gurklias, Sikhs, Pathans, Rajputs, and Jats, men who have on
many a field stood shoulder to shoulder with the best and bravest
of the Biitish force. There is hardly any practical limit to the
number of excellent soldiers that in case of necessity can be
raised at short notice from the martial races of India, who possess

great aptitude for military training.

The Indian army is heterogeneous as a whole but homogeneous
in its units. The variation in race of these units is great. About
one-thud of the regiments are composed of one class—^tribe, caste,

or religion—such as Gurkhas, Sikhs, Rajputs, Jats, Mahommedans,
hiUmen, &c., while the rest are composed of class squadrons and
companies of the above and other races. Their languages differ,

but there is one common to all which they soon acquire—^the

Oordoo or Hindustani—^the language of the camp or lingua franca
of India, which originated with the old-time Mahommedan invasions
of India, and is a mixture of Persian, Arabic, and Hindi. It is

obligatoiy upon all staff corps officers to pass in Hindustani, and
upon the regimental officer to pass in the language peculiar to the
men in his regiment.

In India the transport and supply sernces are termed the com-
missariat-transport department. It is under the control of a com-
missary general-in-chief (a major-general) who has diiectly under
him a commissary-general for transport only. Each command has
a commissary-general. Under them are assistant and deputy
assistant commissary-generals. All these appointments are held
by Indian staff corps officers. This department feeds and clothes

the army in the field, and the British troops in quarters. All
native troops in India during peace are independent of the com-
missariat for food and forage, making their own arrangements
regimentally, as their pay includes the provision of these items.
The transport consists of corps of mules and camels, trains of pony
and bullock carts, with elephants for special work. Regiments
and corps on the mobilization roster keep in charge a proportion
of mule transport.

The ordnance department, under a director-general of ordnance
(a major-general), is officered from the Royal Artillery. There is

an inspector-general to each command. The military works services,

under a director-general (a major-general), is officered from the
Royal Engineers. There is a chief engineer in each command.
The organization for war is by brigades and divisions. Regiments

and batteries on the mobilization roster are required to keep up a
special equipment for field service, and on receipt of orders to
mobilize know precisely what to do. Besides the divisions (four)

which are always maintained in a state of readiness, there are
other troops specially detailed for the lines of communication.
When regiments move in course of relief to stations outside the
mobilization area, their place in the list is taken by the relieving

coTOs to which they make over their special equipment.
The number of the military forces of the many native states of

India, great and small, is now returned at 90,000, mostly ill-armed

and ill-trained, one-third of which are cavalry. This total does
not inolude the 18,000 well armed and organized imperial service

troops famished by twenty-three of these states. Kashmir has a
force of Dogra Rajput infantry, hardy, inured to hill marching,
and valuable in protecting the far north corner of that state about
Gilgit and Chitral. A considerable part of the Gwalior and Hydra-
bad forces is fairlywell drilled, and possesses some equipped batteries

of artillery. The Sikh states have good Sikh troops, well drilled

and fairly officered. They are very loyal to their chiefs. Raj-
putana could supply a large force of cavalry, all members of a
noilitary class. There is much excellent material among these

troops which, under the hands of British officers, could be made
useful in escort duty and keeping open lines of communication.
Among the states guns abound of all sorts, sizes, and conditions.

They may be put down at 500, all smooth-bores of old pattern,

half of them movable. Yery little of their artillery is organized,

Nepal is not included in the native states of India. It pays no
tribute. This mountainous state, the homeland of the Gurkhas,
has maintained close and friendly relations with the Indian
Government since the accession to power of the Jung Bahadur
in 1846, especially after he had, to use his own expression, “ stood

on London Bridge.” In 1857 he personally led a strong Gurkha
force of infantiw and artillery to co-operate with the British army
at Lucknow. Nepal has an army of 48,000 infantry, capable of

expansion, and about 600 guns of various kinds.

The maintenance of the 18,000 imperial service troops costs the

states concerned about £420,000, the outlay of the Indian Govern-
ment on them for inspection being £14,000.
The personal cost of the British garrison of India to Indian

revenues is about £4,400, 000 a year, while the net expenditure of

the whole army of India is about 154 millions. (j. j. h. G.)

The United States.

The regular army of the United States has always been
small. During the Civil War the several States furnished



over 2,800,000 men, organized into volunteer regiments

bearing State designations. The officers, except general

and staff officers, were appointed by the Governors of the

respective States. The maximum authorized strength of

the regular army never, during the war, exceeded 40,000

men
;
and the number in the field, especially towards the

close of the war, was very much less. The States, in

order to obtain men to fill their quotas, offered liberal

bounties to induce men to enlist, and it therefore became
very difficult to obtain recruits for the regular army, for

which no bounties were given. The regular regiments

accordingly dwindled away to skeletons. The number of

officers present was also much reduced, since many of

them, while retaining their regular commissions, held

higher rank in the volunteer army. After the close of

the Civil War the volunteers were mustered out
;
and by

the Act of Congress of 28th July 1866 the line of the

army was made to consist of 10 regiments of cavalry of

12 troops each, 5 regiments of artillery of 12 batteries

each, and 45 regiments of infantry of 10 companies each.

The maximum enlisted strength was 51,605. The Act of

3rd March 1869 reduced the number of infantry regiments

to 25 and the enlisted strength of the army to 35,036.

This was stUl further reduced, without change in organiza-

tion, to 32,788 in 1870 and to 25,000 in 187^4. The latter

number remained the maximum for twenty-four years.

The number allotted to a regiment of cavalry, artillery,

or infantry was published in orders, and was changed
from time to time to meet the needs of the service.

In March 1898 the artillery was increased by 2
regiments, and in April 2 companies were added to

each infantry regiment, giving it 3 battalions of 4
companies each. The strength of batteries, troops, and
companies was increased, the maximum enlisted strength

reached during 1898 being over 63,000. A volunteer

army was also organized. Of this army, 3 regiments of

engineer troops, 3 of cavalry, and 10 of infantry were
United States volunteers, all the officers being commissioned
by the President. The other organizations came from the

States, the officers being appointed by the respective

Governors. As fast as they were organized and filled up,

they were mustered into the service of the United States.

The total number furnished for the war with Spain was
10,017 officers and 213,218 enlisted men. All general

and staff officers were appointed by the President. Three
hundred and eighty-seven officers of the regular army
received volunteer commissions. After the conclusion of

hostilities with Spain, the mustering out of the volunteers

was begun, and by June 1899 aU the volunteers, except

those in the Philippines, were out of the service. The
latter, as well as those serving elsewhere, having enlisted

only for the war, were brought home and mustered out
as soon as practicable.

The Act of 2nd March 1899 added 2 batteries to each
regiment of artillery. On 2nd February 1901 Congress
passed a Bill providing that the regular army, including
existing organizations, should consist of 15 regiments of

cavalry, a corps of artillery, 30 regiments of infantry, 1

lieutenant-general, 6 major-generals, 15 brigadier-generals,

an adjutant-generals department, an inspector-generals

department, a judge -advocate -generals department, a
quartermaster's department, a subsistence department, a
medical department, a pay department, a corps of engineers,

an ordnance department, a signal corps, the officers of the
record and pension office, the chaplains, the officers and
enlisted men of the army on the retired list, the professors,

corps of cadets the army detachments and band at the
Urdbed States Military Academy, Indian scouts as now
authorized by law, and such other officers and enlisted

as might be thereinafter provided for.

The head of the military establishment is the Secretary

of War, a member of the Cabinet. The supply, payment,
and recruitment of the army, and the direction of the

expenditure of the appropriations for its support, are by
law entrusted to him. He exercises control through the

bureaus of the War Department. The lieutenant-general

commands the army, but all the supply departments are

independent of him, and are directly under the Secretary.

Promotion to the grade of brigadier-general is by selection,

generally, but not necessarily, from the list of colonels.

Promotion from brigadier- to major-general, and from
major-general to lieutenant-general, is also by .selection,

though the senior is usually selected. The officers of the

various staff departments had previously been permanent.

Each had as its head a brigadier-general, selected from the

officers of the particular department or corps. Promotion

to colonel was by seniority in the department or corps.

The Act of 2nd February 1901 provided that, so long

as there should remain any officers holding permanent
appointments in the adjutant - general's department, the

inspector-general’s department, the quartermaster’s depart-

ment, the subsistence department, the pay department,

the ordnance department, and the signal corps, they should

be promoted, according to seniority, in the several grades,

and whenever a vacancy should thereafter occur, it should

be filled by detail from the same grade in the line of the

army, the length of the detail being four years. Any such

officer, below the rank of lieutenant-colonel, who shall have

served four years in the staff, is not again eligible for detail

until he shall have served two years in the line. When a

vacancy occurs in the position of chief of any staff corps

or department, the President may appoint to such vacancy

an officer of the army at large, not below the rank of

lieutenant - colonel, and such officer, while holding said

position, shall have the rank, pay, and allowances formerly

provided for the chief of the corps or department. Appoint-

ments to the lowest grade in the judge-advocate’s depart-

ment are made from the army or from civil life
;
in the

engineer corps, from the Military Academy at West Point,

or by transfer of lieutenants of the line after examination

;

in the medical department, from civil life.

The (xd;)utant-g67iemVs department is the bureau of orders and
records ot the army. Orders and instructions emanating from the

War Department or army headquarters, and all general regulations,

are communicated to troops and individuals in the military service

through the adjutant-general. His office is the repository for the

records of the War Department which relate to the personnel of the

permanent military establishment and the militia in the service of

the United States, to the military history of every commissioned

officer and soldier thereof, and to the movements and operation of

troops. The adjutant-general is charged, under the direction of

the Secretary of War, with the management of the recruiting

service, the collection and classification of military information in

regard to the United States and foreign countries, the preparation

of instructions to officers detailed to visit encampraents of militia,

and the digesting, arranging, and preserving of their reports. The
sphere of inquiry of the mspector-genfiercU'$ deparime'ni^ includes

every branch of military affairs except when specially limited in

regulations or orders, Inspectors-general and acting inspectors-

general exercise a comprehensive and general observation within

their respective districts over all that pertains to the efficiency of

the army, the condition and state of supplies of all kinds of arms

and equipments, the expenditure of public property and monies,

the condition of accounts of all disbursing officers of every

branch of the service, and the conduct, discipline, a,nd efficiency of

officers and troops ; and they report with strict impartiality in

regard to all irregularities that may be discovered. They make

such suggestions as may appear to them practicable for the cure of

any defect that may come under their observation. The
a^occUe-gemraVs department is the bureau of military justice.

The judge-advoeate-general is the custodian of the records of all

general courts-martial, courts of inquiry, and military commissions^

and of all papers relating to the title of lands under the control of

the War Department. The officers of this department render

opinions upon legal questions when called upon
^

by proper

authority. They act as prosecutors in important military trials^
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and sometimes represent the Government when cases affecting the
army come up in civil courts. The pay d&partm&ni has charge of
the supply and distribution of and accounting for funds for the
payment of the army, and such other financial duties as may be
specially assigned to it. The staff departments above enumerated
have no enlisted personnel. The quartermaster's department is

charged with the duty of providing means of transportation of
every character, either under contract or in kind, which may be
needed in the movement of troops and material of war. It
furnishes all public animals employed in the service of the army,
the forage consumed by them, waggons and all articles necessaiy
for their use, except the equipment of cavalry and artillery. It
furnishes clothing, camp and garrison equipage, fuel, barracks,
storehouses, and other buildings

; constructs and repairs roads,
railways, bridges

;
builds and charters ships, boats, docks, and

wharves needed for military purposes
;
and attends to all matters

connected with military operations which are not expressly
assigned to some other bureau of the War Department. Subsist-

ence, ordnance, signal, medical, and hospital stores are procured
and issued by other bureaus of the War Department, but the
quartermaster’s department transports them to the place of issue

and provides storehouses for their preservation until consumed.
The subsistence department has charge of the purchase, inspection,

storage, and issue of food supplies for troops. It has one iunction
which, especially at isolated posts, has been found very beneficial,

and which is not common to other armies. It keeps for sale at
cost to officers and men, in addition to the ration, a large list of
other stores. The ration is abundant. Its composition is fixed by the
President. In order to obtain variety and meet the necessities of
varying climates, such parts of the ration as are not desired are, under
direction of company gommandeis, sold back to the subsistence
department at cost, and funds are thus provided for the purchase
of articles of diet not included in the ration. The men’s messes
are improved through another agency, the post exchange. This
has been in existence but a few years. It is practically a
soldiers’ club, under the supervision of officers, in which
many articles desired by the men are sold. The profits are

periodically distributed among the organizations serving at the
post for the improvement of the messes. The enlisted personnel
of the subsistence and quartermaster’s departments consists of a
number of sergeants appointed, after examination, from the line.

Clerks, teamsters, labourers, &c., are furnished by temporaiy
detail from the troops or by hire of civilians. The medical
department is charged with the duties performed by the medical
staff in all armies. It has chaige of hospitals both at stations and
in the field, of ambulances, and of hygiene. It has an enlisted

personnel, as large as may be deemed necessary, in addition to the
authorized strength of the army. This force is called the hospital

corps, and performs all hospital service in gairison and in the
field. Its non-commissioned officers, termed hospital stewards and
acting hospital stewards, are appointed after examination. A
knowledge of pharmacy is required. There is also a nurse corps

(female) consisting of one superintendent and such number of
nurses as may be needed. The surgeon-general is authorized to

employ, under contract, dental surgeons, not to exceed thirty

in number. The officers, in addition to their other duties,

give instruction by lectures and practical demonstration on
“First Aid to the Injured” to all lieutenants of the line

and to such captains as may volunteer. Company officers

in turn are required to give this instruction to their men
four hours a month. There is thus always in every company a
number of men able to supplement the work of the hospital corps

in the field, or to give the first cares to the wounded in the
absence of medical attendance. The signal corps is charged with
the construction, repair, and operation of military telegraj)h lines,

with the supervision of such instruction in military signalling and
telegraphy as maybe prescribed by the War Department, and with
the procurement, preservation, and distribution of the necessaiy

supplies. A line officer is appointed signal officer at each mili-

tarjr post, and supervises instruction, which must be continued
until there are in each company at least 1 officer and 4 en-

listed men proficient in signalling by flag, torch, and heliograph.

The signal corps has an enlisted personnel of 760, of which number
350 are non-commissioned officers. The duties of the corps of
engineers comprise reconnoitring and surveying for military

purposes, selection of sites and formation of plans and estimates
for military defences, construction and repair of fortifications and
their accessories, planning and superintending of defemsive or
offensive works of troops in the fidd, examination of routes of
communications for supplies and for military movements, and
construction of military roads and bridges, execution of river and
harbour improvements assigned to it, and such other duties as the
President may order. There are three battalions of eijgineer

troops. They form a part of the line of the army, and are officered

by officers of the engineer corps assigned temporarily. The prin-

cipal engineer station is Willets Point, Kew York Harbour, where
there is an engineer school of instruction. A field officer ofengineers
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commands the station and school. The captains, in addition to
performing the routine duties of a military post, act as instructors.

Lieutenants of engineers, after serving for about a year after

graduating at West Point, aie assigned to companies, and con-
stitute the class. The course lasts two years, and comprises
instruction supplementary to that given at West Point, where
the same subjects are studied, in military and civil (including
electrical) engineering, and in astronomical work. The ordnance
department is charged with the duty of procuring, by purchase
or manufacture, and distributing the necessary ordnance and
ordnance supplies for the Government, and establishes and
maintains arsenals and depots for their manufacture and safe-

keeping. Infantry small -arms, carbines, swords, sabres, horse
equipments, field-gun carriages, and most of the accoutrements,
such as haversacks, knapsacks, canteens, &c., are manutactured at
the various arsenals. Cannon of all calibres are constructed by the
ordnance department, the rough forgings being furnished by
private firms. Powder is purchased, hut the cartridges are made
at an arsenal. Eevolvers are purchased. Most ot the sea-coast
gun-carriages and sea-coast mortars are made by private firms.

The ordnance department has a proving ground at Sandy Hook,
New York Harbour, where experiments are made and guns are
tested. The record andpermon office has hut two officers. It has
in charge thekrecords of all volunteers, not only of those who served
m the war with Spain, but in former wars. The chaplains are of
various religious denominations. One is allowed to each regiment
of infantry and cavalry, and twelve to the artillery corps.

An officer of engineers or ordnance, or of the adjutant-general’s,

inspector -general’s, judge- advocate-general’s, quartermaster’s, or
subsistence department, or of the signal corps, though eligible to
command according to his rank, shall not assume command of
troops unless put on duty under orders which specially so direct
by authority of the President. An officer of the pay or medical
department cannot exercise command except in his own depart-
ment, hut by virtue of his commission he may command all

enlisted men like other commissioned officers.

When the United States adopted a policy of liberal appropria-
tions for sea-coast defence, the need was felt of a single body of
experts to decide upon what was needed and how the money
should be spent. Congress accordingly passed a law creating a
board of ordnance and fortification whose duty it was “ to make
all needful and proper purchases, experiments, and tests to

ascertain, with a view to their utilization by the Government, the
most effective guns, small -arms, cartridges, projectiles, fuses,

explosives, torpedoes, armour-plates, and other implements and
engines of war.” The membership of this board comprises the
lieutenant-general commanding the army (who is its president), one
officer each from the corps of engineers* and the ordnance depart-
ment, two from the artillery, and one civilian. An officer ofthe army
is detailed as recorder of the board.
By the Act of 2nd February 1901 each regiment of cavalry con-

sists of 1 colonel, 1 lieutenant-colonel, 3 majors, 15 captains, 15
first lieutenants, and 15 second lieutenants ; 2 veterinarians, 1
sergeant-major, 1 quartermaster-sergeant, 1 commissary-sergeant,
3 squadron sergeants-major, 2 colour-sergeants, 1 hand, and 12
troops organized into 3 squadrons of 4 troops each. Each troop
of cavalry consists of 1 captain, 1 first lieutenant, 1 second lieu-

tenant, 1 first sergeant, 1 quartermaster - sergeant, 6 sergeants,

6 corporals, 2 cooks, 2 farriers and blacksmiths, 1 saddler, 1

wagoner, 2 trumpeters, and 43 privates. Each regiment of in-

fantry consists qf 1 colonel, 1 lieutenant - colonel, 3 majors, 15
captains, 15 first lieutenants, and 15 second lieutenants ; 1 sergeant-

major, 1 quartermaster-sergeant, 1 commissary-sergeant, 3 battalion

sergeants-major, 2 colour -sergeants, 1 band, and 12 companies,
organized into 3 battalions of 4 companies each. Each infantry

company consists of 1 captain, 1 first lieutenant, 1 second lieu-

tenant, 1 first sergeant, 1 quartermaster-sergeant, 4 sergeants, six

corporals, 2 cooks, 2 musicians, 1 aitificer, and 48 privates. The
regimental organization of the artillery arm of the United States

army is discontinued, and that am is constituted and designated

as the artillery corps. It comprises 2 branches, the coast artillery

and the field artillery. The coast artillery is defined as that

portion charged with the care and use of the fixed and movable
elements of land and coast fortifications, including the submarine
mine and torpedo defences ; and the field artillery as that portion

accompanying an army in the field, and including field and light

artillery proper, horse artillery, siege artillery, mountain artillery,

and also machine-gun batteries. All officers of aitillery are ©n
one list, in respect to promotion, according^ to seniority in their

several grades, and are assigned to coast of to field artillery ac-

cording to their special aptitude for the respective services. The
artilleiy corps consists of a chief of artillery, selected and detailed

by the President from the colonels of artillery, to serve on the

staff of the general officer commanding the army, and his duties

are prescribed by the Secretary of War ; 14 colonels, 1 of whom
shall be the chief of artillery

; 13 lieutenant-colonels, 39 majors,

195 captains, 195 first lieutenants, 195 second lieutenants, 21

S. I. — 83
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sergeants-major (senior grade), 27 sergeants-major (junior grade),

1 electrician sergeant to each, coast artillery post haring electrical

appliances, 30 batteries of field artillery, 126 batteries of coast

artillery, and 10 bands. The strength ot batteries and companies

is fixed by the secretary of war, but the aggregate number of enlisted

men for the artillery shall not exceed 18,920. Captains and
lieutenants of cavalry, artillery, and infantry, not required for duty

with troops, batteries, or companies, are available for regimental

staff or other details.

The above organization provides for an enlisted strength of about

58,000 men. In case of emergency the President is authorized to

enlarge it, so that the maximum shall not exceed 100,000 men.
This increase is to be effected by augmenting the number of men
in a company, troop, or battery, without adding to the number of

organizations or of officers.

The cavalry is armed with the Krag-Jorgensen carbine, cal. 30,

the revolver, cal. 38, and the sabre. The thimble waist-belt of

woven web canies 100 carbine and 12 revolver cartridges. The
infantry and coast artillery have the Krag-Jorgensen rifle, cal. 30.

The woven waist-belt carries 100 cartridges. Horse and mountain
batteries may be organized, but there are none at present in

service. With the exception of one siege battery of 5-inch guns
and one of 7-inch howitzers, all the field batteries have the 3*2

B.L. rifle. When mountain guns are needed, they are issued to

regular field batteries, or batteries are temporarily formed by details

from other organizations. Each man has a revolver, non-com-
missioned officers and trumpeters having also a sabre.

Promotion in the line of the army is exclusively by seniority in

the arm, a vacancy among the majors of cavalry, for instance,

being filled by the senior captain of cavalry. Examination for

promotion obtains up to the grade of major. An officer found
physically disqualified from causes incidental to the service is

retired with the grade to which his promotion would have entitled

him. Should he fail in the educational examination, ^ he is suspended
from promotion for a year, when he is again examined. Should he
again fail, he is dropped from the rolls of the army. Retirement
of all officers is compulsory at the age of 64 years. Officers

have the right to retire on their own application after forty years’

service, and may do so, on their own application, in the discretion

of the President, after thirty years’. An officer may be retired at

any period of his service for physical disability should a board of

officers so recommend. Officers going on the retired list in any of

the ways mentioned receive three-fourths of the full pay of their

CTade. In time of war retired officers may be employed on active

duty, other than in command of troops, and they then receive full

pay and alloivances.

The army is recruited entirely by voluntary enlistment.

Recruitiug officers are maintained in the principal cities and
towns. In ordinary circumstances each regiment furnishes one
officer for a two years’ tour of recruiting duty, but during
active service in the field this duty is largely performed
by convalescent officers. These officers report direct to the ad-

jutant-general. The principal requirements for enlistment are

that the applicant for first enlistment must be between the ages
of 18 and 35 ;

must be of good character
;
must be able to read

and write the English language
;
must be a citizen of the United

States or have legally declared his intention to become such
;
and

must pass a rigid physical examination. The records for a number
of years show that over 80 per cent, of applicants for enlistment
are rejected. The term of enlistment is three years. The pay of
a soldier ranges from that of a private (13 dollars a month) up
through the various grades to that of a chief musician (60 dollars
a month). The third year a dollar a month is added, the fourth
year (should the soldier re-enlist) two dollars a month, the fifth

year three dollars a month, and the sixth year five dollars a month.
Thereafter a dollar a month is added for each five years’ service.

After thirty years’ service the soldier is entitled to go on the
retired list with three-fourths of pay and allowances. The soldier
has a liberal allowance of clothing, and his food is furnished, so
that his pay is almost all spending money. Retired officers and
men form a part of the army and are paid by army paymasters.
Pensions, in regard to which the country is very liberal (they call
for about 140,000,000 dollars annually) are paid to persons no
longer in the service, and the money is not disbursed by the War
Department.
The principal source from which officers are supplied to the

army is the Military Academy at West Point. The President has

Officers.
*^irty appointments of cadets at his disposal, which
are generally given to sons of army and navy officers.

Each senator and each representative and delegate in Congress has
one. These appointments are not made annually, but as vacancies
occur through graduation of cadets, or their discharge before
graduation. The maximum number of cadets is 481. The com-
manding officer of the academy has the title of superintendent.

^ !Ihat is, an examination in English grammar, mathematics
geography, bdstory, constitutional and intematipnal law.

He is detailed from the army, and has the temporary rank of

colonel. The corps of cadets is organized as a battalion, and is

commanded by an officer detailed from the army, having the title

of commandant of cadets. He has the temporary rank of Heu-
tenant-colonel. An officer of engineers and of ordnance are de-
tailed as instructors of practical military engineering and of
ordnance and gunnery respectively. The heads of the other
departments of instruction have the title of professors. They are
selected generally from officers of the army, and their positions are
permanent. The officers above mentioned, and the professors,

constitute the academic board. The military staff and assistant
instructors are officers of the army. The course of instruction
covers four years, and is very thorough. Theoretical instruction
comprises mathematics, French, Spanish, English, drawing,
physics, astronomy, chemistry, ordnance and gunnery, art of war,
civil and military engineering, law (international, constitutional,

and military), history, and drill regulations of all arms. Practical
instruction comprises the service drills in infantry, cavalry, and
artillery, surveying, reconnaissances, field engineering, construction
of temporary bridges, simple astronomical observations, fencing,
gymnastics, and swimming. Cadets are a part of the army, and
rank between second lieutenants and the highest grade of non-
commissioned officers. They receive from the Government a rate
of pay sufficient to cover all necessary expenses at the academ}^
About 50 per cent, of those entering are able to complete the
course. The graduating class each year numbers, on an average,

about 60. A class, on graduating, is arranged in order according to

merit, and its members are assigned as second lieutenants to corps
and' arm, according to the recommendation of the academic
board. A few at the head of the class go into the corps of

engineers
;
the next in order generally go into the artillery, and

the rest of the class into the cavalry and infantry. The choice of
graduates as to aim of service and regiments is consulted as far as

practicable. Any enlisted man who has served honestly and
faithfully not less than two years, who is between 21 and 30
years of age, unmarried, a citizen of the United States and of good
moral character, may aspire to a commission. To obtain it he
must pass an educational and physical examination before a board
of five officers. This board must also inquire as to the character,

capacity, and record of the candidate. Many well-educated young
men, unable to obtain appointments to West Point, enlist in the

army for the express purpose of obtaining a commission. Vacancies
in the grade of second lieutenant remaining, after the graduates of

the Military Academy and qualified enlisted men have been ap-

pointed, are filled from civil life. To be eligible for appointment a

candidate must be a citizen of the United States, unmarried, be-

tween the ages of 21 and 27 years, and must be approved by
an examining board of five officers as to habits, moral character,

physical ability, education and general fitness for the service. In
time of peace very few appointments from civil life are made, but
in time of war there is a large number.

Theie are, in addition to the Engineer School already mentioned,
four service schools for officers. These are : the Artillery School

at Fort Monroe, Virginia
;
the Infantry and Cavalry School at

Fort Leavenworth, Kansas ; the Cavalry and Light Artillery

School at Fort Riley, Kansas
;
the Army Medical School at Wash-

ington. The commandants, staffs, and instmctors at these schools

are officers specially selected. The garrison at Fort Monroe is

composed of several companies of coast artillery. The lieu-

tenants constitute the class. They are relieved and replaced

by others on 1st September of each year. The course

of instruction comprises the following subjects : artillery,

ballistics, engineering, steam and mechanics, electricity and mines,

chemistry and explosives, military science, practical military

exercises, photography, telegraphy, and cordage (the use of ropes,

the making of various kinds of knots and lashings, rig^ng

shears, &c., for the handling of heavy guns). July and Augjust

of each year are ordinarily devoted to artillery target practice.

The course at the Infantry and Cavalry School is for two

years. The class of student officers is made up of one lieutenant

from each regiment of infantry and cavalry, and such others as

may be detailed. They are assigned to the organizations compris-

ing the garrison, normally a regiment of infantry, a squadron (four

troops) of cavalry, and a battery of field artillery. The depart-

ments of instruction are : military art, engineering, law, infantry,

cavalry, military hygiene. Much attention is paid to practical

Mork in the minor operations of war, the troops of the garrison

being utilized in connecition therewith. At the close of the final

examinations of each class at Fort Monroe and Fort Leavenworth,

those officers most distinguished for proficiency are reported to the

adjutant-general of the army. Two from each class of the Artillery

School, and not more than five (the number to be determined by the

lieutenant-general commanding the army) from each class at the

Infantry and Cavalry School, are thereafter, so long as they re-

main in the service, noted in the annual army register as “honour

graduates.” The work of the Cavalry and Light Artillery School

at Fort Riley is mainly practical, and is carried on hy the regular
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garrison, which usually, in time of peace, consists of two squad-

rons of cavalry and three field batteries. The Government reserva-

tion at Fort Riley comprises about forty square miles of varied

terrain, so that opportunities are afforded, and taken advantage of,

for all kinds of field operations. The Army Medical School is

established at Washington. The faculty consists of four or more
professors selected from the senior officers of the medical depart-

ment. The course of instruction covers a period of five months,
beginning annnally in November. The student officers are re-

cently-appointed medical officers, and such other medical officers,

available for detail, as may desire to take the course. Instruction

is by lecture and practical work, special attention being given to the

following subjects : duties of medical officers in peace and war

;

hospital administration
;
military medicine, surgery and hygiene

;

microscopy and bacteriology
;
hospital corps drUl and first aid to

the wounded.

The territory controlled by the United States, at home
and abroad, is divided into territorial departments. These

are established and their commanders assigned by direction

of the President. In time of peace, army corps, divisions,

or brigades are not formed except for purposes of instruc-

tion. The commander of a military department controls

all the military forces of the Government within its limits,

whether of the line or staff, which are not specially ex-

cepted. The exceptions include the Military Academy,
the Artillery School, the schools at Forts Leavenworth

and Riley in matters pertaining to the courses of instruc-

tion, the engineer establishment at Willets Point, arsenals,

general depots of supply, general service recruiting stations,

permanent fortifications in process of construction, and
officers employed on special duty under the Secretary of

War. But when an emergency demands it, all military

men and material within the limits of their jurisdiction

come under their control. A department commander is

charged vdth the administration of all the military affairs

of his department, and the execution of aU orders from
higher authority. He reports to the Commanding
General of the Army all matters relating to the general

|

welfare of his command, including such change of station

of troops as he may deem desirable, but must obtain

approval of the Commanding General of the Army before

ordering the movement. If it be necessary to move
troops to meet emergencies, such movements, and all the

circumstances connected with them, must be reported at

the earliest possible moment. The personal staff of a
department commander consists of the authorized aids.

The department staff is limited to the officers detailed

by the Secretary of War from appropriate staff depart-

ments or corps, or of officers of the line detailed by the

same authority to act in their stead, and their official

designations are as follows : adjutant-general, chief

quartermaster, chief commissary, chief surgeon, chief pay-

master, judge advocate, and artillery inspector; also,

when necessary, an engineer officer, an ordnance officer,

and a signal officer, each detailed from his corps.

There are in the United States proper, including Alaska,

about one hundred military posts, TTie garrisons of a

majority of them, even when large forces are not needed

out of the country, are necessarily small. The various

staff positions at a post, such as adjutant, quartermaster,

commissary, signal officer, and ordnance ofl^cer, are usually

filled by lieutenants of the garrison temporarily detailed.

At a post having the headquarters of a regiment, the first

three positions above mentioned are filled by the regimental

adjutant, quartermaster, and commissary respectively.

The regimental adjutant, quartermaster, and commissary
are selected from the captains, and the tour is limited

to four years. As the great majority of officers of

the line have, before obtaining their captaincies, filled

one or more of the various staff positions, in addition

to having taken the course at a service school, there is

always available a large number of officers thoroughly

qualified to fill any stafif position.

I E S 659

The Act of 2nd March 1899 authorized the President

to raise a volunteer force of 35,000 men for service in the
Philippines, to continue in service not later than 30th June
1901, on which date the strength of the regular army,
vrith the exception of the artillery, was to be reduced
to the numbers in service prior to the outbreak of the war
with Spain, On 5th July 1899 the President ordered the

organization of ten regiments of volunteer infantry; on
18th July 1899, of two regiments of volunteer infantry and
a regiment of volunteer cavaby (the three last-named

regiments to be organized and recruited in the Philippine

Islands)
;
on 17th August 1899, of ten additional regiments

of volunteer infantry
;
and on 9th September 1899, of two

additional regiments of volunteer infantry (the enlisted

men and company officers of the two last regiments to be

colom'ed). Each regiment was organized at an army post.

The men were recruited by regular army recruiting officers

throughout the country, and were sent at once to the

nearest regimental rendezvous. The time requbed, under

each order, was about six weeks. All the colonels, nearly

all the lieutenant-colonels and majors, and a few of the

captains, were selected officers of the regular army. Most
of the other officers and a large percentage of the men,
had served, in the regulars or volunteers, in the war with

Spain. The training of the men began at once on arrival

at rendezvous, special attention being given to instruction

in duties of guards and outposts, to fighting in extended

order, and to target practice. The physical examinations

were rigid, and the character of the accepted personnel

was excellent. The result was the best volunteer force

ever raised in the United States. The first regiment

sailed for Manila, 8th September 1899, and the last, 21st

December. They were at once ready to take the field on
arrival, and did most excellent service. One instance is the

remarkable and energetic pursuit of the insurgents by
volunteer troops, through the mountainous, heavily-wooded,

entirely unknown country of northern Luzon, where trans-

portation of supplies was at all times difficult and in many
cases impracticable.

The Act of 2nd February 1901 repealed so much of the

Act of 2nd March 1899 as provided for a reduction of

force, 30th June 1901, and put the regular army on a
permanent basis. It authorized the raising of 12,000

(provided the maximum of 100,000 for the entire army
was not exceeded) Philippine native troops, organized into

companies and battalions
;
the majors and captains being

selected from the next lower grades in the line of the

army. It also provided for a three-battalion native Porto

Rican regiment, the field officers and captains to be selected

as for the Philippine native troops.

The United States has never had a satisfactory system

of increasing its armed strength for war. The subject has

received a great deal of attention, and much legislation

has been proposed, but the form of government makes the

question very difficult of solution. The militia, number-

ing about 115,000 officers and men, is distributed through

the various States, constitutes State troops, and is inde-

pendent of the general government. Disorders within the

limits of a State are to be dealt with by the State authorities,

and the Constitution expressly prohibits the use of United

States troops in such cases, except upon the formal appli-

cation of the State authorities. The several States are

very jealous of their prerogatives and never call for federal

troops except as a last resort. The method adopted for

raising the twenty-five regiments of volunteers for Philip-

pine service proved very satisfactory, but might not be

feasible for the sudden creation of a large army. It would

require much time, and there would not be a large

enough number of regular officers available. The practice

both in the Civil War and in the war with Spam was for
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the President to decide upon the number of men required,

and then call upon Governors of States to furnish each

their quota, according to population. E;egiments were

then organized in the several States, either by filling up

organizations of the militia already existing, or by creating

entirely new ones. The ofiicers were appointed by the

respective Governors. The troops thus organized did not

come under federal control until formally mustered into

the service of the United States ;
and this means of rapidly

raising a large army has been found by experience to be

inefiicient and expensive. (w. a. s.)

Germany.

The liability to service in the German army is universal,

and lasts from the 17th to the 45th year. Liability to

active service begins on the 1st January of the year in

which the man completes his 20th year, and is divided

into service in the standing army, its reserve, and the

landwehr of the 1st and 2nd bans. Liability to serve in

the standing army lasts for three years from the date of

joining (usually in October), for men posted to the cavalry

and horse artillery, and for two years for the other arms

;

but these latter may also be held to serve three years.

Thereafter, men belong to the reserve for four years, and
are passed to the 1st ban of the landwehr in the spring

following the date on which they complete seven years’

service. Service in the 1st ban lasts five years, and in the

2nd is prolonged to the^Slst March of the year in which the

man completes his 39th year, t.e., for the most part, six

years. Men who serve three years with the colours only

pass three years in the 1st ban of the landwehr. Lur-

ing their period of reserve service, men are liable to two
trainings of eight weeks each, though the vast bulk only

do one of fourteen days, and during their service in the

1st ban of the landwehr to two trainings of eight to

fourteen days, the bulk being, however, only called out

once for fourteen days. The men of the 2nd ban of the

landwehr are liable neither to training nor to periodical

control musters. To the landsturm belong all males

liable to service, and not otherwise belonging to the

army or navy, from their seventeenth to their forty-fifth

year
;

its 1st ban comprising those of thirty-nine years

and under, its 2nd the others. Its men are not trained in

peace.

Volunteers are taken, from among men who have com-
pleted their seventeenth year, to serve for three years in

the cavalry and horse artillery, and for two years in

the other arms. These men may choose their own regi-

ments; so that volunteering is preferred by men who
either desire to make the army a profession, or, for private

reasons, wish to complete their active service earlier, or

have a fancy for a particular regiment. A special category

is formed by the one-year volunteers, who must pass a high
educational test or have gone through certain classes in
the schools. These receive no pay, clothe and equip
themselves, and in the mounted branches find their own
horses, in consideration of which they only serve one year
actively. They are supernumerary to the establishment,

and their number is unlimited. Both categories of

volunteers pass into the reserve, &c., with men of their

own age recruited compulsorily.

Becruiting is managed hy committees of officers and civil

officials in each recruiting (landwehr) district. These draw up
lists, decide on exemptions allowed by law, and conduct the
medical examinations. AIL men passed as liable and fit draw lots
for numbers, and the lowest numbers are taken up to the con-
tingent required. No substitution is allowed.

Son-commissioned officers (corporals and above) are obtained
from two classes—(a) from the two- or three-year volunteers
mentioned above, or (&) from the non-commissioned officers*

ifciiools, which youths of seventeen to twenty years of age volun-

tarily join. Their course there lasts three (in exceptional cases, two)
years, and they are bound to serve four years in the army after
leaving the school. Non-commissioned officers are encouraged to
remain in the army by a promise of employment in the gendarmerie
after nine, or in the civil service after twelve years

;
and on leaving

the army they receive a giatuity which varies fiom 50s., after five,

to £60 after twelve years’ service. Pensions aie given to invalids!
Officers are obtained from two sources—(a) cadets, and (&) two- or

three -year volunteers. Cadets join a provincial cadet -house
between ten and fifteen years of age, and afterwards pass two and a
half yearsm the Central Institution, near Berlin. At about eighteen
years of age, they are appointed ensigns {Fahnnch, an intermediate
rank between officer and non-commissioned officer) direct. Those
volunteers who desire to become officers must be approved of by
their commanding officer, and pass an examination or produce
equivalent school certificates. They are private soldiers, but are
known as aspirants to commissions {FahmnjunJcer)

;

they may live

at the officers’ mess, and may wear when off duty uniforms oi finer

cloth. After five months’ actual service, and being passed pro-
fessionally, they may be promoted ensigns. All ensigns must pass
through a “war school,” at which the course (military subjects,

both theoretical and practical instruction) lasts nine months;
after which they pass their “officers’ examination,” and are
nominated lieutenants as vacancies arise. They must, however, be
first balloted for and accepted by the officers of the regiment they
are to join.

Officers of the reserve come, for the most part, from former one-
year volunteers, who, after their one yeai’s service, do two trainings
of eight weeks each, and pass an examination. The one-year volun-
teers who do not become reseive officers become non-commissioned
officeis of the reserve.

There are four separate armies—those of Prussia and of the minor
states, Bavada, Saxony, and Wurtembeig—each administered
separately by its own War Ministry, but all bound to conform as

regards organization, formation, training, pay, command, mobiliza-
tion, and (to a great extent) clothing, to fixed regulations. The
minor states have concluded military conventions with Prussia,

and their contingents are administered by its War Ministry. By
the law of 25th March 1899 the army was to be raised from the
1st October 1899 onwards to a strength of 495,500 lance-corporals
and privates, which figure was to be attained in 1903, and at this

strength it was to lemain till 31st March 1904. It is divided into-

the following units, the figures in brackets showing those actually
existing after the new formations of 1st October 1899 were com-
pleted;—Infantry, 626 (624) battalions

; cavalry, incluffing mounted
rifles, 482 (472) squadrons

; field artillery, 574 (541) batteries
;
foot

artillery, 38 (37) battalions
;
pioneers, 26 (24) battalions

;
com-

munications troops, 11 (10) battalions
;

train, 23 (22) battalions.

The infantry consists of 175 regiments of 3 battalions, 41 regiments
of 2 battalions, and 18 rifle battalions. Each battalion has 4

companies. A number of those on the frontiers have an establish-

ment of 640 non-commissioned officers and men, the remainder
have one of 570 only. The infantry is armed with magazine rifles

of 8 millimetres’ calibre, loaded by packets of 5 cartridges at a time,

and bayonets. In marching order, each man carries 120 rounds of

ammunition and his share of a portable tent equipment. The
cavalry consists of 93 regiments of 5 squadrons each, of which 14

are heavy, 26 medium (lancers), and 64 light (dragoons and
hussars). A regiment has 681 non-commissioned officers and men,
and 667 horses, but those on the frontiers are slightly stronger.

I

The armament of all cavalry consists of steel-shafted lances (for

!
both ranks), carbines of the same construction as the infantry

rifle, and swords. The mounted rifles consisted in 1900 of 7

squadrons, and 10 more were to be raised. Each has 133 non-

commissioned officers and men, and 132 horses. They are armed
with swords and revolvers, and are used as orderlies, scouts, &c

,

and attached to various staffs. The ^Id artillery^ consisting xn

1900 of 85 regiments, was to attain its full strength of 94 regiments

in 1901, each regiment having 6 batteries in 2 brigade divisions of

3 batteries each. In 6 regiments (one of these brigade divisions),

and in 2 other regiments, one of the 6 batteries is of horse artillery.

Eleven of the regiments have each an extra brigade division of 2
horse artille]^batteries,which, onmobilization,would join the cavalry

divisions. In each army corps (see below) one brigade division of

one ofthe regimentsconsists of 3 field howitzer batteries. About one-

third of the field batteries are on a higher establishment of 115 non-

commissioned officers and men, 60 horses, and 6 guns (there are 12

batteries on a still higher establishment)
;
the remainder having

102 men, 44 horses, and 4 guns horsed. The horse batteries for

the cavalry divisions have 121 non-commissioned officers and men,

120 horses, 6 guns, and 2 waggons horsed ; the others, 92 men, 7d

horses, and 4 guns. The ^ns are of 1896 pattern, nickel- steel

quick-loaders of 7 *7 cm. calibre, and the howitzers of 1898 pattern

of 10 ’5 cm. calibre. Both fire shrapnel shell and shell filled with

high explosives. A battalion offoot artillery has 4 companies, with

595 non-commissioned officers and men. Two (in 2 cases 3>

battalions form a regiment. This arm is trained for siege and inland
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fortress duties (except 3 battalions as coast artillery), and also mans
the heavy position and howitzer batteries of the field army. The
'pioneers aie organized in single battalions of 4 companies, with 611
non-commissioned officers and men, and are aimed as infantry.

They are trained in field and siege woiks and bridging. The com-
mnnieations troops consist of 3 railway regiments of 2 battalions

each, and 1 independent battalion, 3 telegraph battalions, and a
balloon company (to be expanded to a battalion of 2 companies).
The tram haitcSlions correspond to the transport branch of the British
Army Service Corps, and have each 3 companies, with 299 non-
commissioned officers and men, and 190 horses. To 8 of them are

attached sections of 59 men and 57 heavy draught horses for

battel les of position.

The army is divided into 23 army corps. Twenty-two of these
are assigned to certain territorial districts for recruiting, and the.
Piussian Guard Corps is recruited from the whole kingdom. Of'
these 22 (21) corps, 16 are furnished by Prussia, &;c., 3 (2) by
Bavaria, 2 by Saxony, and 1 by Wurtemberg. There are exceptions
in many cases, but the usual composition of an army corps, when
the artillery had i eached its full strength, was to be : 2 divisions each
of 2 (in 9 divisions, 3) brigades of infantry, each of 2 regiments, 1

brigade of cavalry of 2 regiments, and 1 biigade of field artillery

of 2 regiments, besides which the corps would have 1 squadron of
mounted rifles, 1 battalion of rifles, 1 foot artillery regiment, 1

ioneer battalion, and 1 tram battalion. The 1st and 14th corps
ave each 3 divisions. In the various War Ministries mentioned

above, the administration of the armies is conducted. Prussia and
Bavaria have in addition a “Great General Staff,” in which the
preparation of the army for war and its employment in the field

are studied. There is, further, in each State a “ Military Cabinet,*

in which all questions of the promotion and appointment of officers

are dealt with. The heads of these three departments are indepen-
dent of each other, and are directly subordinate to the sovereign.

Great independence is allowed to generals commanding army corps,

who are directly responsible to the sovereign foi the training and
preparation for war of their troops.

The standing army would take the field as it stands in

peace, except that the bulk of the cavalry would be formed
into independent cavalry divisions, each of 6 regiments and
2 batteries of horse artillery, and that certain units of its

artillery and engineers serve as cad/res for 2nd line forma-

tions. An infantry battalion on the war footing has 26
officers and officials, 1031 other ranks, 46 horses, 15
carriages

;
a cavalry regiment of 4 squadrons (one of the

squadrons being left behind as a depot), 31 officers, &c.,

665 men, 741 horses, and 17 carriages; ahorse battery,

5 officers, 166 men, 236 horses, 6 guns, 9 ammunition
waggons, and 5 other carriages; and a field battery, 5

officers, 171 men, 150 horses, and carriages as in a horse

battery. A normal army corps would have 25 to 29
battalions, 4 or 5 squadrons, 21 batteries, 3 pioneer

companies, &c., or a total fighting strength of 25,000 to

29,000 infantry, 600 to 750 cavalry, 126 guns, and 750
pioneers, with a ration strength of 37,000 to 41,000 men
and 12,000 horses. A cavalry division with 24 squadrons

and 2 batteries would have a ration strength of about

4800 men and 5100 horses. It is not known to what extent

reserve and landwehr troops would be formed, but it is

generally assumed that a division of all arms of each

category, 12,000 to 20,000 strong, would be formed in each
army corps, which would give a 2nd line army equal in

strength to the mobilized standing army, about haK of

which might easily be employed in 1st line, Eoughly
speaking, without calling on the landsturm, Germany could

put 2,000,000 men in the field, and keep another 1,000,000
for home garrisons and depots.

The total budgetary strength of the German army for

1899 was :—23,730 officers, 79,873 non-commissioned

officers, 491,826 men, 2155 surgeons, 2805 paymasters,

veterinary surgeons, armourers, and saddlers, and 101,065
troop horses. The above figures are exclusive of the

colonial troops, which are insignificant in number, there

being in South-west Africa a force of about 750 Germans,
in East Africa about 130 Germans and 1600 natives, in

Togoland 3 Germans and 150 natives, and in Cameroon
15 Germans and 300 natives. Kiaochow is held by
marines from the Imperial Navy. (j. m. g»)

I E S

Fbance.

Every Frenchman becomes liable to military service at

the age of 20. This liability dates from the conscription

law passed at Jourdan’s instance on 5th September 1798.

But the principle of universal service was soon impaired

by the admission of substitutes, authorized by the decree

of 7th March 1800, and at length abolished by the

recruiting law of 27th July 1872. This was replaced on
15th July 1889 by a new law, which extended the total

period of military service from 20 to 25 years, but reduced
the term of service with the colours from 5 years to 3. This
term was to be followed by 7 years in the reserve of the

active army, 6 years in the territorial army, and 9 years

in the reserve of the territorial army. Exemptions for

family or educational reasons were withdrawn, and those

who had hitherto been allowed the benefit of them
were required to serve for one year with the colours.

Those who are physically unfit to bear arms may be
employed in the auxiliary services in time of war.

To adjust the strength of the standing army to the

annual budget, the minister of war is given power to

release three-years’ men when they have completed one
year’s service. The average annual contingent is about

200.000 able-bodied men, of whom about one-third are

released at the end of the first year. There are also about

20.000 volunteers who serve for one year, and may pro-

long their service to five years. The law of 1889 was
modified on 19th July 1892, the term of service in the

reserve of the standing army being prolonged to 10 years,

and that in the reserve of the territorial army reduced to

6 years. In the infantry and cavalry more than half

the subaltern officers are from the ranks, the rest being

from the military schools. In the artillery and engineers

about three-fourths come from the schools. Promotion
is partly by seniority, partly by selection. The latter

method is applied to one-third of the promotions to the

rank of captain, to one-half of those to the next grade

(battalion, or squadron, commander), and to all above
that rank.

The organization of the army is based upon the law of

24th July 1873, which fixed the territorial system, sup-

plemented by the cadre law of 13th March 1875, which
defined the number of units. But there have been several

changes since. At present the units of the standing army
are as follows :

—

Infaritry,—173 regiments, viz., 163 of the line, 4 of Zouaves, 4
of Algerian rifles, and 2 foreign. The regiments are nominally of

4 battalions, bnt some fourth battalions are wanting. The Zouave
and foreign regiments have 5 battalions, and 3 of the Algerian
lifles have 6. Each battalion consists of 4 companies, which, in line

regiments, have a peace strength of 127 men, in the Zouave and
foreign regiments of 151, and in the Algerian rifles of 164. There
are 30 battalions of chassewrs a pied, each consisting of 6 com-
panies. Twelve are mountain battalions, and have 150 men per

company; the others have 133 men. There are 5 battalions of

African light infantry, each having 6 companies of 250 men.
There are 4 disciplinary companies of variable strength.

Cavalry,—Eighty-nine regiments, viz., 13 of cuirassiers, 31 of
dragoons, and 45 of light cavalry (chasseurs, hussars, chasseurs

d’Afrique and spahis). The regiments generally have 5 squadrons

of 150 men
;
the 4 spahi regiments have 22 squadrons in all, of 178

men. There are also 8 remount companies.

Artillery,—Eighteen battalions of foot (or fortress) artillery,

comprising 105 batteries, with a peace strength of 129 men each.

Twenty brigades (40 regiments) of field and horse artillery, com-
prising 442 field and 62 horse batteries of 103 men, and 14 moun-
tain batteries of 156 men. When serving in Algeria the batteries

are of higher strength.

Engineers,— Seven regiments, including 1 railway regiment.

Two are of 4 battalions, the others of 3 battalions. There are

4 companies to each battalion, the railway companies having a
strengfii of 160, and the others of 108 men. Each regiment

has also a company of train.” The engineer staff numbers
460 officers and 868 subordinates.
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The infantry are armed with the ‘‘ Lebel rifle

*’ of 1886, 8 mm.
(0*315 in.) in calibre. It is sighted to 2000 metres, and has a

magazine for 8 cartridges in the stock. The batteries—field, horse,

and mountain—are of 6 guns each. The field artillery gun is of

90 mm. (3*54 in) calibre
;
the horse artillery gun is of 80 mm.

(3*15 in.) calibre. A quick-firing gun of 75 mm. (3 in.) is being

rapidly introduced. It is of nickel steel, and weighs with its

carriage about 19 cwt., rather more than the horse artillery gun.

It is said to have a range of 7000 metres, and to be capable of

firing 20 rounds a minute. The weight of its shell is 15i ib. A
field howitzer of 120 mm. (4*7 in.) calibre has also been adopted.

It weighs, with its carriage, 29 cwt., and has a range of 6000

metres. Besides shrapnel, it fires long shells weighing 45 Ib, with

a bursting charge of 13 Ib of melinite.

Two regiments of infantry or cavalry form a brigade

;

2 infantry brigades, with 6 field batteries, 1 company

of engineers, <fec., form an infantry division; and, as a

rule, 2 infantry divisions, with a battalion of chassenrs,

a brigade of cavalry, 8 batteries of field and horse

artillery, &c., form an army corps. The foot artille^ is

allotted to those army corps which have fortresses within

their regions. France is divided into 19 army corps

regions, and Algeria forms an additional one. The prin-

cipal elements of the field army corps, with the staff and

the cadres of the territorial army, are, as a rule, quartered

in the region assigned to it, though its recruits are not

necessarily drawn from its region. Outside the army
corps there are 7 independent cavalry divisions of 3

brigades and 3 horse batteries each. The Algerian army
corps (numbered xix) has 3 divisions. It consists mainly

of Zouave and African regiments, but draws its artillery

and engineers from regiments in France. There is also a

separate division in Tunis. The effective strength of the

standing army in 1898 was 544,000 ofiicers and men.

On mobilization for war the strength of the companies of

infantry of the line and chasseurs is raised to 250 men,

of engineer companies to 262 men, of field batteries to

180, and horse batteries to 190 men. There is little

change in the squadrons of cavalry. On a war footing

a cavalry brigade numbers about 1200 men, an infantry

brigade 6000, an army corps nearly 40,000 men. As a

fighting force it may be reckoned at 25,000 infantry,

1200 cavalry, and 120 guns. Armies (the commanders
of which are designated beforehand) would be formed by
groups of three or more corps, and the cavalry divisions

would be attached to them. The territorial army would
be used chiefly for garrisons and on lines of communication.

The strength of its units when mobilized is generally the

same as that of similar units of the active army, but it is

not at present organized in brigades. Each army corps

region would furnish 8 regiments of infantry, 8 squadrons
of cavalry, 1 regiment of artillery, and 1 battalion of

engineers. The total war strength of the active army and
its reserve would be nearly 2^ imllions, and the territorial

army with its reserve would raise this total to about 4^
miUions of trained men when the present laws have had
their full effect (viz., in 1915). This is more than 11 per
cent of the population. (b. m. l.)

Italy.

The Italian noilitary organization is governed by laws
enacted in 1883, 1884, 1887, and 1888. The armed strength

consists of (1) the active army, (2) the mobile militia, (3)
the territorial militia. The annual contingent for service

with the colours is deteimuned by Parliament, and selected

by lot from the men who reach the age of 20 in each year

;

the rest pass at once into the reserve
; men exempted from

service in the active army, but fit to bear arms, pass into

the territorial militia. The liability to service lasts from
the age of 20 to 39, and the 19 years may be spent as
foIloTO:-^

Active Army. Militia.

With Colours. Reserve. Mobile. Terntorial.

Years. Years. Years. Years,

3 5 4 7

8 4 7
... ... 19

Cavalnj.—There are 24 regiments, each of 6 squadrons, and a
depot. Twelve regiments are told off, one to each army corps

;

the rest would be formed into 3 cavalry divisions of 2 brigades of
2 regiments. All regiments have a territorial title as well as a
number. The war strength is 43 officers and 845 men, of whom
740 are mounted.

ArtiUeri/.—TheTe is 1 horse artillery regiment, consisting of
6 batteries of 6 guns. The battery at war strength contains 4
officers, 150 N.C.O.’s and men, and 166 horses. The regiment
would form 3 brigades of 2 batteries to act with the 3 cavalry
divisions. The field artillery comprises 24 regiments—12 divisional

and 12 corps artillery. Each regiment contains 2 brigades of 4

batteiies and a depot battery. A divisional regiment contains

47 officers, 904 men, and 428 horses
;
a corps regiment has 53

officers, 997 men, and 458 horses. The light battery is armed
with a gun firing a 9^ lb. shell. The total weight of the gun and
limber is 30J cwt The heavy batteries are equipped with guns
firing a 14*9 shell, and the weight behind the team is about 414
cwt. A heavy brigade is attached to each infantry division, and
a mixed hiigade of 2 heavy and 2 light batteries is allotted to each

army corps. The mountain artillery is organized in 1 regiment of

9 batteries of 6 guns and a depot. On a war footing each battery

has 4 officers, 150 men, and 63 pack animals. The garrison

artillery forms 3 regiments, each of 12 companies, and 1 depot,

and 2 regiments of 16 companies and 1 depot. A company con-

tains 3 officers and 100 men. The garrison artillery supplies the

personnel for siege parks, for fortresses, or fortified positions, and
for coast batteries.

Infantry,—The infantry of the line forms 2 regiments of

f
renadiers and 94 other regiments, organized in 48 brigades

earing local titles, and 24 divisions, A regiment has 3 hattdions
of 4 companies and a depot. The strength of a regiment and a

battalion is

T?omTYiPTi+ fl^eace 61 1299
Regiment

2811

„ /Peace 15 400
Battalion

24 918

In addition to line infantry, there are 12 regiments of bersaglieri,

which are not brigaded, and 7 regiments of Alpini, specially

trained for mountain warfare. The regular infantry is armed with

the Mannlicher magazine rifle, calibre 0*257 inch, weighing with

bayonet 9 Ib 2 oz.

Engineers,
—

^These form 2 regiments, each of 16 sapper or field

companies ; 1 regiment of 7 sapper companies, 6 telegraph com-

panies, 3 transport companies, and 1 specialist company; 1

regiment of 8 pontoon companies, 2 special lagoon companies for

service at Venice, 4 railway companies, and 3 transport companies.

Each of the 4 regiments has a depot. The sapper or field com-

panies famish 1 company and 1 pontoon section to each division

in the field, 1 engineer park to each army corps, 1 brigade of

3 companies to each field army. They also supply detachments

for sieges or for work in fortresses. The tele^aph companies

furnish a telegraph park to each army corps and to each army in

the field. The pontoon companies furnish to an arniy one or more

bridging trains, each carrying about 200 yards of bridge.

Higher Orgemization,—^Au infantry division is composed

of 2 brigades of infantry of 12 battalions, 1 brigade of

artillery of 4 battalions of 6 guns, 1 company of engineers,

1 pontoon section, 1 ammunition column. It numbers at

war strength 276 officers and 12,705 N.C.O.’s and men.

A cavalry division comprises 2 brigades of 2 companies,

and 2 horse artillery batteries numbering 213 officers and

3820 N.C.O.^s and men, together with an ammunition

column and administration units. An army corps con-

tains 2 divisions, with corps troops consisting of 1 regiment

(3 battalions) of bersaglieri, 1 cavalry regiment of 6

squadrons, 2 artillery brigades (48 guns), the whole

numbering 943 officers and 30,387 N.C.O.'s and men.

There are also 1 corps ammunition column, 1 engineer
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park, 1 telegraph park, and administration units. The
active army can supply 12 army corps.

Mobile Militia ,—The mobile mihtia is organized in

144 infantry battalions of 4 companies, 18 battalions

of bersaglieri, and 22 companies of Alpini. In addition

there are 12 brigades of field artillery, each of 4 bat-

teries, 34 companies of garrison artillery, 9 of mountain
artillery, 30 companies of engineers

;
4 field batteries and

2 companies of garrison artillery for Sicily
;
together with

9 battalions of Hne infantry, 1 battalion of bersaglieri, 1

squadron of cavalry, 2 batteries of field, and 1 company of

garrison artillery for Sardinia.

Territorial militia is organized in 320 battalions of

infantry, 75 companies of Alpini, 100 companies of

garrison artillery, and 30 companies of engineers.

Colonial Troops ,—A special force exists for the garrison-

ing of Eritrea composed of volunteers from the active

army or reserve and of native troops.

The armed strength of Italy numbers about :

—

Active army and reserve

Mobile militia

Territorial militia

Officers.

19,450
3,600

5,200

N.O.O.'s
and Men.
805,000
295,500

1,617,000

Total 28,250 2,717,500

Austeia-Htogary.
(g. S. <

The military forces of Austria-Hungary consist of (1)

the active army with its reserves, (2) the landwehr, (3)

the landsturm. The active army is superintended by a

single war ministry for the whole monarchy
j
but the land-

wehr and landsturm are under two separate ministries of

national defence,—one for the troops of Hungary, Croatia,

and Slavonia (the “Honved” troops), the other for the

remaining states. Liability to military service was made
universal in 1868. The law at present regulating it was
passed in 1889. Except in ‘'the occupied provinces,”

Bosnia and Herzegovina, which have special treatment in

several respects, substitutes are not allowed. The liability

begins at the age of 20, and the term of service is 12

years; but the nature of the service varies. Out of

180,000 able-bodied men annually available, over 100,000
are taken for the army, and after 3 years in its ranks,

spend 7 years in the reserve and 2 years in the landwehr.

About 23,000 serve their whole term in the landwehr.

The remainder go to the ersatz (depot) reserve of the

army or the landwehr as supernumeraries. The destination

of the recruits is determined partly by lot, partly by
their claims to consideration. Young men of good educa-

tion are admitted as “ one-year volunteers ” at their own
cost, or sometimes at the cost of the state, AH men
between the ages of 18 and 42 are further bound to

serve in the landsturm, or general levy, if not otherwise

enrolled
; but the landsturm is not called out during peace,

and in war only when the landwehr and ersatz-reserves

are insufiicient. Young men who are found unfit for

service have to pay a military tax, according to their

means, for the benefit of disabled soldiers, or of the

widows and orphans of soldiers. The officers of the

standing army are drawn from the military schools.

Promotion is mainly by seniority, subject to tests of

qualification, but selection is not excluded. The reserves

are officered by retired officers and one-year volunteers.

The units of the standing army (omitting depot cadres,

&c.) are as follows :

—

Inf<mtry,—102 regiments of the line, 4 regiments of Tyrolese

rifles, 4 Bosnian-Herzegovinian regiments, all of 4 battalions ; also

26 independent rifle battafions
; making a total of 466 battalions.

There are four companies to each battalion, and their normal peace

strength is 4 officers and 93 men.
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Cavalry,— Jorty-two regiments, viz., 15 dragoon, 16 hussar,

and^ 11 uhlan. Each regiment has 6 squadrons and a pioneer
section. The peace strength of a squadron is 5 officers and 166.

men. The dragoons are recruited from the Austrian provinces, the
hussars from Hungary, the uhlans mainly from Galicia. They are
all armed alike with sabres and repeating carbines.

-Fourteen brigades of field artillery, each consisting
of 1 corps regiment and 3 divisional regiments. In each regiment
there are 4 field batteries with a peace strength of 4 officers, 101
men, &nd 4 guns (to be raised to 8 guns in time of war). Attached
to regiments of the corps artillery there are 8 divisions of horse
artillery, making 16 horse batteries of 5 officers and 122 men each,
and 11 batteries of mountain artillery of 2 officers and 60 men
each. There are also 3 additional mountain batteries which
form a separate division. Of fortress aitillery there are 6 regi-
ments and 3 independent battalions, making 18 battalions in all.

In each battalion there are 4 field companies of 4 officers and 98
men.

Migineers, cfec.—Fifteen pioneer battalions, each having 5 com-
panies of 5 officers and 107 men. The 5th company is expanded
into 3 fortress companies in war. The train includes bridge-
equipment. There is a railway and telegraph regiment of 3;

battalions, each having 4 companies of 50 officers and 118 men.
The engineer staff comprises 146 officers.

The general staff of the army numoers 481 officers, of
whom 276 belong to the staff corps, and the rest are

attached. There are 29 infantry regiments (to be increased
to 32) of Austrian landwehr, and 28 of Hungarian, making
195 battalions in all. Each battalion has 4 companies
of about 55 men. The landwehr cavalry consists of 6
regiments of uhlans and 10 regiments of Hungarian hussars,

of 6 squadrons each, and there are also 3 squadrons of
Tyrolese and Dalmatian mounted infantry. The peace
strength of the squadrons is from 43 to 65 men. There
are no landwehr artillery or engineers. The infantry are

armed with the Mannlicher magazine rifle of 8 mm. (0*315
inch) calibre, the latest pattern being of 1895. It ia

sighted to 3000 paces. The magazine holds 5 cartridges

which are inserted simultaneously in a clip. The field

and horse batteries are armed with steel-bronze guns of
9 cm. (3*42 inch) calibre, the field gun weighing cwt.,.

and that of the horse artillery about 8 cwt. The pattern

is of 1875, and no provision has yet been made for sub-

stituting quick-firing guns
; but something has been done-

to check recoil and make the present guns more effective.

The higher units of the army are of variable strength.

An infantry brigade consists of 6 to 9 battalions; a

cavalry brigade of 2 or 3 regiments. Two brigades form
a division. An infantry division comprises also 3 or 4
squadrons of cavalry, and a regiment (4 batteries) of field

artillery. A cavalry division has 2 batteries of horse-

artillery and one or two battalions of rifles. A corps is

ordinarily made up of 2 infantry divisions, a cavalry

brigade, a regiment of corps artillery, and technical troops.

The territory of Austria-Hungary (including Bosnia and
Herzegovina) is divided into 15 corps districts and 1

divisional district (Zara in Dalmatia), There are 5
cavalry divisions, of which 2 are attached to the 11th

corps (in East Galicia) and the other 3 to the 1st, 2nd,

and 10th corps. The total peace strength of the regular

army is about 283,000 men, and of the landwehr about

49,000, making 350,000 in all, officers included. The
war strength of the various units is not published now,

but the field troops available on mobilization would prob-

ably amount to 800,000 men, the landwehr to 320,000,

the ersatz-reserves of army and landwehr to 480,000. It

is reckoned that another million of trained men could be
found in the landsturm. (e. m. l.)

Eussia.

Since the war of 1877-78 many changes have been

introduced into the Russian army, which was not pre-

viously organized in higher units than the division*.
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Under the law of Jan. 13, 1874, modified by that of

June 14, 1888, and Jan. 19, 1893, liability to service

extends from the beginning of the 21st to the end of the

43rd year of age. The first 18 years are passed in the

standing army, the rest in the militia. Service with the

colours lasts for 5 (in practice 4) years, the remaining

term being spent in the reserve, which entails two train-

ings of six weeks each for the entire period. The army

mobilized for war is composed of (1) field troops, (2)

reserve troops, (3) depot troops, (4) fortress troops, (5)

local troops, (6) militia,

(1) The field troops are composed of the standing army

made up to war strength by calling out the reserves.

(2) The reserve troops are formed by the expansion of

reserve cadres maintained in peace. (3) Depot troops are

formed upon cadres detached at the outbreak of war from

the standing army. Their function is to keep the field

units up to strength. (4 and 5) Fortress and local troops

are brought up to war strength in the same way as reserve

troops, but are intended to be employed only on garrison

duties. (6) The militia comprises all men physically fit

for military purposes between the ages of 21 and 43

inclusive, and is divided into 2 bans. The 1st ban con-

tains the men who have served with the colours, and

those who have not been included in the annual contin-

gents, but are wholly fit for active service. It may be

used to complete the field army, or to form militia units

for home defence. The 2nd ban includes men exempted

on special grounds from service with the colours, and

those regarded as not wholly fit for operations in the field.

Military service in Finland was regulated by the law of

Jan. 13, 1881, which prescribed 3 years with the colours

and 2 with the reserve, the rest of the military period

up to the end of the 43rd year of age being passed in

the militia. The conditions have, however, been as-

similated to those of the empire. Cossacks serve under'

special regulations for 20 years, beginning with the

completion of the 18th year of age. The first 4 years

are spent with the colours, the next 4 on leave. During

the last 5 years they are only liable for service in case

of war.

Infantry.—There are 209 regiments, each of 4 battalions, of 4

companies and a non-combatant company. These regiments com-
prise 12 of imperial guard, 16 grenadiers, 181 line infantry. Guard
regiments have titles only, the rest (1 to 16 grenadiers and 1 to

180 line) have a geographical title as well as a number. The
peace and war establishments of a regiment are as follows ;

—

Officers

Peace.

70
War.

79
N.O.O.'s and men (combatants) . 1816 3874
Horses 25 158
Carriages ..... ... 77

*Rifles are regarded as light troops, and are supplied with recruits
of superior stamp. They consist in peace ot 36 two-battalion
regiments and 32 independent battalions, having on mobilization
4 four-battalion regiments, 32 two-battalion regiments, and 32
independent battalions. The magazine rifle, 1891 pattern, calibre
0*299 in., weighs with bayonet 9 Ib 12 oz., has a muzzle velocity
of 2000 f.s., and is sighted to 3000 paces. Every infantry regiment
carries in the field 1280 light and 256 heavy spades, 320 light and
128 heavy axes. The Cossack infantry consists in war of 16
Kuban and 4 Transbaikal battalions. The reserve infantry cadres
maintained in peace consist of 82 battalions in Europe, 26 bat-
talions in the Caucasus, and 15 battalions in Asia, to be expanded
^n mobilization to 264, 74, and 51 battalions respectively. The
fortress infantry is organized in peace in 1 regiment of 6 and 17
regiments of 2 battalions, each of 5 companies. On mobilization
these expand into 31 regiments of 6 battalions. The regiment
takes its title from its fortress. The militia is intended to be
organized in 640 battalions in war, and to be brigaded in 2
categories, each of 320 battalions.

CmaLry,—The regular cavalry consists of 68 regiments of 4 or 6
i^uuadrons, and 2 independent Asiatio divisions of 2 s(iuadrons.
The establishment of regiments is as follows :

Peace. War.

4 squad-
rons.

b squad-
rons.

4 squad-
rons.

6 squad-
rons.

Ofiiceis .... 32 38 30 36
N.C.O.’s and men (com-

batants) . 706 1027 629 920
Horses .... 585 905 676 1016
Carnages ... 23 29

Each squadron carries 20 light spades and 20 light axes on the
saddle. Pioneer detachments with a demolition equipment are

provided in the case of regiments on the western frontier. The
Cossack cavalry supplies 317 squadrons in peace and 905 in war.

Each regular regiment has a depot cadre, which on mobilization

forms 2 squadrons. The Cossack establishments supply in war 43
depot squadrons, to train men and horses for the active units.

On general mobilization it is contemplated to form 80 squadrons
of militia cavalry.

Artvllery.—The field and mountain artillery consists of 52
brigades— 3 guard, 4 grenadier, 45 line—attached to infantry

divisions, together with 53 batteries, of which 7 form the

Turkestan brigade, and 12 form 2 East Siberian brigades, the

remainder being classed as ‘
‘ independent.” An artillery *

‘ brigade

”

varies in strength from 9 batteries (guard, grenadier) to 4 bat-

teries (2nd East Siberian),
^

Batteries are classed according to

their armament as lieavy, light, mountain, and howitzer. Bat-

teries of the first 3 classes have each 8 guns
; howitzer batteries

have 6. The following are the particulars of the equipments :

—

Heavy. Light. Mountain. Howitzer.

Calibre (in.) .

Shrapnel (tb)

.

Muzzle velocity (f.s.)

Projectiles carried ,

Load behind team (cwt.

)

4-2

28
1450
108

42i

3*42
15*4

1700
150

37i

2-5

8*9

1143
128
194*

6

59t
760
92

* Weight of gun, Ib. t High explosive shell.

A field battery carries 32 spades, 24 axes, and 4 pickaxes for

entrenching purposes. New equipments aie being tried and will

be graduaUy introduced. The howitzer artillery consists of 7

regiments, of which 1 to 6 have 4 batteries each, and the

remainder 2 batteries. There are also 2 batteries forming part

of the 1st East Siberian brigade. The regular horse artillery num-
bers 28 batteries (5 guard) and 3 independent horse mountain

batteries. The horse batteries are organized in divisions of 2

batteries and attached to cavalry divisions. The Cossack horse

artillery batteries number 20 peace and 38 in war. The reserve

field artillery in peace consists of 7 brigades, each of 2 divisions of

2 or 3 batteries, in all 41 batteries, expanding on mobilization to

164 batteries. The depot field artillery force is organized in peace

cadres, forming 3 brigades of 3 batteries, 5 independent batteries,

and 1 horse artillery battery, expanding in war to a total of 56

batteries. It is proposed, when the militia is called out, to form

80 militia batteries, organized in 40 regiments attached to the 40

divisions of infantry. The fortress artfilery contains 56 battalions

of 4 companies, 4 siege battalions of 4, 3, or 2 companies, 10

independent companies, and 5 sortie (field) batteries expanding

into 16 batteries. The establishment of a fortress or siege

battalion is ;

—

Peace. War.

Battalions of

Company.
4 Cos.2 Cos. 3 Cos.

Officers ....
N.C.O.’s and men (com-

3 11 16 21

batants) . 112 654 983 1310

The siege ordnance consists of 4 •2-in., 6-in., 8 -in. guns, and of
3 •4-in., 8-in., and 9-in. (screw) mortars. The garrison and coast

defence ordnance includes 14-m., ll-in., and 9-in. guns (1877),

11-in. (1886), lO-in (1895), and 6-in. Q.F. (Oanet) guns. A militia

force of foot artillery, consisting of 10 battalions, each numbering
24 officers and 1308 II.C.O.’s and men, is to be formed in war.

Engineers, — The sapper and pontoon battalions and the
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engineer parks are in peace time administered in 7 brigades. In
war the units aie distributed among the field and other troops.

There are 25 sapper battalions in Europe and 4 in Asia, 8 pontoon
battalions and 7 field parks. The sapper battalion has usually

3 sapper companies and 1 telegraph company. Its usual establish-

ment strength is :

—

Officers

Peace.

22
War.

26
N.O O.’s and men (combatants) . 488 937
Horses 14 321
Carriages 119

A pontoon battalion carries from 340 to 400 yards of bridge
equipment. There are 7 railway battalions, 4 in Europe and 3 in

Asia. The latter are kept at war strength : 30 to 35 officers and
1300 to 1560 N.C.O.’s and men combatants. There is in peace an
instructional balloon park, which would form detachments in war
for armies in the field.

Higher Organizationfor War,—The active army in Europe and
the Caucasus supplies 24 army corps composed of 51 infantry and
23 cavalry divisions and 2 rifle brigades. There are also 1

independent rifle division, 6 independent rifle brigades, and 2
independent cavalry brigades, together with a large bodjr of active

troops not included in the higher units. The empire is divided
into 12 military districts and 1 province, subdivided into 23 local

brigades.

The approximate total strength of the combatant forces on a
war footing is as follows :

—

Battalions
or

Squadrons
Guns. Officers.

N.C O.’b
and
Men.

L Field Army—
Infantry . 985 19,454 952,708
Cavalry . 730 3,728 109,916
Artillery . 3782 4,484 164,096
Engineers ... 1,076 39,981

Total . 3782 28,742 1,266,701

II. Fuld Eeserves—
Infantry . 10,672 631,152
Cavalry . , . 2,236 85,090
Artillery

.

1420 1,403
137

51,196
Engineers 6,001

Total . 1420 14,348 773,439

III. Fortress Troops—
All arms . 123 4,357 235,861

lY. Local Troops— (field)

Cavalry and
Infantry ... 379 29,690

y. Depot Troops—
All arms . ... 462 5,814 330,826

YI. Militia—
All arms . 640 10,752 673,686

Grand Total 1715 6432 64,392 3,310,203

The conditions of the Russian empire render a rigid

territorial system such as that of Germany impossMe.
Large Asiatic garrisons have to be provided, which, until

the completion of the Siberian railway, must be mainly trans-

ported and supplied by sea. Native troops in considerable

numbers are maintained, and have to be brought into the

general system. Thus the military problems of Russia

approximate more closely to those of Great Britain than
to those of any other Power. (o. s. C.)

Turkey.

The Turkish military forces are organized on a territorial

system, the empire being divided into 6 districts (ordu),

of which the headquarters are (1) Constantinople, (2)
Adrianople, (3) Monastir,

(4 )
Erzinjan, (5) Damascus,

(
6
) Baghdad. The Yemen and Hejaz form a separate

ordu, whose troops are recruited from (4) and (5). On
•account of the defective state of the internal communica-
tions and other circumstances, the territorial system is not
rigidly adhered to, and even in peace time there is a con-

siderable interchange of troops in the military districts.

All Mussulmans are liable to military service, but the

nomad Arab tribes are not regularly recruited, and many
of their men evade the conscription. Liability to service

commences at the age of 20, and lasts 20 years. The
armed strength is divided into 3 categories, in which the

period of service is nominally as follows :

—

I. Nizam (active J with colours . . 4 years.

army) \iu reserves . . 2 ,,

II. Redif (landwehr) . . . . 8 „
III. Mustahfiz (laudsturm) . . . 6 ,,

The period of 4 years with the colours is sometimes
varied, and the nizam reserve is liable to be recalled at

any time. Between 130,000 and 140,000 men become
liable to service in each year, and about 50,000 join the

nizam force. Those not drawn are exempted from colour

service, but receive some small training.

Ca'Qolry,—The nizam cavalry forms 38 regiments of the line

and 2 of the guaid, each consisting of 4 squadrons and 1 depot
squadron. Regiments 1 to 36 form 6 cavaliy divisions, one for

each of the 6 ordus. There is no redif cavalry, but a tubal
militia force (Hamidieh), consisting of 48 regiments, is foimed
somewhat on the lines of Cossacks, the tribes supplying their own
horses and equipment, and arms being provided by the Govern-
ment. The war establishments of nizam cavaliy aie :

—

Officers. N C.O.’s and Men.
Squadrons .... 6 153
Regiments . . . .39 647

Peace establishments are generally low and vary considerably,
especially in Hamidieh regiments.

Artillery,—The Tuikish artillery has been generally the most
efficient of the three arms. Each of the oidus 1 to 5 has 1

battalion of horse artillery and 3 brigades of field and mountain
artillery. A brigade consists of 2 legiments of 2 battalions ot 3
batteries. The battery on a war footing has 6 guns. Thus each
of these ordus should have

—

Batteries. Guns.
Horse aitillery . . 3 18
Field >j • . '30 180
Mountain ,, . . . 6 36

Total . 39 234

To the 6th ordu 2 regiments of 2 battalions are allotted, each
regiment having 12 field and 2 mountain batteries For the
Yemen and Hejaz divisions 2 field and 3 mountain batteries are pro-
vided. The total number of batteries is approximately :—Hoise,

15 ;
field, 169 ; mountain, 42.

A field battery on a war establishment is supposed to contain 4
officers, 133 N.C.O.’s and men, and 100 hoises. Peace establish-

ments vaiy considerably in the different ordus. Horse aitillery

is armed with 7*5-cm. guns, field artillery with 8'7-cm, guns, and
mountain artillery with 6*9-cm. guns, all of Krupp manufacture.
Fortress artillery is partly raised in the several ordus, and paitly
recruited specially for the ordnance depaitment. The ordus aie
supposed to provide 64 companies, the oidnance department 20
battalions, comprising 74 companies. The fortress artillery is

mainly concentrated at Constantinople, in the Bosphorus and
Dardanelles defences, in the Bulair lines and at Bizeioum.

Infantry.—The nizam infantry consists of 69 regiments, 15
rifle battalions, and 1 battalion of mountain infantiy. In all

there are about 284 nizam battalions. There are 12 local bat-

talions of militia in Tripoli. A brigade consists of 2 regiments of

4 battalions
,
a division consists of 2 brigades and 1 rifle battalion.

Each ordu contains 8 line regiments and 2 rifle battalions. The
nominal war establishments of line and rifles are :

—

Officers. N. 0.0. ’s and Men.
Company .... 4 223
Battalion .... 24 898
Regiment .... 106 3658

The redif infantry is oiganized in 88 regiments and 852 bat-

talions. Each of the ordus supplies 8 regiments of 4 battalions.

Redif troops nominally belong to the 2nd line, hut are frequently

embodied in peace time, and employed outside their territorial

districts. Small peace cadies are permanently maintained. The
war establishment is intended to be the same as that of the uizams,

but redif battalions may be 1200 strong. The nizam infantry is

armed wdth the Mauser magazine rifle, calibre 0*302 inch, weighing
with bayonet 10 tb 7| oz. Other forces are not yet fully learmed
with recent weapons.

Engimers^^ like artillery, are partly organized in the ordus and
partly recruited from the ordnance department. The ordus 1 to 4

S. 1. — S4



666

provide each 1 hattalion of 4 companies of pioneers, and 1 telegraph

company
; the remaining ordus have each 1 company only. The

2nd ordii has in addition a pontoon train under the ordnance
department. There are two regiments of 3 battalions of 2 com-
panies and 1 torpedo battalion. The establishment of an engineer

company is about 200 men of all ranks, and of a telegraph company
about 106.

Higher Organization,—Each ordu is supposed to form

a nizam army corps of 2 divisions, and ordus 1 to 5 also

supply 4 divisions of redifs. A nizam division would
probably consist of 16 battalions of infantry, 1 battalion

of rifles, and 1 regiment of field artillery. A cavalry

division might consist of 6 regiments and 1 battalion of

horse artillery—24 squadrons and 18 guns. A nizam
army corps would comprise 2 infantry divisions and 1

cavalry division. The redif divisions would depend on
the nizam army for their artillery, and there is not suflScient

nizam cavalry to enable them to be formed into army
corps. The army corps organization, however, has not

been wholly naturalized in the Turkish empire, and is not

well suited to its conditions. The combatant forces of

Turkey number about 700,000 men, exclusive of a large

number of mustahfliz, who cannot be said to be organized,

but who would provide able-bodied men partly trained.

(g. s. c.)

SWITZEKLAKI).

The Swiss army is a purely militia force, receiving onl}^

periodical training, but based upon the principle of

universal service. Liability begins at the age of 20 and
lasts for 25 years. Cavalry men receive a recruit^s course

of 80 days’ training on joining, and subsequently a re-

petition course of 10 days in each year, until the end of

the 11th year. Artillery and infantry undergo recruits’

courses of 55 and 45 days respectively, and a repetition

course of 18 and 16 days in every alternate year till the
end of the 12th year, when they pass into the landwehr,
and receive 6 and 5 days’ training every fourth year. The
Confederation supplies certain units which are recruited

throughout the country. The rest of the army is recruited

in 8 territorial districts. The armed strength consists of

(1) the active army; (2) the fortress garrison; (3) the
landwehr

; (4) the landsturm. The active army is

organized in four army corps which draws only to a small
extent upon the landwehr. The fortress garrisons are
made up of active troops {^Ute) and landwehr. The rest

of the landwehr is organized in regiments, squadrons,
companies of position artillery and engineers, and adminis-
trative units. The landsturm includes all able-bodied
men between 17 and 50 who are not included in the
active army and landwehr, volunteers xmder 17 and over
50, and oflBlcers up to 55 years of age. It is divided into
two classes, of wluch the first consists of all men under 20,
who on mobilization join the active army as recruits.

The 2nd class, consisting of men of 20 and upwards, is

divided into the armed landsturm” and the “auxiliary
troops.” The armed landsturm forms 96 fusilier battalions
of 3, 4,^ or 5 companies, 23 carabinier companies, and 26
companies of position artillery. It is inspected and drilled
on one day in each year. The “ auxiliary troops ” form
410 pioneer companies about 200 strong, and “special
detachments ” for administrative services,

Camlry.—The cavalry of the active army consists of24 squadrons
of dragoons and

^

12 companies of guides, the former being
organized in 8 regiments of 3 squadrons. The landwehr cavalry
supplies the same number of units, but has no horses. A dragoon
regiment has 17 officers and 358 l^.C.O.’s and men. Of the 12
(mmpames of guides, 8 are attached to divisions and have the same
strength as a squadron of dragoons. Cavalry horses are kept for a
year in the remount depots before being issued to recruits. After-
passir^ through the recmit^s course, the cavalry man takes his
horse to his home, paying half its cost as security. This sum is
repaid by the state in “ yearly instalments,” and at the end of the
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10 years’ service the horse becomes the property of the man.
Dragoons ai e armed with sword and a magazine carbine, weighing
7*05 lb., calibie 0*295 in., muzzle velocity 1800 t.s. The Swiss
cavalry, on account of its brief training, is intended to be em-
ployed almost wholly in reconnaissance and as mounted infantry.

Artillery.—The active artillery comprises 56 held and 4 moun-
tain batteries, each of 6 guns

,
theie is no horse artillery. For

fortress work thei e are 8 companies, 3 observation companies, and
2 machine gun detachments. The landwehr provides parks
ammunition trains, and 15 position companies. The 56 field

batteries form 12 legiments, 8 of which, each consisting of 2
brigade divisions of 2 batteries, are attached to the 8 divisions.
The remaining 4 regiments each consist of 2 brigade divisions of
3 batteries, allotted as coips artillery to the 4 army corps. A
regiment of 4 batteries contains 23 officers and 652 N.C.O.’s and
men, with 340 hoises and 24 guns. The field artillery is armed
with a 3 *31 -in. Kiupp gun, firing a 14'8-Ib shrapnel, with a
muzzle velocity of 1590 t.s. The mountain gun, calibre 2 95 in.,

fires a shrapnel of 10T4 lb, with a muzzle velocity of 1004 fs!
There are 5 brigade divisions of position artillery, each composed
of 2 active companies and 3 of landwehr. A biigade division
numbers 41 officers and 778 N.C.O.’s and men. Its armament
consists of 16 12-cm. guns, 12 12-cm. moitars, and 12 6-cm. guns.
Of the position artillery, IJ brigade divisions are allotted to the St.

Gothard and St. Maurice defences
;
the lest is available for em-

ployment with the field army. There are 3 brigade divisions of
fortress artillery attached to the defences above mentioned.
Artillery horses and those of the train are hired when requiied.

Infantry .— The active infantry consists of 96 fusilier and 8
carabinier battalions, each containing 25 officers and about 730
IT.C.O.’s and men, or 720 combatants in all. A fusilier regiment
consists of 3 battalions. The landwehr infantry consists of 66
fusilier and 8 carabinier battalions. Tliioughout the army there
is only one establishment—that laid down for war. The active

army and landwehr infantry are armed with the Schmidt magazme
rifle, calibie 0*295 in., weight with bayonet 10*43 lb, muzzle
velocity 1900 f.s. The landsturm infantry have the Vetterli iifle,

calibre 0*410 in., weight with bayonet 11*46 Ib, muzzle velocity

1411 f.s.

Mngineers.—The engineers of the active army comprise 8 half-

hattalions of 2 companies of sappers, 4 bridging detachments of

2 pontoon companies, 4 telegraph companies, 1 railway battalion

of 4 companies, 1 balloon company, and 3 fortress companies.
The landwehr provides 16 sapper companies, 2 bridging detach-

ments, 4 telegraph companies, and 4 railway companies.
Higher Organization.—The field army is organized in four army

corps of 2 divisions, with corps troops. Each division contains 2

infantry brigades of 2 regiments of 2 battalions, together with 1

guide company, 2 brigade divisions of field artillery, a carabinier

battalion, and half a battalion of engineers. The 8 divisions are

recruited in 8 territorial districts. On mobilization the active

army absorbs 230 officers and 5736 KC.O.’s and men from the

landwehr. The approximate total strength of establishments is as

follows :

—

Officers.
N.C.O.'s
and Men.

Total.

Active army.....
Active landwehr ....
Fortress garrison ....
Fortress landwehr....
Landwehr troops ....

Total ....

4522
230
224
314

1
1751

97,169
5,736

5,085
8,462

43,159

101,691

5,966

5,309

8,776

44,910

j

7041 169,611 166,652

In addition, the “armed landsturm” numbers about 53,500

men of all ranks. The pioneer companies supply about 104,000

men, and the special detachments about 114,000 men. The

former have received extremely little training, the latter consist

of men told off as far as possible for miscellaneous duties to which

they are accustomed.

The Swiss army is a kighly organized force, which,

regarded as a militia, has no equal. The amount of train-

ing imparted to it is necessarily limited, but is made as

thorough as possible
;
and the results obtained, as shown

by manoeuvres, are surprising. Against the small amount

of actual drill must be set the long service of 11 or 12 years

passed in the same unit. The men thus acquire a solidarity

which cannot be at once attained in bodies made up from

reserves on mobilization. Composed of mature and hardy

men inured to the conditions of a mountainous country,

the army is unquestionably a powrerful defensive force,
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reflecting the sturdy national patriotism of the Swiss,

and capable of offering a strong resistance to external

aggression. The total annual military expenditure of

Switzerland is under ^£1,000,000, which approximately
represents the cost of the British volunteers.

(g. s. c.)

Japan.

Japanese military organization on Western lines may be
held to date from 1873. Involving as it did the dis-

appearance of the samwrai^ or feudal soldier par excellence^

the altered state of things occasioned some trouble at first,

but within three years the new model got into fair work-

ing order and has now been accepted with sober enthusiasm

by the people. At the beginning an advisory board of

British experts was set up. Then this gave way to the

mission militaire of French ofi&cers and Italian artillerists

in the arsenal at Osaka. These were in turn replaced by
a staff of German specialists. Finally, since the period of

the Chinese war, the Japanese have felt strong enough to

dispense with all foreign assistance and to organize their

army for and by themselves.

Gonscription.—Every male of the age of twenty is liable to the
conscription, provided he is passed by the doctor, is not (under
safeguards) the sole breadwinner of his family, suffers from no per-

manent illness or disablement, is not a criminal, and is not under-

going a very specialized curriculum of education. The conscripts

are chosen by lot. The minimum height for the infantry, cavahy,
and army service corps is 5 feet 2 inches ; for the artillery and
engineers, 5 feet 4 inches. The number of eligibles is estimated at

427,000 a year, of whom 60,000 are actually taken for the colours,

and 131,300 for the depot or supernumerary forces. There is an
elaborate system of volunteering, devised to secure the thorough
tiainmg of the exempted students and of natives who have been
resident in foreign lands, who on their return to Japan at the age

of thirty-two are drafted into the territorials.

Sermce,—^Theie are four grades of service, namely—(a) with the
colours for thiee years

; (5) with the first reserves for 4^ years, who
are called up twice during their full term for three or four weeks at

a time
;

(c) with the second reserves for five years (the lomdweTvr),

who are called out twice for two weeks at a spell during their full

teim
;
and {d) with the territorial troops (the landsturri) up to the

age of forty. Besides these grades there are two classes of super-

numeraries (the depot), the first comprising men who, though
physically qualified and otherwise liable to serve, have not been
called up for service with the colours ; the second, men who have
not only escaped the lot for the colours, but also service with the
first supernumeraries. The first depot serve for 7| years, with
150 days’ training during the full term, of which ninety days
are usually required during the first year ; the second depot serve

for years, without any training, as a rule, during the period.

Ultimately both classes pass into the territorial army. Their chief

purpose is to fill such vacancies as occur in the ranks of the rebars.
Personnel,—^The conscript private becomes first a second-class

soldier, then first-class, then upper, promotion depending upon
proficiency and good conduct. The non-commissioned steps are

corporal, sergeant, sergeant-major, and special sergeant-major, with
specified periods of service in each grade, promotion resting solely

upon merit. Officers are recruited from graduates at the Officers’

College—^to which students go up either directly from one of the
six local preparatory schools or the central preparatory school at

Tokyo, after passing an examination in either case—^but no com-
mission is issued until the Staff Council are satisfied of the candi-

date’s competence and progress. For the higher and specialized

training and education of commissioned officers there are several

schools, of which the most important is the Army College, m which
instruction is given for the superior ranks and staff appointments.

Others of these institutions are the Toyama School of Musketry
and Strategy, the School of Artillery and Engineers, the Field

Artillery School, the Garrison Artillery School, the Cavalry
Practical School, the Army Service School, the Army Medical
School, the Veterinary School, the Arsenal School, and the School
of Military Music. The ranks of officers are, in their order, second-

lieutenant, first - lieutenant, captain, major, lieutenant - colonel,

colonel, major-general, lieutenant-general, general, and field-

marshal. Up to and including the ^ade of captain, promotion is

partly by seniority and partly by merit ; but above that rank
promotion takes place by merit alone. An officer who never rises

beyond his captaincy is compulsorily retired at the age of forty-

eight, The pay of a private runs from Is. lOd. per mensem for a

second-class to 3s. OJd. for an upper soldier ; of a non-commissioned

officer from 9s. 2d. per mensem for a second-class corporal to
28s. 6d. for a first-class special sergeant-major, besides rations,

uniform, and quarters. Officers are paid at lates varying from
£34 per annum for a second-lieutenant to £71 for a captain, £115
for a major, £238 for a colonel, and £600 for a general.

Orgamzaiion.—^Taking the army as a whole, it is composed of
twelve divisions, numbered 1 to 12, and one division of guards
(the Imperial Guard). Each division is commanded by a lieu-

tenant-general, is stationed permanently in an assigned district,

comprises four regiments of infantry, one regiment of cavalry, one
regiment of field artillery, one battalion of engineers, one battahon
of aimy service, and is in itself a complete fighting unit. An
infantry regiment is made up of four battalions of three companies
each ; a cavalry regiment of either three or four squadrons, with
100 sabres to each ; and a field artillery regiment of six batteries of
six guns each. A battalion of engineers is composed of thiee com-
panies, or 600 men ; a battalion of army service of 300 men. The
normal strength of a division is thus made up, exceptmg the
division of guards, which is somewhat smaller :

—

Infantry .... 9,600
Cavalry.... 300
Engineers . . . 600
Army Service.... 300

10,800 men and 36 guns.

Of mountain artillery there are six regiments, or 216 guns in all.

The total force of field artillery amounts to seventeen regiments, or

612 guns ; whilst the total strength of cavalry stands at about
5000 sabres. Over and above their normal strength, several of the
divisions (the Imperial Guard, and the First, Fourth, Fifth, Sixth,

Seventh, Tenth, and Twelfth) are furnished with extra corps,

mostly of artillery, for the garrisoning of the forts at Tokyo, Yuia,
Kure, Geiyo, Saseho, Tsushima, Hakodate, Maizuru, and Shimon-
oseki ; the additional complement of the ^ards consisting of a
brigade (two regiments) of cavalry, a brigade (three r^ments) of
field artillery, and one battalion of railway engineers. The present
peace footing may be taken at 100,000 men

;
but in 1905, when the

whole scheme of readjustment will be completed, the peace strength

will amount to 150,000 men of aH ranks and 30,000 horses, the
war strength to 500,000 men and 100,000 horses. The guards are

recruited from every part of the empire ; the divisions, from the
districts to which tney are attached. Formosa is garrisoned by a
mixed brigade, supplied by the divisions in rotation, composed of

two regiments of infantry, two squadrons of cavalry, three batteries

of field artillery, half a battalion of engineers, and half a battalion

ofarmy service. Testimony is universal to the exceptional efficiency

of the Medical Service Corps, which is distributed in the proportion

of 100 surgeons to each division, with a complete equipment for

field hospitals, bandaging stations, special hospitals, and the like.

There is also a Red Cross Society, in addition to a great hospital at

Tokyo, a large staff of trained nurses of both sexes, and two hospital

ships designed and furnished for the transport of the wounded.
The total cost of the whole army is a trifle over 37,000,000 yen, or

£3,700,000 per annum.
Staff.—Supreme control is vested in the emperor, who is the

commander-in-chief, but he is actively assisted by a general staff

(with a field-marshal for chief and a general or lieutenant-general

for vice-chief), the War Office, and a board of field-marshals. In
addition to the transaction of general business, the general staff

supervises the survey, trigonometry, cartography, and topography
departments, and directs the Army College. The head of the War
Office is a general on the active list, who has ex officio a seat in the

Cabinet and is not affected by ministerial changes. There is a
Tokyo Defence Office, under a lieutenant-general, specially charged

with the defence of Tokyo Bay, and similar duties in regard to the

other forts are entrusted to three major-generals, with headquarters

respectively at Yokohama, Shimonoseki, and Yura. All questions

concerning arms and ammunition are referred to expert committees

of artillery and engineering, and there is besides a Remount Office.

For military purposes the whole empire is divided into eastern,

western, and central districts, each under the command of a

general or lieutenant-general.

Arms.—Excepting in time of war, the Japanese are able to make
all their munitions in the arsenals at Tokyo, Osaka, and Taipeh

(Formosa). The infantry carry the repeating rifle designed by
Colonel Arisaka, and the field and horse artillery are at present

(new weapons, .^isaka pattern, are in hand) equipped with field

guns (weight about 6 cwts.) and mountain guns (weight, 2 cwts.)

of the same calibre (2 ‘955 inches) and firing similar ammunition, of

which the common shell weighs about 9^15.

For a full account of the military system under the anden regime

and farther details about the existing organization, see under

Japan.
*

Bgyptiouri Amny see Egypt. For other Armies see under

the separate headings for each country.]
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ARMOUR.
1. Body Armour.

S
INCE thepublication of the article in the ninth edition of

this work on “Arms and Armour,” the subject has been

closely studied byexperts, and is better understood generally

than was the case five-and-twenty years ago. The tendency

at present is to appreciate beauty of design and excellence

in workmanship rather than historic interest or sentiment.

This tendency, which especially exists among Continental
collectors, may give place some day to a demand for pieces

which speak more directly of the warrior fighting in the
field than of the skill of the artificer in the workshop

; but
the entire value of such pieces depends on their genuine
character, and this is more difficult to establish in plain
than in elaborate workmanship. Suits of armour which
embody both skill and sentiment can hardly fail to be

Fig. 1 —Gothic style of armour Monument of Count Otto IV. von
Henneberg.

sought after at all times. Of these, putting aside the
question of armour known to have belonged to some
celebrated man, the Suits which are of by far the most
value are those few which still remain of the 15th century,

commonly called Gkithic suits. These are appreciated not
only on account of their rarity, but because of their

singular beauty in design and excellence of manufacture.
A few of these exist in the Tower of London, but the most
beautiful suit in England fis a mounted one in the
Wallace ooUeotion. The monument of Oount Otto IV. von
Heuuebctg, executed after 1480, furnishes a very good
piwnpfe of 15th*ceutury armour of the highest class. The

Fig 2 —Suit by Jacob Topf, nearly complete ; the gorget does

not belong to it. Below is the placcate.

photograph fromwhichFig. 1 v^as reproduced is from the cast

in the South Kensington Museum. The effigy of Earl

Richard in Warwick chapel is another beautiful example.

Of this Mr Starkey Gardner says that it looks like the

work of nature rather than art. Most readers must be

familiar with another example in Albert Diner’s print of

“the Knight, Death, and the Devil.” Armour culminated

as to completeness, though it lost in beauty, at the end

of the 15th century, when the so-called Maximilian type

came in. In this the pointed toe gave place to one of

extravagant width. Of this armour many fine examples

exist, as the Tower of London includes several suits
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‘which, belonged to Henry VIII. Most high-class armour

up to this time was made on the European Continent;

that represented in the Warwick effigy is Italian,

while the armour of Henry VIII. is chiefly German.

Fig. 2, however, show^s a beautiful suit or half-suit, still

extant, which belonged to Sir Christopher Hatton, and was
the work of a celebrated English armourer, Jacob Topf.

The different classes of armour may be broadly distin-

guished as follows :-r“(l) War harness was seldom com-

plete for the rider, and little was used on the horse in

actual war. On foot, little armour could be worn below

the knee—Sir Christopher Hatton’s is an example of a

very handsome suit for a mounted knight in war. (2)
Tournament armour.—In the lists, not only would com-

plete armour be used, but additional pieces of special

weight. For jousting, the rider required to be quite

rigid, in order to deliver the impetus of horse and man in

a sharp blow through the end ot the lance, so as to strike

the adversary out of his saddle, or break the lance. Aim
was generally taken at the helm (see a paper by Lord
Dillon in the ArchcBoloqical Journal). The i ider sat against

the cantle of the saddle with straight knees and stirrups

home. Hence the helm in the 15th century was a rigid

steel case resting on the shoulder. In the 16th this was
superseded by extra pieces, chiefly one termed the grand

guard or volant piece, protecting the chest and part of the

lace. (3) For fighting in the lists on foot, the armour

was eventually carried inside the legs and arms, and under

the seat, in i^lates fitting so closely that a penknife would

scarcely find entrance. Of this an admirable example may
be seen at the Tower in a suit made for Henry VIII.

The following examples of armour may he specially noted :— |

The Toiver of London.—The above-mentioned suits of Henry i

VIII., mounted and dismounted, especially that made by Coniad
|

Seuseuhofer
;
also, Leicester’s suit ;

a German tilting saddle in which
the iider sat, oi rather stood, with his legs in sockets ; a few samples

of jacks or brigandines, consisting of plates sewn to textuie, one

on an Elizabethan archer ; also, two long bow staves lecovexed

fiom the Mary Rose sunk at Spithead.

The Wallace Collection.—The Gothic suit above mentioned, and
many suits possessing their original appeal ance in unusual measure,

owing to careful pieservation and gentle cleaning.

The Rotunda Museum, Woolwich.—Armour left behind in a

guaid-room at Rhodes by the knights on their evacuation in 1522,

which constitutes the greatest recent “find.” It consists chiefly

of salades and 15th-century pieces. The Brocas tilting helm,

unsurpassed by any, is also at Woolwich.
Wi)idsor Castle.

—^Tilting pieces and armour about the close of

the 15th century.

Warwick Castle.—Curious old closed chamfron.

Canterbury Cathedral.—Tilting helm, a short surcoat termed a

jupon or cyclas, and gauntlets of the Black Prince
;
the last are

perhaps the eailiest extant.

Westminster Abbey.—Saddle and shield of Henry V. In the

Chapter House is the only known sample of an old. English arrow.

Most of the armour placed over tombs and in churches is

“mortuary,” i.e., made specially for the puipose and generally

good for nothing, but some beautiful pieces have been thus

deposited

Armour ceased to be used by combatants generally in tbe

17th century, but it has never been entirely given np, and

ias in exceptional cases been used up to tbe present day.

The cuirasses worn by heavy cavalry are undoubtedly only

used for display—^the Life Guards left them behind when
they went on active service to Egypt and South Africa

;

but helmets are retained for protection against sword

cuts in hand-to-hand fighting, and it seems unlikely

that anything can supersede them. The growing^ power

of fire-arms, however, drove out armour. First, it

was given np for the limbs, and thickened so as to be

bullet-proof for the breast
;
when horsemen engaged hand

to hand, with pistol and sword, bullet-proof armour must

continually have saved life. Breastplates of the 17th

century frequently have indentations made by bullets.

Some of these are no doubt proof marks, but by no means
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all. One pair of plates at Dover Castle has three bullet

marks. In the siege of Athlone in 1691, complete armour
was worn by a special body of men. Very heavy helmets
and back plates were worn by sappers. A picture of the

siege of Home in 1848 shows a sapper in a special helmet
worn for protection under fire. Hard steel breastplates

were produced by Dowe, Maxim, and others in

1894. They stopped modern bullets, but weighed over

ten pounds, which is too heavy for wear. Still, portable

shields might be used in siege works, and steel shields are

employed on gun-carriages and mountings. Against sword
cuts, especially the sharp draw-cuts of an Eastern blade,

mail is an efficient protection. Dervish warriors wore
mail in the battle of Omdurman in 1898. Mail has been
recently applied to the shoulders of the British cavalry, and
one incident showing the value of mail may be recorded.

In Egypt in 1885 an officer’s wife purchased a patch of

chain mail, which she insisted in sewing inside the breast

of the uniform worn by her husband, a lieutenant of the

5th Bengal Cavalry. This regiment was engaged hand to

hand shortly afterwards, and a spear-thrust aimed at his

breast was stopped by the mail
;
he came out unharmed,

with the spear-head broken off and hanging in it. Lastly,

mail has been specially made of hard steel rings for gold'

dlggers,and theEnglish detective department possesses such
mail for wearing, if needed, inside a coat.

II. Ships and Ports.

The fact that armour for the defence of the soldier’s

body had failed to resist musket balls, and had gone out

of use, probably tended to prevent its being proposed and
tried on a larger scale for the protection of ships and forts.

Nevertheless experiments were made with regard to both
in the United States in 1812, 1841, and 1853, and in

England in 1827 and 1840. In 1855 the French employed
floating batteries at Kinburn

;
and before the end of the

Prussian war both France and Great Britain had iron-plated

batteries afloat. The British Warrior and French Gloxre

classes were ordered in 1858, and the United States coast

vessels, termed monitors, were begun in 1861. The future

use of armoured ships was indeed assured by the havoc
wrought among unarmoured vessels by the Confederate

ship Merrimae, protected by impromptu armour made of

railway iron rails. The application of armour plates to

vessels is dealt with under Ship Construction, the object

of the present article being to trace the development of

the actual armour itself, whether intended for ships, coast

defences, or inland forts.

For many years after the introduction of armour neither

plate nor shot gave promise of the powers since attained.

The shock of impact shattered or flattened the shot, and
the harder plates were fractured to such an extent that

'wrought iron was adopted. For many years the only

improvements made consisted in rolling plates of increased

thickness and size, and in employing with them such bolts

and backing as best enabled them to bear attack. Thus
plates were applied in several thicknesses, sandwiched with

thin layers of wood between them, and the so-called

“ Palliser English ” bolt was introduced, ingeniously devised

to avoid nipping and local strain, with a spherical head

which accommodated itself to any slight displacement of

the plate. This soft armour encouraged the development

of hardness rather than toughness of shot
;
consequently,

although steel projectiles held together better than those

of cast iron, the latter, when made on Palliser’s system

with points and heads hardened by chilling, penetrated so

well that they were largely adopted by all Powers, and no

fundamental change either in shot or armour took place in

naval armaments till 1876. In 1868, however, an entirely

new form of armour for land defences had been devised,
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wliich., although, it has never attracted much attention in

England, is used almost universally in European coast forts.

It was proposed and made by Gruson of Magdeburg, and

consists of massive shields of chilled cast iron, which are

easily made of any required form. No backing or bolts are

used, the shield being built up of heavy blocks, if possible

cast on the spot, which are keyed together, and constitute

the entire parapet (see Fig, 3). The metal can be made

Fig. 3.

of thickness varying according to the supposed needs of

each part of face or roof, and the breech-loading ordnance,

at that time existing on the Continent, but not in England,

allowed the use of shields sloping down forward at the

gun forts in curves well adapted to cause shot to glance

off them.

In British coast forts vertical walls were adopted,

covered with wrought-iron plates, either applied in

a single thickness, or in successive layers sandwiched

with wood or concrete (see Fig. 4). Thus British coast

armour differed fundamentally from that employed by
other nations, and this difference is maintained to the
present time, l^ese two kinds of coast shields deserve
attention as furnishing examples of the opposite extremes
in character, and as justifying the classification of armour
plates into “ soft ” and hard ” kinds, a distinction which
mu^t be kept in view in order to understand the power of
artillery fire, and the behaviour of armour when attacked

OUR
by it. Soft armour plates, such as those of good wrought
iron, do not break under the impact of shot, but yield by
perforation. Thus a projectile with sufficient striking

energy passes through soft armour, making a more or less

clean hole, but leaving the plate practically as strong as

before. A shot, however, that fails to peiforate, effects

nothing, lodging harmlessly in the shield. Hard armour
on the other hand, of which chilled iron furnishes the most
extreme example, refuses to yield by perforation, and
breaks up the shot on impact

3
but it gradually becomes

disintegrated, the whole mass before long parting in frag-

ments. Hard armour offers a complete defence against a
few rounds from very heavy guns, men and ordnance
covered by it being entirely protected until their shield is

destroyed. On this account chilled iron shields have
been used to protect coast artillery from the few rounds
that the heavy guns of men-of-war may be expected to

deliver during an attack of limited duration. Notable
examples of Gruson’s shields and forts are the St Mane
battery near Antwerp (see Fig. 3), cupolas at the entrance

of the Weser near Bremerhaven, and two turrets defending

Spezia harbour, each mounting two 1 1 9-ton Krupp guns (see

Fig. 5). The jomts shown in this figure indicate that the

to 5 0 10 SO SO 40 s.o
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Fig. 5.

turret roof is built up of fifteen sector-shaped pieces and

two centre plates of semicircular form. Before adoption a

sector piece was subjected to three blows from projectiles

fired from an Elswick 100-ton breech-loading gun. A
fourth round indeed was afterwards delivered, as well as

some rounds from 15-cm. (5*9 in.) guns. This shield

was fractured in several directions, but the fragments

remained in situ, and the defensive power of the shield was

probably but little diminished, and would continue until

some large fragments should become displaced. Soft

armour, until recently best exemplified by wrought iron,

but now by soft nickel steel, exhibits its capacity most

fully in inland fortifications, where it may be called upon

to resist the breaching attack of siege guns of such limited

weight and power as not to be able to perforate it com-

pletely. First-class soft armour might bear such an attack

for hours and days, or perhaps even for weeks. The

continued breaching attack of inland forts by siege guns

of limited weight, and the brief attack of coast shields by

the very heavy guns of battleships, illustrate the condi-

tions which bring out most completely the powers of

soft and hard armour. Between these lie innumerable



ARM
cases ;

for example, the armoured belt of a cruiser and that

of a battleship. The former is the thinner, and more liable

to be overmatched by a shot, but a cruiser is not likely to

be long exposed to attack. The thick belt of a battleship

is less likely to be overmatched, but the vessel is more
likely to be kept in contmuous close action

; consequently

the belt of the cruiser might preferably be made harder
than that of the battleship

;
and though such a distinction

has never been recognized, and may be regarded as a
refinement, it may have had infiuence, especially in re-

tarding the adoption of nickel in medium armour, noticed

hereafter. The power of guns to destroy hard and soft

armour is greatly affected by the fact that the former
requires to be shattered, the latter perforated. So far as

the shot holds together on impact, shattering depends on
its striking energy, while perforation depends directly on
the energy, but nearly inversely on the cahbre of the shot

and consequent size of hole to be made. Thus for many
years a new type 6-inch and an old type 10-inch gun were
on board the Nettle at Portsmouth. The energy of the
latter was about double that of the former, and its shatter-

ing power was probably proportionately greater, t.e., about
double; but its velocity was less, and the perforating

power of the two projectiles was nearly the same. Thus
against Gruson’s shields the old heavy gun would deliver

far the heavier blow, while the new type light gun would
perforate any ship’s side that was open to the attack of

the lO-inch gun.

As noticed above, British coast armour is made of

wrought iron, and is consequently liable to some evils

from which Gruson’s chilled iron is free ; that is to say, it

is conceivable that it might be perforated, though it is

made thick enough to make this unlikely. Bolts might
fly under a heavy blow, and injury might be done by these

and other pieces of metal, or debris forming what is termed
“longridge.” On the other hand, the plate upon plate or

sandwich system lends itself to future alterations and
additions that are impossible with Gruson’s armour, which
has finahty stamped on it, and might become a trouble-

some hindrance. Every preparation is, in fact, made for

the addition of extra front plates to the armour on British

coast forts, which can be removed, altered, or strengthened
with the least conceivable labour. The best armour now
made is intermediate between hard and soft, but generally

yields by perforation more than fracture. Steel armour
plates, although tried from time to time, long proved
brittle, and gave little promise of success. In October

1876, however, was commenced at Spezia a series of trials

which undoubtedly led to the immediate adoption of steel

in one or another form by the principal Powers. In these

trials targets representing the proposed belts of the Italian

battleships Duilio and Dandolo (then under construction)

were erected. All were made of the same thickness, t.e.,

nearly 22 inches of metal, but differed in the fact that iron

and steel were used by different makers. These shields

were attacked first by lO-inch, and subsequently by 17*72
inch (100-ton) guns. The lighter projectiles lodged harm-
lessly in the soft iron, but produced serious cracks and
fractures in the steel. On the other hand, the enormous
2000-ih projectiles of the 100-ton gun passed through the
wrought-iron plates very easily, while the steel plates

stopped them, though at the cost of their own complete
destruction. The resisting power of steel was seen to be
so disproportionate to that of iron that its adoption in

some form was a mere question of time. In England the
liability to fracture was thought so objectionable that great
efforts were made to secure toughness in some form ; and
the Sheffield makers, Cammell and Brown, brought forward
what are termed compoxmd or hard-faced plates, each kind
consisting of a hard steel face cemented to a soft wrought-
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iron back or foundation. This armour possessed the
advantage of a harder face than “ all steel ” plates of that
date, combined with a tenacious back, and was adopted
and largely made on the Continent

;
but long courses of

competitive trials eventually proved that the all steel
”

plates made by Schneider, and subsequently by other
makers, were superior to the compound, mainly because
the soft wrought-iron foundation gave msufficient support,
though in one trial at Shoeburyness when fixed on granite
a remarkable result was obtained.

In 1890 important competitive experiments in Russia
and America brought out the value of two features of an
entirely different character : first, a hard surface, and
secondly, the ingredient nickel in steel. These are so
important that they deserve to be dealt with separately.

The steel face of the compound plate was, as above
noticed, harder than that of early ‘‘all steel,” but this

hardness was due to the employment of a front plate of

harder steel throughout its mass than was deemed suitable

for the foundation. Efforts were now made to mipait
excessive hardness to the actual surface or skin of a plate

by the application of water-jets on a system proposed by
Captain Tresidder, who found that water thus projected
against hot metal came in actual contact with it, and
produced a degree of hardness which was prevented in

ordinary plunging by the formation of steam. About the
same time Harvey in America perfected a process of

carbonization applied to the front of armour plates. This
could be extended to some inches in depth, and with it

was associated an application of water to the face, but of a
less perfect kind than on the Tresidder plan. It was found
that a shot which would perforate a plate with an ordinary
untreated face might be completely broken and defeated
by a very hard skin. Successful resistance apparently de-

pends on the fracture of the shot point or extreme tip on
first contact. On the fracture of the tip, penetration

becomes much more difficult, while the shot is stiU laterally

unsupported, so that the latter may break outwards on
the same principle as an arch may yield laterally under
pressure apphed to the centre. Paliiser chilled shot indeed
often broke on ordinary plates so completely that white
radiating splashes were made by the minute particles flying

across the plate face. At the date when Harvey and
Tresidder plates came in steel projectiles had superseded
those of chilled iron. These steel projectiles had tough
bodies, with heads hardened by water or oil, and combined
the penetration possessed by a hard point with considerable

power to remain intact, so that steel shot would strike an
ordinary steel plate at a fairly high velocity, penetrate to

a considerable depth (perhaps more than a calibre), then
bound back a long way towards the firing point, and yet

suffer such inappreciable deformation or internal injury as

to be capable of being repeatedly fired at armour, and of

repeatedly behaving in the manner described.

On faces hardened by the Harvey and Tresidder pro-

cesses, which soon became combined, excellent steel

projectiles not only broke, but became so completely

disintegrated at times that the white splash mentioned as

characteristic of the defeat of chilled iron shot was seen

;

and a very curious device has been adopted to enable the

shot to hold together, namely, a wrought-iron or steel cap

applied to the shot point. It had been discovered acci-

dentally at Shoeburyness in 1877 that a chilled shot which
was defeated by a certain compound shield would perforate

it when an additional plate of wrought-iron 2^ inches

thick was added in front of the shield, the explanation

being that the additional resistance afforded by this soft

plate by no means compensated for the fact that the shot

point entered easily, and was well supported and saved

from fracture before it encountered the steeL Colonel
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(then Lieutenant) English suggested that a wrought-iran

cap on the shot point might give the same result. This

did not prove successful with compound plates, but when
the experiment took place with very much harder,

but necessarily thin, water-hardened skins in Eussia in

1894, the same device of iron or steel caps was tried with

success. Similar results have been obtained since in

America and England, and it is probable that such caps

may be used in actual war. Fig. 6 (see Plate) shows the

back of a plate of Beardmore’s recently attacked. A
capped shot point nearly bored its way through, opening
the metal in a star-shaped tear at 7. Uncapped shot

were set up, and acted as punches, partially dislodging

discs of plate, as seen at 2, 3, and 5, Harveyed armour
was adopted in Great Britain in 1892.

Fig. 10.

In 1890 a Schneider 10;J-inch steel plate, containing
nickel, behaved well at Annapolis under the attack of
6-inch and 8-inch guns, exhibiting great toughness, and
nickel was introduced soon afterwards in American armour.
In Engknd considerable delay took place, because nickel
plate, till thoroughly understood, appeared to be capricious
in its behaviour, and the supply of armour was then being
pressed forward to meet the demands arising from the
increase in the British Navy. Nickel was, however, adopted
m 1896. As above mentioned, nickel used with judgment
imparts toughness to armour without interfering with face
hardening. Fig. 7 (see Plate) shows the front of a good
specimen of unhardened 6-inch Elrupp nickel plate after
attack by 12, 15, and 17 cm. (4*7, 5*9, and 6*7 inch)
guns. A fringed lip, characteristic of soft steel, rises up
round each shot hole, but no cracking is visible

;
the pro-

jectiles have rebounded from their holes owing to the
elasticity of plate and shot. This plate is the beau ideal
of armour for inland forts. Krupp had manufactured i

armour for some Kttle time, but fir^t became known as the
mventor of a special process at the World's Fair in Chicago
in 1893, where he exhibited a plate which had borne
very severe attack admirably. In 1895 a series of experi-

ments took place with Krupp process armour, in which
remarkable results were obtained, the most important beins
that shown in Fig. 8 (see Plate), which depicts the front
of a plate 11*8 inches thick after attack by three 12-inch
projectiles. These have broken, leaving their heads
lodged in the plate without cracking it. The highest
striking velocity was 1993 feet per second. The shot
weighed 712*7 tt>, and it would have perforated an iron
plate 25*9 inches thick. The remarkable feature is the
scale on which this success was achieved; for while a
12-inch plate may resist perforation by a 12-inch shot
nearly as well as a 6-inch plate resists that of a 6-inch
shot, the strain in the way of fracture greatly increases in
the thicker plate, for the width of the thick plate is often

not very much greater than that of the thin one. In these
trials the 12-inch plate was about 6 feet wide, and the
6-inch nearly 5 feet, so that while the 6-inch shot head
formed a wedge little more than one-tenth of the width
of the plate attacked, the 12-inch plate was attacked
with a wedge nearly one-sixth of its width. The figure

indeed shows what enormous wedges are driven into the

plate, and the excellence of metal bearing such a strain

is apparent. At the end of 1896 the three great Sheffield

armour-making firms, Brown, Cammell, and Vickers, pur-

chased Krupp's process. Fig. 9 (see Plate) shows an admir-

able 6-inch plate submitted by Vickers for trial in March
1897. ‘This entirely defeated the attack of six 6-inch

projectiles striking with a velocity of about 1960 feet

per second. All the armour at present made for the

British Navy is practically on the Krupp process,

although modifications may be introduced by each firm

based on their own experience. Messrs Beardmore in

Scotland have recently made armour by a process of

their own, of about the same quality as Harveyed
armour.

Excellent armour-piercing projectiles are made by
Elswick on the American Wheeler Sterling patent, and
Elswick and Firth have made large deliveries of shot

on Firminy's patent. Many years ago Whitworth steel

shot stood first in quality. Holtzer's subsequently

became best known, and have been used so universally

as to furnish a sort of standard of comparison. Krupp
makes excellent projectiles, so does the firm of St

Chamond. Carpenter shot in Aonerica are hardly in-

ferior to those of Wheeler Sterling, or’ to a notable shot

recently made by Johnson. The latter have probably

obtained the greatest known penetration, but as they

are generally made solid and fired with caps, comparison

with others is difficult. In England Hadfields deserve

special notice as having by special processes developed

admirable projectiles, and especially as having made cast

steel of a quality rivalling good forged steel. Lastly, the

Eoyal Laboratory has also made excellent armour-piercing

projectiles.

Before leaving the subject of the behaviour of armour

under fire, one or two rough rules of thumb, which are

based on calculation, may be given. The thickness of

wrought iron which a projectile may perforate is about

one calibre for each 1000 feet of striking velocity
;
that is

to say, a 6-inch shot with 2000 feet velocity may perforate

two calibres or 12 inches of iron, with 1500 feet it may
perforate 9 inches, and so on. The equivalent thickness

of the best steel plate now known is rather less than hah

that of wrought iron, so that a 6-inch shot will require

something over 2000 feet velocity to perforate 6 inches of

treated steel, while 1000 feet velocity will hardly carry it

through 3 inches.

Attempts have been made to destroy armour by shells

containing powder and high explosives, but hitherto it

may be said that unless the projectile gets its head well
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into the plate before explosion takes place, the effect is

small. Consequently only those shells whose calibre

considerably exceeds the thickness of the armour attacked

can be used with good effect, and the preponderance should

be greater with high explosives than with powder. In
consequence of the destructive effect of shells charged with
melinite and other high explosives on stone or earthworks,

armoured structures have been adopted for inland defences

on the Continent. These generally take the forms of

cupolas and shielded mountings, which may be fixed,

disappearing, or even portable. Fig. 10 shows a disappear-

ing shielded mounting. The gun is protected by a steel

armoured curved roof A, fixed on a central pillar Bd and
DE, on which the whole system revolves. The gun is

shown in action, the weight being held up by a counter-

weight G at the end of a lever Fh. The gun can be run

back inside the port, and the roof lowered to rest flush

with the ‘‘glacis plate” or “vorpanser” CH. When
thus taken out of action the gun is hardly open to attack

of any kind.

With regard to manufacture, the newest and most inter-

esting processes depend on delicate methods of treatment,

which are carefully kept secret, so that information of a

general character only can be given. Wrought iron is

formed from scrap worked into slabs, and piled and rolled

in so many successive processes that an 8-inch plate was
said to have been rolled out of a column nearly 100
feet high. Specially soft fibrous iron was used. It was
considered not only that great power of drawing out, but

of doing so easily was necessary, because some metal, which
might draw out well slowly, might tear in preference under

a blow. Steel has been used of all descriptions, from
something closely resembling wrought iron to really hard

metal. ^Molecular displacement occurs round the point of
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impact, and metal becomes heaped up and heated, and
cracking may take place many minutes after impact. In
Fig. 7 may be noticed round each point of impact a con-

centric circle of lighter shade than the rest of the plate,

which extends gradually, and has been likened to the

swelling of a black eye. Badly-made plates have been
known to break spontaneously, and steel shot have done
the same. Compound armour was made by running
molten steel on to a white hot foundation plate of rolled

wrought iron on Wilson’s process, or by attaching a thin

steel face plate to a wrought-iron foundation by running
molten steel in between them on Ellis’s process. In the

Harvey process the face is carbonized by contact with
carbon at a high temperature, kept up for several days, the

face being finally water-hardened. There is some difficulty

in bringing such plates to the exact curve required for the
ship’s side, because face hardening causes contortion. It

is possible to flatten a plate slightly by compressing the

hard face, but not to bend it further by stretching it.

Until recently, armour under 5 inches thick could not be
Harveyed, because contortion could not be controlled. In
the Krupp process carbonization may be produced by the

action of gas, but not necessarily so. Some of the stages

of manufacture require much experience, so that great

expense and waste of material are apt to be involved in

first adopting the process, especially with thick plates. It

is said that in this process metal is at times used which
would be expected to prove brittle, but which, after being
subjected to treatment that would be likely to render it

still worse, is eventually made very tough. Up to the

present it has probably owed some of its qualities to the

presence of nickel. It has been said that nickel would be
dispensed with, but such reports have hitherto been contra-

dicted, (c. O.-B.)

Armstrons:, William George Arm-
StrongTy Baron (1810-1900), British inventor and
founder of the Elswick manufacturing works, was born

on 26th November 1810, at Newcastle-on-Tyne, and
was educated at a school in Bishop Auckland. The
profession which he adopted was that of a solicitor,

and for a number of years he was engaged in active

practice in Newcastle as a member of the firm of Donkin,

Stable, & Armstrong. His sympathies, however, were

always with mechanical and scientific pursuits, and several

of his inventions date from a time anterior to his final

abandonment of the law. In 1840 he published a paper

on the electricity of effluent steam. This subject he

was led to study by the experience of a colliery engineman,

who noticed that he received a sharp shock on exposing

one hand to a jet of steam issuing from a boiler with

which his other hand was in contact, and the inquiry was
followed by the invention of the “ hydro-electric ” machine,

a powerful generator of electricity, which was thought

worthy of careful investigation by Faraday. The question

of the utilization of water-power had engaged his atten-

tion even earlier, and in 1838 he made his first contribu-

tion to hydraulic engineering by inventing a rotary water

motor. Soon afterwards he designed a hydraulic crane,

which contained the germ of aU the hydraulic machinery
for which he and Elswick were subsequently to become
famous. This machine depended simply on the pressure of

water acting directly in a cylinder on a piston, which was
connected with suitable multiplying gear. In the first

example, which was erected on the quay at Newcastle in

1846, the necessary pressure was obtained from the ordi-

nary water mains of the town
;
but the merits and advan-

tages of the device soon became widely appreciated, and a
demand arose for the erection of cranes in positions where
the pressureafforded bythe mainswas insufficient. Of course

pressure could always be obtained by the aid of special

reservoirs, but to build these was not always desirable, or

even practicable. The first way in which Armstrong
attempted to meet the difficulty was by the use of an air

vessel, but this did not prove very satisfactory in the few
cases in which it was tried. Hence, when in 1850 a
hydraulic installation was required for a new ferry station

at New Holland, on the Humber estuary, the absence of

water mains of any kind, coupled with the prohibitive cost

of a special reservoir owing to the character of the soil,

impelled him to invent a fresh piece of apparatus, the
“ accumulator,” which consists of a large cylinder contain-

ing a piston that can be loaded to give any desired pressure,

the water being pumped in below it by a steam-engine or

other prime mover. This simple device may be looked

upon as th^ crown of the hydraulic system, since by its

various modifications the installation of hydraulic power
became possible in almost any situation. In particular, it

was rendered practicable on board ship, and its applica-

tion to the manipulation of heavy naval guns and other

purposes on warships was not the least important of

Armstrong’s achievements.

The Elswick works were originally founded for the

manufacture of this hydraulic machinery, but it was not

long before they became the birthplace of a revolution in

gunmaking; indeed, could nothing more be placed to

Armstrong’s credit than their establishment, his name
would still be worthy of remembrance, for they have con-

tributed enormously to the progress of the world in the
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mecliaiiical arts, both of war and of peace. Modern artillery-

dates from about 1856, when Armstrong’s first gun made
its appearance. Of this weapon it may be affirmed that it

embodied all the essential features which distinguish the

ordnance of to-day from the cannon of the Middle Ages

—

it was built up of rings of metal shrunk upon an inner

steel barrel; it was loaded at the breech; it was rified; and

it threw, not a round ball, but an elongated projectile with

ogival head. Big guns, as Armstrong found them, were

really nothing more than blocks of metal bored with a
circular hole, their makers generally working on the

assumption that their strength was proportionate to the

thickness of the walls of the tube. But he saw that the

greatest resistance to bursting was not to be obtained

from a given weight of metal in this fashion, since the

inner portions of the material composing a cylinder, which

is subjected to high internal pressure, may be strained be-

yond the bursting-point before the outer ones have reached

it. Hence he adopted the “shrinkage” principle of

construction. Starting with a steel tube to form the

barrel, he made a homogeneous cylindrical jacket by
winding a bar of wrought-iron round a mandril slightly

smaller than the barrel, and welding the turns together.

This, when cold, was naturally too small to pass over the

barrel
;

it could, however, be slipped on if expanded by
heat, and, if it were then allowed to cool, its contraction

brought about a condition of compression in the metal

forming the inner layers of the gun, together with one of

tension in those composing the outer ones, which theory

indicated would offer the most advantageous disposition

of metal as regards resistance to bursting. The guns
which Armstrong constructed on this principle yielded

such excellent results, both in range and accuracy, that

they were adopted by the British Government in 1859, he
himself being appointed Engineer of Eifled Ordnance and
receiving the honour of knighthood. Great Britain thus
originated a principle of gun construction which has since

been universally followed, and obtained an armament
superior to that possessed by any other country at that

time. But while there was no doubt as to the shooting

capacities of these guns, defects in the breech mechanism
soon became equally patent, and in a few years caused

a reversion to muzzle-loading. Armstrong resigned his

position in 1863, and for seventeen years the Government’s
expert advisers remained faithful to the older method of

loading, refusing to see the improvements which experi-

ment and research at Elswick and elsewhere had during
that period produced in the mechanism and performance of
heavy guns. But at last Armstrong’s results became too
good to be ignored

; and the official eye being no longer
able to blink the fact that his long breech-loaders

possessed advantages unobtainable with the obsolete type
of muzzle-loaders, breech-loading guns were received back
into the service in 1880. It should be mentioned that the
use of steel wire for the construction of guns was also one
of Armstrong’s early ideas. He perceived that to coil

many turns of thin wire round an inner barrel was a
logical extension of the large hooped method already
mentioned, and in conjunction with Brunei, the engineer,
was preparing to put the plan to practical test when the
discovery that it had already been patented caused him
abandon his intention for many years. This incident well
illustrates the ground of his objection to the British
system of patent law, which he looked upon as calculated
to stifle invention and impede progress

; the patentees in
this case did not manage to make a practical success of their
invention themselves, but the existence of prior patents was
sufficient to turn him aside from a path which conducted him
to Valuable results, when afterwards, owing to the expiry of
those patents, he was free to pursue it as he pleased.

Lord Armstrong, who was raised to the peerage in

1887, was the author of A Visit to Egypt (1873) and
Electric Moveimni in Air and (1897), besides many
professional papers. He died on 27th December 1900 at
Eothbury, Northumberland. (h. m. r.)

Arnhem, the chief town of the province of

Gelderland, Netherlands, 9 miles N. by E. of

Nimeguen. Population, 31,626 in 1870, 56,812 in 1900.
This increase is due to the beautiful situation of the
town on the slope of the Yeluwe Hills, its proximity
to the fertile Betuwe district, the meeting of the Ehine
and Ysel near the town, and its flourishing markets and
shipping. A new Eoman Catholic Church was founded
in 1894; in 1880 a building to contain the archives was
erected, and in 1893 an hospital. The large assembly

hall (Musis Sacrumi) was rebuilt in 1889, and the gasworks

in 1892-93. A wharf for building and restoring iron

steamers was constructed on the Ebine in 1889.

Arnim, Harry Karl Kurt Eduard
von, Count (1824-1881), German diplomatist, was a

member of one of the most numerous and most widely

spread families of the Prussian nobility. He was born in

Pomerania on the 3rd of October 1824, and brought

up by his uncle Heniy von Arnim, who was Prussian

ambassador at Pans and foreign minister from March
to June 1848, while Count Arnim of Boytzenburg,

whose daughter Hariy von Ainim afterwaids married,

was minister-president. It is noticeable that the uncle

was brought before a court of justice and fined for

publishing a pamphlet directed against the ministry of

Manteuffel. After holding other posts in the diplomatic

service Arnim was in 1864 appointed Prussian envoy, and

in 1867 envoy of the North German Confedeiation at the

Papal Court. In 1869 he proposed that the Governments

should appoint representatives to be present at the Vatican

Congress, a suggestion which was rejected by Bismarck,

and foretold that the promulgation of papal infallibility

would bring serious political difficulties. After the recall

of the French tioops from Eome he attempted unsuccess-

fully to mediate between the pope and the Italian Govern-

ment. He was appointed in 1871 German commissioner

to arrange the final treaty with France, a task which he

carried out with such success that in 1871 he was appointed

German envoy at Paris, and in 1872 received his definite

appointment as ambassador, a post of the greatest difficulty

and responsibility. Differences soon arose between him and

Bismarck; he wished to support the Monarchical party

which was trying to overthrow Thiers, while Bismarck

ordered him to stand aloof from all French parties ;
he did

not give that implicit obedience to his instructions which

Bismarck required. Bismarck, however, was unable to re-

call him because of the great influence which he enjoyed

at court and the confidence which the emperor placed in

him. He was looked upon by the Conservative party, who

were trying to overthrow Bismarck, as his successor, and

it is said that he was closely connected with the court

intrigues against the chancellor. In the beginning of

1874 he was recalled and appointed to the embassy at

Constantinople, but this appointment was immediately

revoked. A Vienna newspaper published some corre-

spondence on the Vatican council including confidential

despatches of Arnim’s, with the object of showing that he

had shown greater foresight than Bismarck. It was then

found that a considerable number of papers were missing

from the Paris embassy, and on 4th October Arnim was

arrested on the charge of embezzling state papers. This

recourse to the criminal law against a man of his rank,

who had held one of the most important diplomatic posts,

caused great astonishment. His defence was that the
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papers were not official, and he was acquitted on the charge

of embezzlement but convicted of undue delay in restoring

official papers and condemned to three months’ imprison-

ment. On appeal the sentence was increased to nine

months. Arnim avoided imprisonment by leaving the

country, and in 1875 published anonymously a pamphlet
entitled “ Pro Nihilo,” in which he attempted to show
that the attack on him was caused by Bismarck’s personal

jealousy. For this he was accused of treason, insult to

the emperor, and libelling Bismarck, and in his absence

condemned to five years’ penal servitude. From his exile

in Austria he published two more pamphlets on the

ecclesiastical policy of Prussia, “Der Nuntius Kommt,”
and “Quid faciamus nos?” He made repeated attempts,

which were supported by his family, to be allowed to

return to Germany in order to take his trial afresh on the

charge of treason • his request had just been granted when
he died on the 19th of May 1881.

In 1876 Bismarck carried an amendment to the criminal

code making it an offence punishable with imprisonment

or a fine up to £250 for an official of the Foreign Office

to communicate to others official documents, or for an
envoy to act contrary to his instructions. These clauses

are commonly spoken of in Germany as the “Armm
liaragiaphs.” (j. w. He)

Arnold, Sir Edwin, (1832 ), British poet,

orientalist, and man of letters, was born on 10th June 1832
and educated at King’s College, London, and University

College, Oxford, where in 1852 he gained the Kewdigate
prize for a poem on Belshazzar’s Feast, He spent some
years in India as principal of the Government Sanscrit

College, Poona, and upon his return in 1861 became
connected with the Daily Telegraph newspaper, upon
whose editorial staff he has ever since held an important

position. He is nevertheless best known for his travels

in India and Japan, and his endeavours to introduce

Eastern thought to Europeans by a succession of works in

prose and verse on Oriental subjects, both original and
translated. The best known of these. The Light of Asia,

an epical poem on the life and teaching of Buddha, entirely

derived from native sources, has gone through more than

sixty English and eighty American editions since its first

publication in 1879. His other principal volumes of

poetry are With Sa^di in the Gcurden, The Light of the

World, Potiphar^s Wife, Adzwnm. In 1877, on the pro-

clamation of Queen Victoria as Empress of India, the

Companionship of the Star of* India was conferred upon
him

]
and in 1888 he was created K.C.I.E.

Arnold, Matthew (1822-1888), English poet,

literary critic, and inspector of schools, was born at Lale-

ham, near Staines, 24th December 1822. When it is said

that he was the son of the famous Dr Arnold of Rugby,
and that Winchester, Rugby, and Balliol College, Oxford,

contributed their best towards his education, it seems

superfluous to add that, in estimating Matthew Arnold
and his work, training no less than original endowment
has to be considered. A full academic training has its

disadvantages as well as its gains. In the individual no
less than in the species the history of man’s development

is the history of the struggle between the impulse to ex-

press original personal force and the impulse to make
that force bow to the authority of custom. Where in any
individual the first of these impulses is stronger than

usual, a complete academic training is a gain
;
but where

the second of these impulses is the dominant one, the

effect of the academic habit upon the mind at its most
sensitive and most plastic period is apt to be crippling.

In regard to Matthew Arnold, it would be a bold critic of

his life an^ his writings who should attempt to say what

his work would have been if his training had been different.

In his judgments on Goethe, Wordsworth, Byron, Shelley,

and Hugo, it may be seen how strong was his impulse
to bow to authority. On the other hand, in Arnold’s

ingenious reasoning away the conception of Providence to

“a stream of tendency not ourselves which makes for

righteousness,” we see how strong was his natural impulse
for taking original views. The fact that the veiy air

Arnold breathed during the whole of the impressionable

period of his life was academic is therefore a very im-

portant fact to bear in mind.
In one of his own most charming critical essays he con-

trasts the poetry of Homer, which consists of “natural
thoughts in natural words,” with the poetry of Tennyson,
which consists of “ distilled thoughts in distilled words.”

IVlATiHEW Arnold
(From a, photogy aph by Elliott and Fry, London )

“ Distilled ” is one of the happiest words to be found in

poetical criticism, and it may be used with equal aptitude

in the criticism of life. To most people the waters of life

come with all their natural qualities—sweet or bitter

—

undistilled. Only the ordinary conditions of civilization,

common to all, flavoured the waters of life to Shakespeare,

to Cervantes, to Burns, to Scott, to Dumas, and those

other great creators whose minds were mirrors—broad

and clear—for reflecting the rich drama of life around
them. To Arnold the waters of life came distilled so care-

fully that the wonder is that he had any originality left.

A member of the upper stratum of that “middle class”

which he despised, or pretended to despise—the eldest son

of one of the most accomplished as well as one of the most
noble-tempered men of his time—Arnold from the moment
of his birth drank the finest distilled waters that can be

drunk even in these days. Perhaps, on the whole, the

surprising thing is how little he suffered thereby. Indeed

those who had formed an idea of Arnold’s personality

from their knowledge of his “culture,” and especially

those who had been delighted by the fastidious and

feminine delicacy of his prose style, used to be quite

bewildered when for the first time they met him at a

dinner-table or in a friend’s smoking-room. His prose

was so self-conscious that what people expected to find in

the writer was the Arnold as he was conceived by certain

“young lions” of journalism whom he satirized—^a some-

j

what ovet-cxdtuxedpetit-mattre—almost, indeed, a coxcomb

1

of letters. On the other hand, those who had been
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captured by his poetry expected to find a man. whose

sensitive organism responded nervously to every uttered

word as an iEolian harp answers to the faintest breeze.

What they found was a broad-shouldered, manly—almost

burly—Englishman with a fine countenance, bronzed by

the open air of England, wrinkled apparently by the sun,

wind-worn as an English skipper^s, open and frank as a

fox-hunting squire's—and yet a countenance whose finely

chiselled features were as high-bred and as commanding

as Wellington’s or Sir Charles Napier's. The voice they

heard was deep-toned, fearless, rich, and frank, and yet

modulated to express every nvmice of thought, every

movement of emotion and humour. In his prose essays the

humour he showed was of a somewhat thin-lipped kind

;

in his more important poems he showed none at all. It was

here, in this matter of humour, that Arnold's writings were

specially misleading as to the personality of the man.

Judged from his poems, it was not with a poet like the

writer of “The Northern Farmer,” or a poet like the

writer of “Ned Bratts,” that any student of poetry would

have dreamed of classing him. Such a student would

actually have been more likely to class him with two

of his contemporaries between whom and himself there

were but few points in common, the “humourless”'

William Morris and the “humourless” Eossetti. For,

singularly enough, between him and them there was this

one point of resemblance: whde all three were richly

endowed with humour, while all three were the very

lights of the sets in which they moved, the moment they

took pen in hand to write poetry they became sad. It

would almost seem as if, like Eossetti, Arnold actually

held that poetry was not the proper medium for humour.

No wonder, then, if the absence of humour in his poetry

did much to mislead the student of his work as to the

real character of the man.

After a year at Winchester, Matthew Arnold entered

Eugby School in 1837. He early began to write and

print verses. His first publication -was a Eugby prize

poem, Alaric at Rome, in 1840. This was followed in

1843, after he had gone up to Oxford in 1840 as a

scholar of Balliol, by his poem Cromwell^ which won the

Newdigate prize. In 1844 he graduated with second-

class honours, and in 1845 was elected a fellow of Oriel

College, where among his colleagues was A. H. Clough, hds

friendship with whom is commemorated in that exquisite

elegy Thyrsis. From 1847 to 1851 he acted as private

secretary to Lord Lansdowne; and in the latter year,

after acting for a short time as assistant- master at

Eugby, he was appointed to an Inspectorship of Schools,

a post which he retained until two years before his death.

He married, in June 1851, the daughter of Mr Justice

Wightman. Meanwhile, in 1848, appeared The Strayed

RevelleTy and other FoemSy hy A, a volume which gained

a. considerable esoteric reputation. In 1852 he pub-

lished another volume under the same initial, Empedocles

on Etna—as undramatic a poem, perhaps, as was ever

written in dramatic form, but studded with lyrical beauties

of a very high order. Other poems accompanied this.

In 1853 Arnold published a volume under his own name.

This consisted partially of poems selected from the two
previous volumes. A, second series of poems was pub-

lished in 1855. So great was the impression made by
these in academic circles that in 1857 Arnold was elected

professor of poetry at Oxford, and he held the chair for

ten years. In 1858 he published his classical tragedy,

Merope, Nine years afterwards his New Foems were
published. While he held the Oxford professorship he
published several series of lectures, which gave him a high
place as a scholar and critic. The essays On Translating
Homer

y

published in 1861, and On the Study of Celtic

OLD
Literature, published in 1867, were full of subtle and
brilliant if not of profound criticism. So were the two
series of Essays in Criticism, the first of which appeared
in 1865, and the second, edited by Lord Coleridge, in

1888. His poetic activity almost ceased after he left the

chair of poetry at Oxford. He was several times sent by
Government to make inquiries into the state of education

in France, Germany, Holland, and other countries; and
his reports, with their thorough - going and searching

criticism of Continental methods, as contrasted with
English methods, showed how conscientiously he had
devoted some of his best energies to the work.^ In 1883

1 The following appreciation of Arnold’s educational work is

kindly contributed by Sir Joshua Fitch, one of his colleagues in the

Education Office :— ,

The fame of Matthew Arnold as a poet and a literary critic has some-
what overshadowed the fact that he was during thirty-five years of his.

life—from 1851 to 1886—employed in the Education Department as

one of H.M. Inspectors of Schools. His literary work was achieved in

such intervals of leisure as could be spared from the public service. At
the time of his appointment the Government, by arrangement with the

religions bodies, entrusted the inspection of schools connected with the

Church of England to clergymen, and agreed also to send Roman
Catholic inspectors to schools managed by members of that communion
Other schools—those of the British and Foreign Society, theWesleyans,

and undenominational schools generally—were inspected by laymen, of
whom Arnold was one. There were only three or four of these officers*

at first, and their districts were necessarily large. It is to the experi-

ence gained in intercourse with Nonconformist school managers that

we may attribute the curiously intimate knowledge of religious sects,

which furnished the material for some of his keen though good-hum-
oured sarcasms. The Education Act of 1870, which simplified the

administrative system, abolished denominational inspection, and thus

greatly reduced the area assigned to a single inspector. Arnold took

charge of the district of Westminster, and remained in that office until

his resignation, taking also an occasional share in the inspection of

training colleges for teachers, and in conferences at the central office.

His letters, passim, show that some of the routine which devolved

upon him was distasteful, and that he was glad to entrust to a skilled

assistant much of the duty of individual examination and the making

up of schedules and returns. But the influence he exerted on schools,,

on the Department, and on the primary education of the whole coun-

try, was indirectly far greater than is generally supposed. His annual

reports, of which more than twenty were collected into a volume

by his friend and official chief, Sir Francis (afterwards Lord)

Sandford, attracted, by reason of their freshness of style and thought,

much more of public attention than is usually accorded to Blue-

book literature
;
and his high aims, and his sympathetic appreciation of

the efforts and difficulties of the teachers, had a remarkable effect in

raising the tone of elementary education, and in indicating the way to

improvement. In particular, he insisted on the formative elements of

school education, on literature and the “humanities,” as distinguished

from the collection of scraps of information and “ useful knowledge ”
;

and he sought to impress all the young teachers with the necessity of

broader mental cultivation thauVas absolutely required to obtaiit

the Government certificate. In his reports also he dwelt often and

forcibly on the place which the study of the Bible, not the distinctive

formularies of the churches, ought to hold in English schools. He
urged that besides the religious and moral purpose of Scriptural teach-

ing, it had a literary value of its own, and was the best iustrunifeut

in the hands even of the elementary teacher for uplifting the soul and

refining and enlarging the thoughts of young children.

On three occasions Arnold was asked to assist the Government by

making special inquiries into the state of education in foreign coun-

tries. These duties were especially welcome to him, serving as they

did as a relief from the monotony of school inspection at home, and

as opportunities for taking a wider survey of the whole subject of

education, and for expressing his views on principles and national

aims as well as administrative details. In 1859 he prepared for the-

Duke of Newcastle’s Commission a report which was afterwards re-

printed in a volume entitled Popular Mducation in France, with Notes

of that of Solland and S\oitmiand» In 1865 he was again employed

as assistant-commissioner by the Schools Inquiry Commission under

Lord Taunton ; and his report on this subject was subsequently re-

printed under the title Schools and Universities on the Gontment

Twenty years later he was sent by the Education Department to make

special inquiries on certain specified points

—

e.g, free education, the

status and training of teachers, and compulsory attendance at schools.

The result of this investigation appeared as a parliamentary paper in

1886. He also contributed the cha])ter on “ Schools ” to the second

volume of Mr Humphry Ward’s Reign of Queen Victoria. -

All these reports form substantial contributions to the history ana

literature of education in the Victorian age. They have been quoted
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41 pension of £250 was conferred on Mm in recognition of

his literary merits. In the same year he went to the
United States on a lecturing tour, and again in 1886, his

subjects being “Emerson” and the “ Principles andYalue of

Numbers. ” The success of these lectures, though they were
admirable in matter and form, was marred by the lecturer’s

lack of experience in delivery. It is sufficient, further, to

say that Culture and Anarchy appeared in 1869; St Paul
<ind Protestantism^ 1870; Friendship's Garland^ 1871;
Literature and Dogma^ 1873; God and the Bihle^ 1875;
Last Essays on Church andFehellion^ 1877 ;

Mixed Essays^

1879; Irish Essays^ 1882; and Discourses on America,
1885. Such essays as the first of these, embodying
as they did Arnold’s views of theological and polemical
subjects, attracted much attention at the time of their

publication, owing to the state of the intellectual atmo-
sphere at the moment

;
but it is doubtful, perhaps, whether

they will be greatly considered in the near future. Many
.severe things have been said, and will be said, concerning

the inadequacy of poets like Coleridge and Wordsworth
when confronting subjects of a theological or philosophical

kind. Wordsworth’s High Church Pantheism and Cole-

ridge’s disquisitions on the Logos seem farther removed
from the speculations of to-day than do the dreams of

Lucretius, But these two great writers lived before the

days of modern science. Arnold, living only a few years

later, came at a transition period when the winds of

tyrannous knowledge had blown off the protecting roof

that had covered the centuries before, but when time and
much labour were needed to build another roof of new
materials—a period when it was impossible for the poet

to enjoy either the quietism of High Church Pantheism
in which Wordsworth had basked, or the sheltering pro-

tection of German metaphysics under wMch Coleridge had
preached—^a period, nevertheless, when the wonderful reve-

lations of science were still too raw, too cold and hard, to

satisfy the yearnings of the poetic soul. Objectionable as

Arnold’s rationalizing criticism was to contemporary ortho-

doxy, and questionaMe as was his equipment in point of

theological learning, his spirituality of outlook and ethical

XDurpose were not to be denied. Tet it is not Arnold’s

views that have become current coin so much as Ms literary

X^hrases—his craving for culture” and “sweetness and
light,” his contempt for “ the dissidence of Dissent and the

Protestantism of the Protestant rehgion,” his “stream of

tendency not ourselves making for righteousness,” Ms
classification of “ Philistines and barbarians ”—^and so forth.

His death, at Liverpool, of heart failure, 15th April 1888,
was sudden and quite unexpected.

Arnold was a prominent figure in that great galaxy of

Yictorian poets who were working simultaneously—Tenny-
son, Browning, Eossetti, William Morris and Mr Swin-

burne—^poets between whom there was at least this con-

necting link, that the quest of all of them was the old-

fashioned poetical quest of the beautiful. Beauty was
their watchword, as it had been the watchword of their

often, and have exercised marked influence on subsequent changes
and controversies. One great purpose underlies them all. It is to

bring home to the English people a conviction that education ought
to be a national concern, that it should not be left entirely to local,

or private, or irresponsible initiative, that the watchful jealousy so

long shown by Liberals, and especially by Nonconformists, in regard
to State action was a grave practical mistake, and that in an enlight-

ened democracy, animated by a progressive spirit and noble and
generous ideals, it was the part of wisdom to invoke the collective

power of the State to give eifect to those ideals. To this theme he
constantly recurred in his essays, articles, and oflScial reports. “ Porro
wmm est necmariwn. One thing is needful

;
organize your secondary

education.” This is an object not yet fully attained ;
but the influ-

ence of his stimulating appeals to the intelligence and conscience of

his countrymen, and the practical value of many of his detailed sug-

gestions, are likely to be more and more fully recognized.
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immediate predecessors—Wordswortb, Coleridge, Keats,

Sbelley, and Byron. That this group of early 1 9tli

century poets might be divided into two—those whose
primary quest was physical beauty, and those whose
primary quest was moral beauty—is no doubt true. Still,

in so far as beauty was their quest they were all akin.

And so with the Victorian group to which Arnold
belonged. As to the position which he takes among them
opinions must necessarily vary. On the whole, our opinion

is that Ms place in the group will be below all the

others. The question as to whether he was primarily a
poet or a prosateur has been often asked. If we were
to try to answer that question here, we should have to

examine Ms poetry in detail—we should have to inquire

whether his primary impulse of expression was to seize

upon the innate suggestive power of words, or whether
his primary impulse was to rely upon the logical power of

the sentence. In nobility of temper, in clearness of state-

ment, and especially in descriptive power, he is beyond
praise. But intellect, judgment, culture, and study of

great poets may do much towards enabling a prose-writer

to write what must needs be called good poetry. What
they cannot enable him to do is to produce those magical
effects which poets of the rarer kind can achieve by seizing

that mysterious, suggestive power of words which is far

beyond all mere statement. Notwithstanding the exquisite

work that Arnold has left beMnd him, some critics have
come to the conclusion that his primary impulse in expres-

sion was that of the poetically-minded prosateur rather

than that of the born poet. Ajid this has been said by
some who nevertheless deeply admire poems like “The
Scholar Gypsy,” “Thyrsis,” “The Forsaken Merman,”
“Dover Beach,” “Heine’s Grave,” “Eugby Chapel,” “The
Grande Chartreuse,” “ Sohrab and Eustum,” “ The Sick

King in Bokhara,” “ Tristram and Iseult,” <&c. We need
not go nearly so far as that. But it would seem that a
man may show all the endowments of a poet save one,

and that one the most essential—the instinctive mastery
over metrical effects.

In all literary expression there are two kinds of em-
phasis, the emphasis of sound and the emphasis of sense.

Indeed the difference between those who have and those

who have not the true rhythmic instinct is that, while the

former have the innate faculty of making the emphasis of

sonnd and the emphasis of sense meet and strengthen each

other, the latter are without that faculty. But so imper-

fect is the human mind that it can rarely apprehend or

grasp simultaneously these two kinds of emphasis. While
to the horn prosateur the emphasis of sense comes first, and
refuses to be more than partially conditioned by the em-
phasis of sound, to the born poet the emphasis of sound

comes first, and sometimes will, even as in the case of

Shelley, revolt against the tyranny of the emphasis of sense.

Perhaps the very origin of the old quantitative metres

was the desire to make these two kinds of emphasis meet
in the same syllable. In manipulating their quantita-

tive metrical system the Greeks had facilities for bring-

ing one kind of emphasis into harmony with the other

such as are unknown to writers in accentuated metres.

This accounts for the measureless superiority of Greek

poetry in verbal melody as well as in general harmonic

scheme to all the poetry of the modern world. In writers

so diverse in many ways as Homer, ^Eschylus, Sophocles,

Pindar, Sappho, the harmony between the emphasis of

sound and the emphasis of sense is so complete that each

of these kinds of emphasis seems always begetting, yet

always bom of the other. When in Europe the quantita-

tive measures were superseded by the accentuated measures

a reminiscence was naturally and inevitably left behind

of the old system
;
and the result has been, in the English
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language at least, that no really great line can be written

in which the emphasis of accent, the emphasis of quantity,

and the emphasis of sense, do not meet on the same

syllable. Whenever this junction does not take place the

weaker line, or lines, are always introduced, not for make-

shift purposes, but for variety, as in the finest lines of

Milton and Wordsworth. Wordsworth no doubt seems

to have had a theory that the accent of certain words,

such as “without,'’ “within,” <fec., could be disturbed in

an iambic line
;
but in his best work he does not act upon

his theory, and endeavours most successfully to make the

emphasis of accent, of quantity, and of sense meet. It

might not be well for a poem to contain an entire sequence

of such perfect lines as

“ I thought of Chatterton, the marvellous boy,”

or
“Thy soul was like a star and dwelt apart,

'

for then the metricist’s art would declare itself too loudly

and weaken the imaginative strength of the picture. But
such lines should no doubt form the basis of the poem,

and weaker lines—^lines in which there is no such com-

bination of the three kinds of emphasis— should be

sparingly used, and never used for make-shift purposes.

Now, neither by instinct nor by critical study was Arnold

ever able to apprehend this law of prosody. If he does

write a line of the first order, metrically speaking, he

seems to do so by accident. Such weak lines as these are

constantly occurring

—

“The poet, to whose mighty heart

Heaven doth a quicker pulse impait,

Subdues that energy to scan

Hot his own course, but that of man,”

Much has been said about what is called the “ Greek
temper ” of Matthew Arnold’s muse. A good deal depends

upon what is meant by the Hellenic spirit. But if the Greek
temper expresses itself, as is generally supposed, in the

sweet acceptance and melodious utterance of the beauty of

the world as it is, accepting that beauty without inquiring

as to what it means and as to whither it goes, it is difficult

to see where in Arnold’s poetry this temper declares itself.

Surely it is not in Empedocles on Etna, and surely it

is not in Merope, If there is a poem of his in which
one would expect to find the joyous acceptance of life

apart from questionings about the civilization in which
the poet finds himself environed (its hopes, its fears,

its aspirations, and its failures)—such questionings, in

short, as were for ever vexing Arnold’s soul—it would
be in “The Scholar Gypsy,” a poem in which the poet

tries to throw himself into the mood of a “Romany
Rye.” The great attraction of the gypsies to Englishmen
of a certain temperament is that they alone seem to feel

the joyous acceptance of life which is supposed to be
specially Greek, Hence it would have been but reason-

able to look, if anywhere, for the expression of Arnold’s

Greek temper in a poem which sets out to describe the
feelings of the student who, according to Glanville’s story,

left Oxford to wander over England with the Romanies.
But instead of this we get the old fretting about the

unsatisfactoriness of modern civilization. Glanville’s Ox-
ford student, whose story is glanced at now and again in

the poem, flits about in the scenery like a cloud-shadow
on the grass

;
but the way in which Arnold contrives to

avoid giving us the faintest idea either dramatic or pictorial

of the student about whom he talks so much, and about
the' gypsies with whom the student lived, is one of the
most singular feats in poetry. The reflections which come
to a young Oxonian lying on the grass and longing to
escape life’s fitful fever without shuffling off this mortal
coil are, no doubt, beautiful reflections beautifully ex-

pressed, but the temper they show is the very opposite of
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the Greek. To say this is not in the least to disparage
Arnold. “ A man is more like the age in which he lives

”

says the Chinese aphorism, “ than he is like his ovm
father and mother,” and Arnold’s polemical writings alone
are sufficient to show that the waters of life he drank
were from fountains distilled, seven times distilled, at the
topmost slope of 19th-century civilization. Mr George
Meredith’s “Old Chartist” exhibits far more of the temper
of acceptance than does any poem by Matthew Arnold.

His most famous critical dictum is that poetry is a
“criticism of life.” What he seems to have meant is that
poetry is the crowning fruit of a criticism of life; that
just as the poet’s metrical effects are and must be the
result bf a thousand semi-conscious generalizations upon
the laws of cause and effect in metric art, so the beautiful
things he says about life and the beautiful pictures he
paints of life are the result of his generalizations upon life

as he passes through it, and consequently that the value
of his poetry consists in the beauty and the truth of his

generalizations. But this is saying no more than is said

in the line

—

“ Rien n’est beau qiie le vrai
; le vrai seul est aimable

or in the still more famous lines

—

“
‘ Beauty is trutli, truth beauty,’—that is all

Ye know on earth, and all ye need to know,”

To suppose that Arnold confounded the poet with the

writer of pensees would be absurd. Yet, having decided
that poetry consists of generalizations on human life, in

reading poetry he kept on the watch for those generaliza-

tions, and at last seemed to think that the less and not

the more they are hidden behind the dramatic action, and
the more unmistakably they are intruded as generaliza-

tions, the better. For instance, in one of his essays he
quotes those lines from the “Chanson de Roland” of

Turoldus, where Roland, mortally wounded, lays himself

down under a pine-tree with his face turned towards Spain
and the enemy, and begins to “ call many things to re-

membrance
;

all the lands which his valour conquered, and
pleasant France, and the men of his lineage, and Charle-

magne, his liege lord, who nourished him ”

—

“De plusurs choses h, reniembier li piist,

De tantes teres cume li bers cunquist,
De dulce France, des humes de sun ligu,

De Carlemagne sun seignor ki Tnuriit.”

“That,” says Arnold, “is primitive work, I repeat,

with an undeniable poetic quality of its own. It deserves

much praise, and such praise is sufficient for it.” Then he

contrasts it with a famous passage in Homer—that same
passage which has been quoted in the Encyclopcedia

Britannica (see Art. Poetey, vol. xix.) for the very

opposite purpose to that of Arnold’s—quoted indeed to

show how the epic poet, leaving the dramatic action to

act as chorus, weakens the aTrarr] of the picture—the

passage in the Iliad (iii. 243-4) where the poet, after

Helen’s pathetic mention of her brother’s comments on

the causes of their absence, “criticizes life” and gener-

alizes upon the impotence of human intelligence, the

impotence even of human love, to pierce the darkness in

winch the web of human fate is woven. He appends Dr

Hawtrey’s translation :

—

fis <f>6.ro' roi>s 5* Kdr^ev (fivuLtoos ala

€V AaKcdaifiovi addi, iv irarpldi yalTj.

“So said she ; they long since in Earth’s soft arms were reposing

There, in their own dear land, their fatherland, Lacedaemon.”

“We are here,” says Arnold, “in another world, another

order of poetry altogether
;

here is rightly due such

supreme praise as that which M. Vitel gives to the

Chanson de Boland, If our words are to have any
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meaning, if our judgments are to liave any solidity, we
must not heap that supreme praise upon poetry of an
order immeasurably inferior/’ He does not see that the

two passages cannot properly be compared at all. In the

one case the poet gives us a dramatic picture; in the

other, a comment on a dramatic picture.

Perhaps, indeed, the place Arnold held and still holds

as a critic is due more to his exquisite felicity in express-

ing his views than to the penetration of his criticism.

Nothing can exceed the easy grace of his prose at the best.

It is conversational and yet absolutely exact in the struc-

ture of the sentences
;
and in spite of every vagary, his

distinguishing note is urbanity. Keen-edged as his satire

could be, his writing for the most part is as urbane as

Addison’s own. His influence on contemporary criticism

and contemporary ideals was considerable, and generally

wholesome. His insistence on the necessity of looking

at “the thing in itself,” and the need for acquainting

oneself with “ the best that has been thought and said in

the world,” gave a new stimulus alike to originality and
industry in criticism

;
and in his own selection of subjects

—such as Jouher% or the de Gmrins—he opened a new
world to a larger class of the better sort of readers,

exercising in this respect an awakening influence in his

own time akin to that of Walter Pater a few years after-

wards. The comparison with Pater might indeed be pressed

further, and yet too far. Both were essentially products

of Oxford. But Arnold, whose description of that “ home
of lost causes, and forsaken beliefs, and unpopular names,

and impossible loyalties,” is in itself almost a poem, had
a classical austerity in his style that savoured more inti-

mately of Oxford tradition, and an ethical earnestness

even in his most flippant moments which kept him not-

ably aloof from the more sensuous school of sesthetics.

(t. w.-d.)

Amsta.dt| a town and watering-place of Germany,
in the principality of Schwarzburg-Sondershausen, 14

miles by rail S.S.W. from Erfurt, on the river Gera. The
church of Our Lady was restored in 1884-86. Its manu-
factures embrace gloves, shoes, iron safes, confectionery,

and especially beer and market-gardening. Arnstadt

possesses an industrial school, and is much frequented in

summer for its saline and other baths. It dates back to

the 8th century. Population (1885), 11,537; (1895),

13,595
; (1900), 14,413.

ArqueSi a town and railway station, arrondissement

of St Omer, department of Pas-de-Calais, France, 37 miles

in direct line N.W. of Arras. Near Arques, on the Canal
de Neuffoss4s, is the Ascenseur des Fontinettes, a great

hydraulic lift, completed in 1888, by which canal boats

are enabled to avoid the series of locks constructed on the

slope of the Fontinettes hill, to connect the Neuflbsses

with the Aa, at a difference of level of about 40 feet.

Population, (1881), 2105; (1891), 1972; (1896), 2216,
(comm.) 4355.

Arira,h, a town of British India, headquarters of

Shahabad district, in the Patna division of Bengal,

situated on a navigable canal connecting the river Sone
with the Ganges. It is a station on the East Indian

railway, 368 miles from Calcutta. In 1891 the popula-

tion was 46,905, It has a high school with over 400
pupils. Arrah is famous for an incident in the Mutiny,
when a dozen Englishmen, with 50 Sikhs, defended an
ordinary house against an army of many thousand

insurgents. A British regiment, despatched to their

assistance from Dinapur, was disastrously repulsed; but
they were ultimately relieved, after eight days’ continu-

ous fighting, by a small force under Major (Sir Vincent)

Eyre.
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Arra.n, an island of Buteshire, Scotland, situated

in the Firth of Clyde. The area is 165 square miles.

Agriculture and the entertainment of summer visitors are
the principal industries, and herrings, haddocks, whitings,

and lobsters are fished
;
in 1898 there were 39 boats in

the island, manned by seventy-three fishermen, and the
value of the catch was ^£1220. There is an extensive
steamer service connecting with the Caledonian and
Glasgow and South-Western railways. Many improve-
ments have been carried out in the principal villages, and
Lamlash, in particular, has been largely extended. Popu-
lation (1901), 4779.

AtrSLSf chief town of department Pas-de-Calais,

France, 109 miles N.N.E. of Paris, on railway from Paris

to Dunkirk and Boulogne. Amongst public buildings to

be noted are the restored HOtel de Ville, the H6pital St
Jean, and the railway station. The last-named stands at

one end of a fine thoroughfare, in the new quarter formed
since the demolition of the fortifications. There are new
boulevards, and statues of Vauban and of the Abbe
Halluin (d. 1895). The manufactuie of oils, especially

poppy oil, and artistic and other metallurgical work, are

now the leading industries, while textile manufactures
are represented chiefly by hosiery. Population (1876),

21,689, (comm.) 21,689; (1886), 21,492 ; (1896), 20,599,
(comm.) 21,086; (1901), 25,813.

Arras^. See Eritrea.

Art Gcilleries.—^An art gallery epitomizes so many
phases of human thought and imagination that it connotes

much more than a mere collection of paintings. In its

technical and sesthetic aspect the gallery shows the treat-

ment of colour, form, and composition. In its historical

aspect we find the true portraits of great men of the past

;

we can observe their habits of life, their manners, their

dress, the architecture of their times, and the religious

worship of the period in which they lived. Begarded
collectively, the art of a country epitomizes the whole
development of the people that produced it. Most im]3ort-

ant of all is the emotional aspect of painting, which must
enter less or more into every picture worthy of notice.

To take examples from the British National Gallery

:

Pathos in its most intense degree will be found in Francia’s
“ Pietk”

;
dignity in Velasquez’ portrait of Admiral Pareja;

homeliness in Van Eyck’s portrait of Jan Arnolfini and his

wife
;
the interpretation of the varying moods of nature

in the work of Turner or Hobbema
;
nothing can be more

devotional than the canvases of BeUini or his Umbrian
contemporaries. So also the ruling sentiments of man-
kind—mysticism, drama, and imagination are the key-

notes of other great conceptions of the artist. All this

may be at the command of those who visit the art gallery

;

but without patience, care, and study the higher meaning
will be lost to the spectator. The picture which “ tells its

own story ” is often the least didactic, for it has no inner

or deeper lesson to reveal
;

it gives no stimulus or training

to the eye, quick as that organ may be—Begnim irritant

animos—to translate sight into thought. In brief, the

painter asks that his may be shared as much as pos-

sible by the man who looks at the painting—the art above

all others in which it is most needful to share the master’s

spirit if his work is to be fully appreciated. So, too, the

art gallery, recalling the gentler associations of the past

amidst surroundings of harmonious beauty and its attend-

ant sense of comfort, is essentially a place of rest for

the mind and eye. In the more famous galleries where

the wealth of paintings allows a grouping of pictures

according to their respective schools, one may choose the

country, the epoch, the style, or even the emotion best

suited to one’s taste. According to this theory, though
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imperfectly realized owing to the paucity of examples, the

philosophic influence of art galleries is becoming more

widely extended
;
and in its further development will be

found an ever-growing source of interest, instruction, and

scholarship to the community. The most suitable method

of describing art galleries is to classify them by their

types and contents, rather than by the various countries to

which they belong. Thus the great representative galleries

of the world which possess works of every school are

grouped together, followed by State galleries which are

not remarkable for more than one school of national art.

Municipal galleries are divided into those which have

general collections, and those which are notable for special

collections. Churches which have good paintings, together

with those which are now secularized, are treated separ-

ately; while the collections in the Vatican and private

houses are described together. The remaining galleries,

such as the Salon or the Boyal Academy, are periodical or

commercial in character, and are important in the develop-

ment of modem art.

The collections most worthy of attention are the

State galleries representative of international schools.

Their number is restricted, not more than a

dozen being in the very first rank. Among ^ai/eries of

these the British National Gallery holds a high inter-

place. Though the collection is small and ^^tionai

modern, having been founded in 1824 by the

acquisition of the Angerstein pictures, it is among the

most representative of State galleries. Its accessions are

governed by the parliamentary grant of £5000 to £10,000

a year, a sum which has occasionally been enlarged to

permit special purchases. Thus, in 1871, the Peel collec-

tion of seventy-seven pictures was bought for £75,000,

and in 1885 the Ansidei Madonna (Baffaelle) and Van
Dyck’s portrait of Charles I. were bought, the one for

£70,000 and the other for £17,500. In 1890 the Govern-

ment gave £25,000 to meet a gift of £30,000 made by

three gentlemen to acquire three portraits by Moroni,

Velasquez, and Holbein. The most important gifts were

the Vernon gift in 1847, the Turner bequest in 1856, and
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and Bolognese Schools
,
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,
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,
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Fig, 1,—Plan of the National Gallery, London.

the Wynne-Ellis legacy in 1876. The gallery contains

very few poor works, and all schools are well represented

with the sole exception of the French school. This, how-
ever, can be amply studied at Hertford House, which,

besides Dutch, Spanish, and British pictures of the highest

value, contains twenty examples of Greuze, fifteen by Pater,

nineteen by Boucher, eleven by Watteau, and fifteen by
Meissonier. The Boyal Gallery at Berlin (Old Museum),
like the British National GaUery, is remarkable for its

variety of schools and painters, and for the select type of

pictures shown. During the last twenty-five years of the
19th century, the development of this collection was even
more striking than that of the English gallery. Italian

and Dutch examples are specially numerous, though every

school but the British (here as elsewhere) is really well

seen. The purchase grant is considerable, and is weU
applied. Two other German capitals have collections of

international importance— Dresden and Munich. The
former is famous for the Sistine Madonna by Kaffaelle, a
work of such supreme excellence that there is a tendency
jtiO overlook other Italian pictures of celebrity by Titian,

Giorgione, and Correggio. Munich (Old Pinakothek) has
toixjples of all the best masters, th6 South German school

particularly noticeable. The arrangement is good,

and the methods of exhibition make this one of the most

pleasant galleries on the Continent. Vienna has the

imperial Gallery, a collection which in point of number

cannot be considered large, as there are not more than

1700 pictures. This, however, is in itself a safeguard,

like the wise provision enabling the English authorities to

dispose of pictures “unfit for the collection, or not

required” (19 and 20 Viet. c. 29). It avoids the undue

multiplication of canvases, and the overcrowding so notice-

able in many Italian galleries where first-rate pictures hang

too high to be examined. Thus the Viennese gallery,

besides the intrinsic value of its pictures (Albert Durer’s

chief work is there), is admirably adapted for study. The

best gallery in Russia (St. Petersburg, Hermitage) was

made entirely by royal efforts, having been founded by

Peter the Great, and much enlarged by the Empress

Catharine. It contains the collections of Crozat, Briihl,

and Walpole. There are about 1800 works, the schools

of Flanders and Italy being of signal merit
;
and there

are at least thirty-five genuine examples by Rembrandt.

The French collection (Louvre Palace, Paris) is one of the

most important of all. In 1880 it was undoubtedly the

first gallery in Europe, but its supremacy has since been

menaced by other establishments where acquisitions are
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made more frequently and with greater care, and where
the system of classification is such that the value of the
pictures is enhanced rather than diminished by their dis-

play. In 1900 it was partly rearranged with great effect.

The feature of the Louvre is the Salon Carre, a room in
which the supposed finest canvases in the collection are
kept together, pictuies of world-wide fame, representing
all schools. It IS now generally accepted that this system
of selection not only lowers the standard of individual
schools elsewhere by withdrawing their best pictures, but
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does not add to the aesthetic or educational value of the
masterpieces themselves. In Florence the Tribuna of the
Ufiizi gallery is a similar case in point, while in London
the danger that such a central gallery should be made
within the national collection passed away thirty years ago.

Probably the two most widely known pictures in the Louvre
are Watteau^s second “ Embarquement pour Cythere^'
and the “ Mona Lisa,’' a portrait by Leonardo da Vinci,

but each school has many unique examples. The original

drawings should be noted, being of equal importance to

I.
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Pig, 2 —Plau of the first and second floora of the Imperial Gallery, Vienna

the collection preserved at the British Museum. The last

collection to be mentioned under this heading is that

known as the Royal Galleries in Florence, housed in the

Pitti and Uffizi palaces. In some ways this collection

does not represent general painting sufficiently to justify

its inclusion with the galleries of Berlin, Paris, and

London. On the other hand, the great number of Italian

pictures of vital importance to the history of international

art makes this one of the finest existing collections. The
two great palaces, dating from the 15th and 16th cen-

turies, are joined together and contain the Medici pictures.

They form the largest gallery in the world, and though
many of the rooms are small and badly lighted, and
although many paintings have suffered from thoughtless

restoration, there is a charm and attraction which certainly

make them the most popular galleries in Europe. The
Pitti has ten EaffaeUes, and excellent examples of Andrea
del Sarto, Giorgione, and Perugino. The Uffizi is more
representative of non-Italian schools, but is best known
for its works by Botticelli, Leonardo da Vinci, Michael
Angelo, and Sodoma, the schools of Tuscany and Umbria
forming the bulk of both collections. Admission to the

galleries is by payment, and the small income derived from
this source (in 1890 all the galleries and museums in

Florence only received ^64000) is devoted to maintaining

and enlarging the collections.

As to the ground plans of the FTational Gallery, London
(Fig. 1), and of the Imperial Gallery at Vienna (Fig. 2),

it will be observed that while the former has the ad-

vantage of uniform top-light, the new galleries at Vienna
S. I.— 86



082 ART GALLERIES
possess the most ample facilities tor minute classification,

small rooms or “ cabinets opening from each large room.

Special rooms are also provided for drawings and water-

colours, while special ranges of rooms are used by copyists

and those responsible for the repair and preservation of

the pictures.

Though not so comprehensive as the great collections

just described, the State galleries showing national schools

stau painting and little else are of striking

galleries of interest. In England the National Gallery of

national British Art (known as the Tate Gallery) contains
schools,

British pictures. The corresponding collection of

modern French art is at Paris (Luxembourg Palace),

Berlin, Kome, Dresden, Vienna, and Madrid having

analogous galleries. The Victoria and Albert Museum
has also numerous British pictures, especially in water-

colour, and the National Portrait Gallery, founded in

1856, and since 1896 housed in its permanent home, is

instructive in this connexion, though many of its pictures

are the work of foreign artists. The national collec-

tions at Dublin and Edinburgh may be mentioned here,

though most schools are represented. Brussels and
Antwerp are remarkable for fine examples of Flemish

art—Matsys, Memlinc, and Van Eyck of the primitive

schools, Kubens and Van Dyck of the later period. The
collections at Amsterdam (Eyks Museum) and the Hague
(Mauritshuis) are a revelation to those who have only

studied Bembrandt, Franz Hals, Van der Heist, and other

Dutch portrait painters outside Holland; and in the

former gallery especially, the pictures are arranged in a
manner showing them to the best advantage. The Museo
del Prado is even more noteworthy, for the fifty examples

of Velasquez (outrivalling the Italian pictures, important

as they are) make a visit to Madrid imperative to those

who wish to realize the achievements of Spanish art.

Christiania, Stockholm, and Copenhagen have large col-

lections of Scandinavian art, and the cities of Budapest

and Bible have galleries of some importance. In Italy the

State maintains twelve collections, mainly devoted to pic-

torial art. Of these the best are situated at Bologna,

Lucca, Parma, Venice, Modena, Turin, and Milan. In
each case the local school of painting is fuUy represented.

In Borne the Corsini and Borghese Galleries, the latter

being the most catholic in the city, contain superb examples,

some of them accepted masterpieces of Italian art
;
there

are also good foreign pictures, but their number is limited.

The Accademia at Florence should also be noted as the

most important State gallery of early Italian art. The
central Italian Benaissance can be more adequately studied

here than in the Pitti. The “ Primavera ” of Botticelli, and
the “ Last Judgment ” by Fra Angelico are perhaps the best

known works. The large statue of David by Michael
Angelo is also in this gallery, which, on the whole, is one
of the most remarkable in Italy. Speaking broadly, these
national galleries scattered throughout the country are not
well arranged or classified ; and though some are kept
in fine old buildings, beautiful in themselves, the lighting

is often indifferent, and it is with dififfculty that the pic-

tures can be seen. In nearly every case admission fees

are charged every day, festivals and Sundays excepted

;

few pictures are bought, acquisitions being chiefly made
by removing pictures from churches.

Many towns own collections of well-merited repute. In
Italy such galleries are common, and among them may
Municipal noted Siena, with Sodoma and his school;

fiaUeries Venice with Tintoretto (Doge's Palace)
; Genoa,

ofspe^ai with the great palaces Balbi and Bosso; Vicenza
schools, (Montagna and school), Ferrara (Dosso and
^^ool), Ber^mo and Milan (north Italian schools). Other
cijviiC coIlection$ of Italian art are maintained at Verona,

Pisa, Borne, Perugia, and Padua. In Holland, Haarlem,
Leyden, Botterdam, and the Hague have galleries supple-
mental to those of the State, and are remarkable in showing
the brilliance of artists like Grebber, De Bray, and Bave-
steyn, who are usually ignored. Birmingham and Man-
chester have good examples of modern British art. Moscow
(Tretiakoff collection) has modern Bussian pictures, and
contemporary German and French work will be found in

all the galleries of these two countries included in the
municipal group. Collections of French work are found
at Amiens, Bouen, Nancy, Tours, Lemans, and Angers
but large as these civic collections are, sometimes contain-

ing six and eight hundred canvases, few of their pictures

are reaUy good, many being the enormous patriotic can-

vases marked “Don de TEtat," which do not confer dis-

tinction on the galleries. Cologne has the central collection

of the early Bhenish school ; Nuremberg is remarkable
for early German work (Wohlgemut, etc.). Stuttgart,

Cassel (Dutch), and Hamburg (with a considerable number
of British pictures) are also noteworthy, together with
Brunswick, Hanover, Augsburg, Darmstadt, and Dussel-

dorf where German and Dutch art preponderate. Seville

is famous for twenty-five examples of Murillo, and there

are old Spanish paintings at Valencia, Cordova, and Cadiz.

In Great Britain the best of the municipal galleries of

general schools are at Liverpool (early Flemish and British),

and at Glasgow (Scottish painters, Bembrandt,
^^^/c/pa/

Van der Goes, and Venetian schools). In France galleries

there are very large galleries at Tours, Mont- of general

pellier, Lyons (Perugino, Bubens), Dijon, and
Grenoble (Italian), Valenciennes (Watteau and school),

while Bennes, Lille, and Marseilles have first-rate collec-

tions. Nantes, Orleans, BesanQon, Cherbourg, and Caen

have also many paintings, French for the most part, but

with occasional foreign pictures of real importance, pre-

!

sented by the State during the Napoleonic conquests, and

not returned on the declaration of peace as were the works

of art amassed in Paris. Some of the American collec-

tions, though still in their early stages of development,

have very good pictures. At Boston (Museum of Fine

Arts) aU schools are represented, so too at the Metropolitan

Museum of Art in New York, which is strong in Italian

and Dutch works. Modem French and Flemish art is a

feature of the Academy at Philadelphia, at the Lenox

Library (New York), and at Chicago, where there are

good examples of Millet, Constable, and Bembrandt. The

Corcoran bequest at Washington is of indifferent worth.

The best civic collection in Germany of this class is the

Stadel Institute at Frankfort (Van Eyck, Christus, early

Flemish and Italian).

AiS the great bulk of reKgious painting was executed for

church decoration, there are still numberless churches which

may be considered picture galleries. Thus at Ant-
Qj^j^^ches.

werp Cathedral the Bubens paintings are remark-

able
;
at Ghent, Van Eyck

;
at Bruges (hospital of St John),

Memlinc
;
at Pisa, the Campo Santo (early Tuscan schools)

;

at Sant' ApoUinare, Bavenna, primitive Italo-Byzantine

mosaics; at Siena, Pinturrichio. Examples could be

multiplied indefinitely—^in Italy alone there are 80,000

churches and chapels, in all of which pictorial art has been

employed. In Italy, besides the church “galleries” stiH

used for religious services, there are some which have been

secularized and are now used as museums, e.^., Certosa at

Pavia, and San Vitale at Bavenna (mosaics)
;
at Florence,

the Scalzo (Andrea del Sarto) ; San Marco (Fra Angelico)

;

the Biccardi and Pazzi chapels (Gozzoli and Perugino) ;
at

Milan, in the Santa Maria delle Grazie, the “ Last Supper,”

by Leonardo, and at Padua, the famous Arena chapel

(Giotto).

The Vatican galleries, though best known for their
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sUtuary, liave fine examples of painting, chiefly of the

Private
school

;
the most famous easel pictuie

^ndsemi^ is Raffaelle's “Transfiguration/^ but the Stanze,

private apartments entirely decorated by painting, are
galleries, more famous. In England three royal

palaces are open to the public—Hampton Court (Man-
tegna), Windsor (Van Dyck, Zuccarelli), and Kensington
(portraits). At Buckingham Palace the Dutch pictures

are admirable, and Queen Victoria lent the celebrated

RaflFaelle cartoons to the Victoria and Albert Museum.
Semi-private collections belong to Dulwich College (Velas-

quez and Watteau), Oxford University (Italian drawings),

the Soane Museum (Hogarth and English school), and
the Royal Academy (Leonardo). Among private collec-

tions the most important are the Harrach, and Prince

Liechtenstein (Vienna), the Six Gallery (Amsterdam), Mrs
T. Gardner, of Boston (Italian), Prince Corsini (Florence).

In Great Britain there are immense riches in private

houses, though many collections have been dispersed.

The most noteworthy belong to the dukes of Devonshire

and Westminster, Lord Ellesmere, Captain Holford (in-

cluding the masterpiece of Cuyp), Mr L. Mond, Lord
Lanbdowne, Miss Rothschild. The finest private collection

belongs to Lord Cowper, his gallery of Van Dyck’s work
being quite the best in the world.

Many galleries are devoted to periodical exhibitions in

London ;
the Royal Academy is the leading agency of this

Periodical character, having held exhibitions since 1769.

Mndcom^ Its loan exhibitions of Old Masters are most
merdal. important. Similar enterprises, heralded by the

Grosvenor Gallery, are the Hew Gallery, opened in 1888,

the Grafton Gallery, and others. There are also old-

established societies of etchers, water-colourists, &c. A
feature common to these exhibitions is that the public

always pays for admission, though they differ from the

Kjommercial exhibitions, becoming more common every

year, in which the work of a single school or painter is

shown for profit. But the annual exhibitions at the

GuildhaU, under the auspices of the Corporation, are

free. The great periodical exhibition of French art is

known as the Salon, and for some years it has had
a rival in the Champ de Mars exhibition. These two
societies are now respectively housed in the Grand Palais

and Petit Palais, in the Champs Elysees, which were erected

in connexion with the Paris Exhibition of 1900, but with
the ultimate object of being devoted to the service of the

two Salons. Berlin, Rome, Vienna, and other Continental

towns have regular exhibitions of original work.

The best history of art galleries is found in their official and other

•catalogues, see article Museums. See also L, Viabdot, Ze$ musses
^Ital%6y &c., 8 vols. Paris, 1842, 1843, 1844.—Annual Reports,

official, of National Portrait Gallery, National Galleries of England,
Ireland, and Scotland ; Civil Service Estimates, class iv, official.

See also the series edited by Lapenestre and E. Richtenbebger ;

Le LovAyre, La, Belgique, Le RoUande, Florence, Belgique,—A.
Lavioe. Reme des mus4es de France, . . . d!Allm,agne, . . . d'Angle-
terre, . . . d'Bspagne, . .

.

dUItalie, , , , de Belgique, de RoUande et

deRussie. Paris, 1862-72.—E. Michel. Les rrmsies d'Allemagne.
Paris, 1886.—Kate Thompson. Public Picture Galleries of
Furope, 1880 —0. L. Eastlake. Rotes on Foreign Picture Gal-
leries.

—

Lord Ronald Gower. Pocket Guide to Art Galleries

{public amd prvoaie) of Belgium and, Rollcmd, 1875 ;
and many

works, albums, and so forth, issued mainly for the sake of the
illustrations. (b.)

Art Museums. See Museums.

Art Sa.ies.—^The practice of selling objects of art by
auction in England dates from the latter part of the I7th
century, when in most cases the names of the auctioneers

were suppressed, Evelyn (under date 21st June 1693)
mentions a “great auction of pictures (Lord Melford^s)

in the Banquetting House, Whitehall,” and the practice is

frequently referred to by other contemporary and later

writers. Before the introduction of regular auctions the

practice was, as in the case of the famous collection

formed by Charles to price each object and invite

purchasers, just as in other departments of commerce.
But this was a slow process, especially in the case of

pictures, and lacked the incentive of excitement. The
first really important art collection to come under the

hammer was that of Edward, Earl of Oxford, dispersed

by Cock, under the Piazza, Covent Garden, on 8th March
1741-42 and the five following days, six more days being
required by the coins. Nearly all the leading men of the

day, including Horace Walpole, attended or were repre-

sented at this sale, and the prices varied from five

shillings for an anonymous bishop’s “head” to 165
guineas for Vandyck’s group of “ Sir Kenelm Digby, lady,

and son.” The next great dispersal was Er Richard
Meades extensive collection, of which the pictures, coins,

and gems, &c., were sold by Langford in February and
March 1754, the sale realizing the total, unprecedented up
to that time, of .£16,069. The thirty-eight days’ sale

(1786) of the Euchess of Portlands collection is very
noteworthy, from the fact that it included the celebrated

Portland vase, now in the British Museum. Many other

interesting and important 18th-century sales might he
mentioned. High prices did not become general until the

Galonne, Trumbull (both 1795) and Bryan (1798) sales.

As to the quality of the pictures which had been sold by
auction up to the latter part of the 18th century, it may
be assumed that this was not high. The importation of

pictures and other objects of art had assumed extensive

proportions by the end of the 18th century, but the
genuine examples of the Old Masters probably fell far

short of 1 per cent. England was felt to he the only
safe asylum for valuable articles, but the home which was
intended to be temporary often became permanent. Had
it not been for the political convulsions on the Continent,

England, instead of being one of the richest countries

in the world in art treasures, would have been one of

the poorest. This fortuitous circumstance had, moreover,

another effect, in that it greatly raised the critical

knowledge of pictures. Genuine works realized high
prices as, for example, at Sir William RamiUorCs sale

(1801) when Beckford paid 1300 guineas for the little

picture of “A Laughing Boy” by Leonardo da Vinci;
and when at the sales (1807 and 1811) two
Rembrandts each realized 5000 guineas, “The Woman
taken in Adultery,” now in the National Gallery, and “ The
Master Shipbuilder,” now at Buckingham Palace. The
Beckford sale of 1823 (41 days, £43,869) was the fore-

runner of the great art dispersal of the 19th century;
Horace Walpole's accumulation at Strawberry Hill, 1842
(24 days, £33,450), and the Stowe collection, 1848 (41

days, £75,562) were also celebrated. They comprised
every phase of art work, and in all the quality was of a
very high order. They acted as a most healthy stimulus

to art collecting, a stimulus which was further nourished

by the sales of tie superb collection of Ralph Bernal in

1853 (32 days, £62,690), and of the almost equally fine

but not so comprehensive collection of Samuel Royers,

1856 (18 days, £42,367). Three years later came the

dispersal of the 1500 pictures which formed Lord Rorth-

wicRs gallery at Cheltenham (pictures and works of art,

18 days, £94,722).
Towards the latter part of the first half of the 19th

century an entirely new race of collectors gradually came
into existence

;
they were for the most part men who had

made, or were making, large fortunes in the various

industries of the midlands and north of England and
other centres. They were untrammelled by “ collecting

”

traditions, and their patronage was almost exclusively
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extended to the artists of the day. The dispersals of

these collections began in 1863 with the Bichnell Gallery^

and continued at irregular intervals for many years, e.f/.,

Gillott (1872), Mendd (1875), Wynn Ellis and Albert

Levy (1876\ Albert Grcmt (1877), and Munro of Eovar

(1878). These patrons purchased at munificent prices

either direct from the easel or from the exhibitions not

only pictures in oils but also water-colour drawings.
^

As

a matter of investment their purchases frequently realized

far more than the original outlay
;
sometimes, however,

the reverse happened, as, for instance, in the case of

Landseer’s Otter Hunt,” for which Baron Giant is said

to have paid £10,000 and which realized shortly after-

wards only 5650 guineas. One of the most striking

features of the sales of the ’seventies was the high

appreciation of water-colour drawings. At the G^llott

sale 160 examples realized a total of £27,423, when Lord

Dudley paid 3150 guineas for Turner’s “Bamborough
Castle”

)
and three years later at the Qmlter sale (1875),

when David Cox’s “Hayfield,” for which a dealer had

paid the artist «50 guineas in 1850, realized 2810 guineas.

Water-colour drawings have never recovered the inevitable

effect of the “boom” in the ’seventies, but even within

late years prices at auction indicate a distinctly upward
tendency; in 1895 David Cox’s “Welsh Funeral” (which

cost about £20) sold for 2400 guineas, and in the same

sale Sir Edward Burne-Jones’s “ Hesperides ” realized 2560

guineas. The demand for works by modern artists, whose

works sold at almost fabulous prices thirty years ago, has

greatly declined
;
but during all its furore there was still a

small band of collectors to whom the works of the Old

Masters more especially appealed. The dispersal of such

collections as the Bredel (1875), Watts Bussell (1875),

Foster of Glewer Manor (1876), the Samilton Palme
(17 days, £397,562)—^the greatest art sale in the annals

of Great Britain

—

Bale (1882), Leigh Court (1884), and
Dudley (1892) contained, as did many minor collections

sold each season, many very fine examples of the Old
Masters which found eager purchasers at high prices. It

has been frequently said that the Old Masters are no
longer in fashion with collectors, but the fact is that first-

rate examples are now rarely offered for sale
;
when they

do occur prices are invariably high. Scarcely a season

passes without affording a proof of this, the most striking

one of all being the £24,250 realized by the pair of

Yandyck portraits of a Genoese senator and his wife in

the Peel sale, 1900.

The chief feature of the picture sales of the last quarter

of the 19th century was the demand for works—more
particularly female portraits— by Eeynolds and his

contemporaries. The origin of this fashion is perhaps

traceable to the exhibitions held at South Kensington,

1867 and 1868, and the annual winter exhibitions at

Burlington House, which revealed an unsuspected wealth

and charm in the works of many English artists who had
almost fallen into obKvion. The prices which have been
paid at auction during recent years for such pictures can
only be described as fabulous, and a few of the records

may be quoted—^Reynolds’s “Lady Betty Delm4,” 1894,

11,000 guineas; Romney’s “The Ladies Spencer,” 1896,

10,500 guineas; Gainsborough’s “Duchess of Devon-
shire” (the picture which so mysteriously disappeared a
few days after the sale, and which was as mysteriously

restored to its owners, Messrs Agnew, in April 1901), 1876,

10,100 guineas; Constable’s “Stratford Mill,” 1895, 8500
guineas; and Turner’s “Wreckers,” 1897, 7600 guineas.

Since 1880 works of the modern Continental schools— more especially the French— have become popular
with English collectors, and high prices have accordingly
ifigqaced in auction sales. The “appreciation” is, how-

ever, ciicumscribed, and peihaps does not extend much
beyond a dozen well-known names, of which the principal—with a few of their chief pictures—are Rosa Bonheur
“Denizens of the Highlands,” Bolchow sale, 1888,5550
guineas

;
Jules Breton, 'whose “ Girls going to the First

Communion ” realized £9100 in Hew York in 1886
; Corot

Fortuny, Gallait, GerOme, Greuze, Israels; Meissonier
(of whose works sold by auction two may be mentioned) r

“Hapoleon I. in the Campaign of Paris,” 12J inches by
inches, for which Mr Ruskin gave 1000 guineas in

1869 and which realized 5800 guineas in 1882, and “The
Sign Painter,” which in the Bdckow sale of 1891 realized

6450 guineas
;
Munkacsy, Troyon, and Yerboeckhoven.

“ Specialism ” is the one important development in art

collecting which has manifested itself during the last half

century. This accounts for and explains the high average
quality of the Wellesley (1866), the Buccleuch (1888), and
the Halford (1893) collections of drawings by the Old
Masters ; for the Sibson Wedgwood (1877), the Due de

Forli Dresden (1877), the Shuldham blue and white

porcelain (1880), the Warwick enamels (1896), Dudley
porcelain (1886), the Massey - Mainwaring gold boxes

(1897), and also for the objects of art collected by Mr
Magniac (1892) and by Kerr Ileckscher (1898). Very
many other illustrations in nearly every department of art

collecting might be quoted—the superb series of Marl
borough genis (1875 and 1899) might be included in this

category but for the fact that it was formed chiefiy in the

18th century. The apj>reciation—commercially at all

events—of mezzotint portraits and of portraits printed in

colours, after masters of the early English school, was one

of the most lemarkable features in art sales during the

last years of the 19th century. The shillings of fifty

years before were then represented by pounds. The
Fraser collection (4th to 6th December 1900) reahzed

about ten times the original outlay, the mezzotint of the

“Sisters Frankland,” after Hoppner, by W. Ward, selling

for 290 guineas as against 10 guineas paid for it about

thirty years previously. The H. A. Blyth sale (11th to

13th March 1901, 346 lots, £21,717 : 10s.) of mezzotint

portraits was even more remarkable, and as a collection

it was the choicest sold within recent times, the engra'vings

being mostly in the first state. The record prices were

numerous, and, in many cases, far surpassed the prices

which Sir Joshua Reynolds received for the original

pictures; e.y,, the exceptionally fine example of the first

state of the “Duchess of Rutland,” after Reynolds, by

Y. Green, realized 1000 guineas, whereas the artist received

only £150 for the painting itself. Even this unprecedented

price for a mezzotint portrait was exceeded on 30th April

1901, when an example of the first published state of

“Mrs Camac,” after Reynolds, by J. R. Smith, sold for

1160 guineas. Such prices as these and many others

which might be quoted are exceptional, but they were

paid for objects of exceptional rarity or quality. The

demand for the finest works of art of all descriptions is

much greater than the supply. As an illustration of the

magnitude of the art sale business it may be mentioned

that the “turnover” of one firm in London alone has.

occasionally exceeded £1,000,000 annually.

BiBLioaRAPHY.

—

^The chief compilations dealing with art sales-

in G-reat Britain are— Art Sales, by O. Redford (1888), and

McToormls of Ghnstids, by W. Roberts (1897) ;
whilst othei

books containing much important matter are W. Bttchanan’s

Memoirs of Painting; The Year's Art, 1880 and each succeeding

year
; The Connoisseur, by F. S. Robinson ;

and Les ventes^
tableami, dessim et olyets d'art au XIX^ S'Me (chiefly French),

by L. SoulliIj. (w. b *)

Art Societies.— In handing themselves into-

societies and associations artists have always been especially

remarkable. The fundamental motive of such leaguing
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together is apparent, for, by the establishment of societies,

it becomes possible for the working membeis of these to

hold exhibitions and thereby to obtain some compensation

or reward for their labours. With the growth of artistic

practice and public interest, however, art societies have

been instituted where this primary object is either absent

or is allied to others of more general scope. The further-

ance of a cult and the specializing of work have also given

rise to many new associations in Great Britain, besides the

Koyal Academy (^.'y.). At the outset, therefore, it will

be well to mention the leading art societies thus described.

The (now Boyal) Society of Painters in Wat&ii' Coloms^

founded in 1804, and the (now Royal) Society of British

Artists (1823), are typical of those societies which exist

merely for purposes of holding exhibitions and conferring

diplomas of membership. The Artists^ Society, formed in

1830, has for its object the providing of facilities to enable

its members to perfect themselves in their art. To this end
there is a good library of works on art, and abundant
opportunities are afforded for general study from the

life. In the furtherance of a cult the Japan Society,

devoted to the encouragement of the study of the arts and
industries of Japan, is a typical example

;
and the Society

of Mezzotint Engravers is representative of those bodies

formed in the interests of particular groups of workers.

One of the remarkable features in the history of art in Great

Britain has been the rapid increase of the artistic rank and
file. Taking the number of exhibitors at the principal

London and provincial exhibitions, it is found that in the

period 1885-1900 the ranks were doubled. At the end
of the 19th century it was estimated that there were
quite 7000 practising artists. Coincident with this as-

tonishing development there has been a corresponding

addition of new art societies and the enlargement of older

bodies. For instance, the membership of the Royal Society

of British Artists advanced in the period mentioned from
80 to 150. Similar extensions can be noted in other

societies, or in such a case as that of the Royal Institute

of Painters in Water Colours, where the membership has

remained fixed, it is to be noticed that more space is given

to the works of outsiders. But the expansion of older

exhibiting societies has not proved sufficient. Portrait

painters, pastellists, designers, miniaturists, and women
artists have felt the necessity of forming separate coteries.

Interesting though these movements from within may be,

the growth of societies originating in the spirit of altruism

associated with such names as Rushm and Kyrle is equally

instructive. Nearly all these are the products of the last

quarter of the century and include the Sunday Society,

which in 1896 secured the Sunday opening of the National

Museums and Galleries in the Metropolis.

The specializing of study and work has also given rise to

much artistic endeavour. For a long time archaeology

—

British and Egyptian—claimed almost exclusive attention.

Latterly the arts of India and Japan have engaged much
notice, and societies have been organized to further their

study. Finally, bands of workers in particular branches of

art have felt the need of clubbing together in order to pro-

tect their special interests. A slight suspicion of trade-

unionism is attached to some of these
; but on the whole

the establishment of such bodies as the Society of Illus-

trators, the Society ofDesigners, and the Society of Mezzotint

Engravers has been with a view to advancing the public

knowledge of the merits of these branches of artistic

enterprise.

Exhibiting- Societies.—(a) Old Established.—^These

in London are: The Royal Academy, the Royal Water
Colour Society, the Royal Institute of Painters in Water
Colours, the Society of Oil Painters, and the Royal Society of
British Artists. In the provinces, the Birmingham Royal
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SocietyofArtistshs^^ been in existence seventy-four years, and
has a life academy writh professors attached. (6) Modern.

—

In this category are many which reflect the freshness and
spirit of the enterprise shown during the last twenty-
five years. Such a body as the English Art Club,

founded in 1885 as a protest against all other art societies,

achieves its purpose by exhibition only. The Royal Society

of Painter-Etchers and Engravers, consisting ©f fellows

and associates, not exceeding 150 in all, conserves the

interests of a numerous body of workers, and, in addition to

holding exhibitions, confers diplomas (E.E. and A.E.E.) on
the exhibitors of meritorious etchings or engravings. The
Society of Wcymen Artists (formerly the Society of Lady
Artist^) is wholly devoted to the display of works by
female artists, and in 1891 the Society of Portrait Painters

was formed to carry out the object conveyed in its title.

Two associations advance the art of the miniature painter,

and the Pastel Society, formed in 1898, holds displays of

members’ work at the Koyal Institute Galleries, In Scot-

land there is the Royal Scottish Academy. The Royal Scot-

tish Society of Painters in Water Colours (Glasgow) grants

the title E.S.W. to its members, and the Society of Scottish

Artists (Edinburgh), founded in 1891, has a membership
of nearly 500 young artists. Other exhibiting societies

which call for mention are : The Yorkshire Union of Artists

(Leeds), which consolidates many local societies
j
the Not-

tingham Society of Artists, which also encourages drawing
from the living model

;
and similarly the Liver Sketching

Club (Liverpool), founded nearly thirty years ago, which,

in addition to holding an annual exhibition, devotes four

nights a week to drawing from life.

Societies of Instetjction and Popular Encourage-
ment.—^It is under this head that the chief evidence of

the modern art revival will be found. First it should be
noted that there are very few societies designed for the

artistic improvement of artists. The Artists^ Society

has already been mentioned
;
and the Art Workers^ Guild,

which meets at Clifford’s Inn Hall, provides meetings, from
which the public is excluded, where profitable discussions

take place on questions of craft and design. But, as a rule,

the art society, of which only artists are members, is

organized for exhibition purposes or for the protection of

interests. With regard to those societies of popular and
educational intention the old Society ofArts in the Adelphi,

founded in 1754, enjoys a good record. Numerous lectures

on art subjects have from time to time been given, and in

1887 a scheme was devised by which awards are made to

student-workers in design. The Societyfor the Encourage-

ment of the Fine Arts (Conduit Street) has also laboured

during the last half-century to increase a technical know-
ledge, its members holding conversazioni at various picture

galleries. The Artists^ and Amateurs^ Conversazione, insti-

tuted in 1831, which used to meet at the Piccadilly

Galleries and is now defunct, carried out a similar plan.

Two other societies, now obsolete, should be mentioned

whose methods were directly educational. The Arundel

Society, which for many years promoted the knowledge of

art by copying and publishing important works of ancient

masters, issued to its members on payment of annual

subscriptions, wa« eventually wound up on the last

day of 1897. The International Chcdcographical Society,

formed for the study of the early history of engraving

—

its committee consisting of Messrs Sidney Colvin, Georges

Duplessis, F. Lippmann, and Baron Edmond de Kothscbdld

—^aJso did useful work. Another association of painters,

sculptors, architects, and engravers, the Graphic Society,

ceased on the 29th October 1890. This was one of the

most interesting of societies, and its meetings, at which

rare works of art were exhibited and discussed, were held

in the Flaxman Gallery at University College. A very
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active educational body, originated in 1888, namely

tbe Royal Drawing Society, lias for its definite object

tbe teaching of drawing as a means of education.

The methods of instruction are based on the facts that

Yery young children try to draw before they can write,

and that they have very keen perception and retentive

memory. The society aims, therefore, at using drawing

as a means of developing these innate characteristics of the

young, and already nearly 300 important schools follow

out its system. Lord Leighton, Sir John Millais, and

Sir Edward Burne-Jones took an active part in the

society’s labours. The Art for Schools Association, founded

in 1883, has also done steady work in endeavouring to pro-

vide schools with works of art. These are chiefiy repro-

ductions of standard works of art or of historical and
natural subjects. The wave of enthusiasm aroused by Mr
Euskin’s teachings caused Societies of the Bose to be founded

in London, Manchester, Sheffield, Birmingham, Aberdeen,

and Glasgow
;
but some of these eventually ceased active

work, to be revived again, however, by the Bushin Union,

formed in the year of the great writer’s death (1900).

Most of these societies were formed in 1879 ;
but it should

not be forgotten that two years earlier the Kyrle Society was
started with the object of bringing the refining and cheer-

ing influences of natural and artistic beauty to the homes
of the people. Under the presidency of Earl Brownlow,

the JELoifm Arts and Industries Association continues a work
which was started in 1884, and anticipated much of the

present system of technical education. Yoluntary teachers

organize classes for working people, at which a practical

knowledge of art handiwork is taught. In remote or poor

districts isolated workers are also assisted. Training classes

for voluntary teachers are held in such varied pursuits

as bent iron work, spinning, embroidery, and smocking.

An interesting type of society has been established in

Bolton, Lancashire. Under the title of an Arts Guild the

members, numbering over 200, devote themselves to the

advancement of taste in municipal improvements.

Societies or Special Study, Practice, and Protec-
tion.

—

^Under this head should be placed those associations

which affect a cult, or are composed of particular workers,

or which protect public or private interests. Perhaps the

chief of the first kind is the Japan Society, which, since its

inception in 1892, has been joined by over 900 members
interested in matters relating to Japanese art and industries.

The Dwrer Society, formed in 1897, has for its main object

the reproduction of works by Albert Durer, and his German
and Italian contemporaries, and is in a way the successor

to the defunct Arundel Society. In this category of

special study the Society for the Encouragement and
Preservation of Indian Art may also be placed, and
the Egypt Exploration Fumd. The Bushin Union may
also be mentioned again in this connexion. Of the societies

of special practice it has already been noticed that some are

purely exhibiting associations, such as the Portrait Painters,

the Pastel Society, and the two miniature bodies. The
formation of the Society of Mezzotint Engravers in 1898 is

an example of the leaguing together of particular workers
to call attention to their interests. Original and translator

engravers, together with collectors and connoisseurs, com-
prise the membership. The decaying art of wood engraving
is also fostered by the International Society of Wood En-
gravers, and the Society ofDesigTiers, founded in 1896, safe-

guards the interests of professional designers for applied
art, without holding exhibitions. Special practice and pro-
tection are also considered by the Society of Illustrators,

composed of artists who work in black and white for the
illustrated press. This society was inaugurated in 1894,
and fifteen of the members of the committee must be active

wcjrkers in illustration. As an instance of the tendency of

art workers to combine, the Society ofArt Masters is a good
illustration. This is an association of teachers of art schools,
controlled by the art branch of the Board of Education^
and has a membership of over 200. Good work of
another kind occupies the National Tru^t for Places of
Historic Interest or Natural Beauty. The Council of the
Trust includes representatives of such bodies as the National
Gallery, the Eoyal Academy, the Eoyal Society of Painters
in Water Colours, the Society of Antiquaries, the Eoyal
Institute of British Architects, the Universities, Kyrle
Society, Society for the Protection of Ancient Buildings,

and the Selborne Society.

Foreign Art Societies.—The following are brief par-

ticulars of the chief ait societies elsewhere than in Great
Britain :

—

Austria.—Vienna, Vereimgimg hildender Kuenstler Osterreichs

(Society of Austrian Painters) and the Association of Viennese
Artists (L’Association des artistes de Vienne).

Belgium:.—Brussels, Soci6U des Beaux Arts, the Idhre EsthMigue,
BociiU des Aquarellistes et Pastellistes, Sociite rc/yale Beige des
Aquarellistes, and numerous private societies {c&rcles) in Biussels,

Antwerp, Liege, Ghent, and othei cities.

France.—Paris, the SociM des Artistes Frangais (The Salon),

Bociiti Ndtionale des Beaux Arts (The New Salon), Sociite des

Aquarellistes, Exhibiting societies are the Bociiti des Artistes

Indipendants, SocUU des Orientalisfes, and Salon des Pastellistes.

Germany.—^The small local societies aie affiliated to one large-

parent body, the Deutsche Kumtlergenossenschaft, in Berlin

under the presidency of Anton von Werner. The Deutsche Ulus-
tratorenverband watches over the interests of illustrators and
designers. In Munich there are two bodies—the Old Society of
Artists, holding its exhibitions in the Glaspalast, and the Secession.

Italy.— Four exhibiting societies: Eome, Societa in Arte
Libertas, Scuela degli Aquarellisti

;

Milan, Famigha Arhstica,

Societa degli Artiste ; Florence, Oircolo Artistico ; Naples, Imtituti

di Belli Arti.

Portugal,—Sociedade yromotora das Bellas-Aites and Gremia
Artistico,

Eussia.—^There is no exclusively art society of importance, but

there is at St Petersburg the SociM LiUiraire et Artktique.

Spain.—Madrid, VAssociation des Artistes Fsjpagnols.

Sweden.—Stockholm, Svensha Koustuareruas Forening.

Switzerland. — Berne, La Sodeti des Feintres et Sculgiteurs

Suisses.

United St^tcs.—New York, the Academy of Fine Arts, the

French Institute; Boston, Massachusetts Institute of Technology

(founded 1861). (a. C. R. C.)

Art TeSiChing^.—It is the tendency of all de-

partments of the human mind to outgrow their original

limits. Traditions of teaching are long-lived, especially in

art, and new ideas only slowly displace the old, so that

art teaching as a whole is seldom abreast of the ideas and
practice of the more advanced artists. The old academic

system adapted to the methods and aims in art in the 18th

century, which has been carried on in the principal art

schools of Great Britain with but slight changes of method,

consisted chiefly of a course of drawing from casts of antique

statues in outline, and in light and shade, without back-

grounds, of anatomical drawings, perspective, and drawing

and painting from the living model. Such a training seems,

to be more or less a response to Lessing’s definition of

painting as ‘‘ the imitation of solid bodies upon a plane

surface.^’ It seems to have been influenced more by the

sculptor’s art than any other. Indeed, the academic teach-

ing from the time of the Italian Eenaissance was no doubt

principally derived from the study of antique sculpture ;

the proportions of the figure, the style, pose, and sentiment

being all taken from Grseco-Eoman and Eoman sculptures,

discovered so abundantly in Italy from the 16th century

onwards. As British ideas of art were principally derived

from Italy, British academies endeavoured to follow the

methods of teaching in vogue there in later times, and so

the art student in Great Britain has had his attention and

efforts directed almost exclusively to the representation of

the abstract human form in abstract relief. Traditions in
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art, however, may sometimes prove helpful and beneficial,

and preservative of beauty and character, as in the case

of certain decorative and constructive arts and handicrafts

in common use, such as those of the rural waggon-maker
and wheelwright, and horse-harness maker (see Academy,
Eoyal).

Some schools of painting, sculpture, and architecture

have preserved fine and noble traditions which yet allowed

for individuality. Such traditions may be said to have
been characteristic of the art of the Middle Ages. It often

happens, too, when many streams of artistic infiuence meet,

there may be a certain domination or ascendency of the

traditions of one art over the others, which is injurious in

its effects on those arts and diverts them from their true

path. The domination of individualistic painting and
sculpture over the arts of design during the last century

or two is a case in point.

With the awakening of interest in industrial art

—

sharply separated by pedantic classification from fine art—^which began about the middle of the 19th century,

schools of design were established which included more
varied studies. Even as early as 1836 a Government
grant was made towards the opening of public galleries

and the establishment of a normal school of design with a
museum and lectures, and in 1837 the first school of design

was opened at Somerset House. In 1840 grants were made
to establish schools of the same kind in provincial towns,

such as Manchester, Birmingham, Glasgow, Leeds, and
Paisley. The names of G. Wallis in 1847, and Ambrose
Poynter in 1850, are associated with schemes of art in-

struction adopted in the Government art schools, and the

year 1851, the year of the Great Exhibition, was also

marked by the first public exhibition of students' works,

and the first institution of prizes and scholarships. In
1852 “the Department of Practical Art" was constituted,

and a museum of objects collected at Marlborough House
which afterwards formed the nucleus of the future museum
at South Kensington. In 1853 “ The Department of

Science and Art ” was established, and in 1857, under the

auspices of Henry Cole, the offices of the department and
the National Art Training School were removed from
Marlborough House to South Kensington. Classes for in-

struction in various crafts had been carried on both at

Somerset House and Marlborough House, and the whole
object of the Government schools of design was to give

an artistic training to the designer and craftsman, so that

he could carry back to his tiade or craft improved taste

and skill. The schools, however, became largely filled by
students of another type—leisured amateurs who sought
to acquire some artistic accomplishment, and even
in the case of genuine designers and craftsmen who
developed pictorial skill in their studies, the attraction

and superior social distinction and possibility of superior

commercial value accruing to the career of a painter of

easel pictures, diverted the schools from their original

purpose.

For some time after the removal to South Kensington,

during the progress of the new buddings, and under the

direction of Godfrey Sykes and F. W. Moody, practical

decorative work both in modelling and painting was carried

out in the National Art Training School
;
but on the com-

pletion of these works, the school relapsed into a more or

less academic school on the ordinary lines, and was regarded
chiefly as a school for the training of art teachers and
masters who were required to pass through certain stereo-

typed courses, and execute a certain series of drawings in

order to obtain their certificates. Thus model-drawing,

freehand outline, plant-drawing in outline, outline from
the cast, light and shade from the cast, drawing of the

antique figure, still life, anatomical drawings, drawing and
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painting from the life, ornamental design, historic studies
of ornament, perspective, and geometry, were all taken up
in a cut-and-dried way, as isolated studies, and with a view
solely to obtaining the certificate or passing an examina-
tion. This theoretic kind of training though still in foice,

and though it enabled the department to turn out certi-

ficated teachers for the schools of the country of a certain

standard, and to give to students a general theoretic idea
of art, has been found wanting, since, in practice, when
the student in design leaves his school and desires to take
up practical work as a designer or craftsman, he requires

special knowledge, and specialized skill in design for his

work to be of use
;
and though he may be able to impart

to others what he himself has laboriously acquired, the
theoretic and general character of his training proves of

little or no use, face to face with the ever shifting and
changing demands of the modern manufacturer and the
modern market.

A growing conviction of the inadequacy of the schools

of the Science and Art Department (now the Board of

Education), considered as training grounds for practical

designers and craftsmen, led to the establishment of

new technical schools in the principal towns of Great
Britain. The circumstance of certain large sums, diverted

from their original purpose of compensation to brewers,

being available for educational purposes and at the dis-

posal of the county councils and municipal bodies,

provided the means for the building and equipment
of these new technical schools, which in many cases

are under the same roof as the art school in the pro-

vincial towns, although the connexion between the two
is not so close as might be desirable. The art schools

formerly managed by private committees and supported

by private donors, assisted by the Government grants, are

now, in the principal industrial towns of Great Britain,

taken over by the municipality. Birmingham is singularly

well organized in this respect, and its art school has
long held a leading position. The school is well housed
in a new building with class-rooms with every appliance,

not only for the drawing, designing, and modelling side,

but also for the practice of artistic handicrafts such as

metal repouss4, enamelling, wood-carving, embroidery, <ke.

The municipality have also established a jewellery school,

so as to associate the practical study of art with local

industry. Manchester wdll shortly have a large new
technical school, intended to combine the work of the

existing technical school in Princess Street and the weav-

ing school in Peter Street under one roof, with special

classes for design; while the art school in Cavendish Street,

with its museum, may remain as a high school of design,

painting, and modelling. In Glasgow, which has now a

distinct place in the modern development of art, both

decorative and pictorial, under the headmastership of Mr
Francis H. Newbery, the art schools are also under
municipal management, and large new premises have been

completed for the extension of work in the technical and
practical direction, Leicester has an admirably equipped

and organized art school in a fine building.

The important change involved in the incorporation of

the Science and Art Department with the Board of

Education has also led to a reorganization of the Eoyal

College of Art. A special Council of Advice on art

matters has been appointed, consisting of representatives

of painting, sculpture, architecture, and design, who deal

with the Eoyal College of Art, and appoint the professors

who control the teaching in the classes for architecture,

design and handicraft, decorative painting and sculpture,

modelling, and carving. The council decide upon the

curriculum, and examine and criticize the work of the

college from time to time. They also advise the Board in
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regard to the syllabus issued to the art schools of the

country, and act as referees in regard to purchases for

the museum. New buildings for the Eoyal College of

Art will be added to the new museum building now in

course of erection. There will be a lower and a higher

school in the college, and provision will be made for the

practice of the artistic handicrafts. An etching and en-

graving class has existed since 1864. A stained-glass

class was instituted in 1899, and these will be followed

by classes for stone and marble carving, for metal work,

and for pottery, while others will be added as space and
organization admit.

Of other institutions for the teaching of art, outside

the Science and Art Department, the following may be

named : The Royal Drawing Society of Great Britain

and Ireland, which was formed principally to promote the

teaching of drawing in schools as a means of education.

The system therein adopted differs from the ordinary

drawing courses, and favours the use of the brush. Brush-

work has generally been adopted for elementary work, too,

by London school-board teachers, drawing being now a
compulsory subj ect. Remarkable results have beenobtained
by the Alma Road board schools in the teaching of boys
from eight to twelve by giving them spaces to fill with
given forms—^leaf shapes—from which patterns are con-

structed to fill the spaces, brush and water-colour being

the means employed. At the Female School of Art in

Queen Square, London, classes in drawing and painting

from life are held, and decorative design is also studied.

At the Herkomer Incorporated School at Bushey, directed

by Prof. H. von Herkomer, R.A., according to his own
methods, students are instructed in drawing, painting,

and engraving. The school is limited to 100 students.

The City and Guilds of London Institute has two depart-

ments for what is termed “ applied ” art, one at the South
London School of Technical Ait, and the other at the Art
Department in the Technical College, Finsbury. There
are also the Royal School of Art Needlework; the School
of Art Wood-carving; and the School of Art at the
Crystal Palace. The Slade School of Drawing, Painting,

and Sculpture, Dniversity College, Gower Street, confines

itself to drawing and painting from the antique and life,

and exercise in pictorial composition. There are also

lectures on anatomy and perspective. The Slade Pro-
fessorships at Oxford and Cambridge Universities are
concerned with the teaching and literature of art, but they
do not concern themselves with the practice. There are
also, in addition to the schools of art named and those in
connexion with the Board of Education in the various
districts of London and the country, many and various
private schools and clubs, such as the Langham and
“ Heatherley’s,” chiefly concerned in encouraging drawing
and painting from the life, and for the study of art
from the pictorial point of view, or for the preparation of
candidates for admission into the Royal Academy or other
schools.

A general survey, therefore, of the various institutions
which are established for the teaching of art in Great
Britain gives the impression that the study of art is not
neglected, although, perhaps, further inquiry might show
that, compared to the great educational establishments,
the proportion is not excessive. With the board schools
teaching art, as well as the municipal art schools and
schools in connexion with the Board of Education, the
danger is of waste of energy and of overlapping in the
various courses. This danger suggests that a well-defined
progressive system might be arranged so that a school-
board scholar who shows artistic abfiity might be enabled
to pass on from the elementary classes in one school to the
higher art and technical schools, secondary and advanced,
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without retracing his steps, thus escaping the depression
of going over old ground.

The general movement of revival of interest in the arts of
decorative design and the allied handicrafts, with the desire to
re-establish their influence in art-teaching, has been due to many
causes, among which the work of the Arts and Crafts Exhibition
Society may count as important. Eiom the leading members of
this body the London County Council Technical Education Board
when it was face to face with the problem of organizing its

new schools and its technical classes, sought advice and aid.
Success has attended their schools, especially the Central School
of Arts and Crafts at Morley Hall, Regent Street. The object of
the school is to provide the craftsman in the various branches of
decorative design with such means of improving his taste and skill

as the workshop does not aflord. It does not concern itself with
the amateur or with theoretic drawing. The main difference in
principle adopted in this school in the teaching of design is the
absence of teaching design apartfrom haridicraft. It is considered
that a craftsman thoroughly acquainted with the natural capacities
of his material and strictly understanding the conditions of his
work, umuld he able, if he had any feeling or invention, to design
appropriately in that material, and no designing can be good apart
fiom a knowledge of the material in which it is intended to be
carried out. It should be remembered too that graphic skill in
representing the appearances of natural objects is one sort of skill,

and the executive skill of the craftsman m working out his design,

say, in wood or metal, is quite another. It follows that the works
of drawing or design made by the craftsman would be of quite a
different character from a pictorial drawing, and might be quite

simple and abstract, while clear and accurate. The tiaining for

the pictorial artist and for the craftsman would, therefore,

naturally be different.

The character of the art-teaching adopted in any country must
of course depend upon the dominant conception of art and its

function and purpose. If we regard it as an idle accomplishment
for the leisured few, its methods will be amateurish and superficial.

If we regard art as an important factor in education, as a language
of the intelligence, as an indispensable companion to literature, we
shall favour systematic study and a training in the power of direct

expression by means of line. We shall value the symbolic drawing
of early civilizations like the Egyptian, and symbolic art generally,

and in the history of decorative art we shall find the true accom-

paniment and illustration of human history itself. From this

point of view we shall value the acquisition of the power of draw-

ing for the purpose of presenting and explaining the facts and
forms of nature. Drawing will be the most direct means at the

command of the teacher to explain, to expound, to demonstrate
where mere words are not sufficiently definite or explicit. Drawing
in this sense is taking a moie important place in our education,

especially in primary education, though there is no need for it to

stop there, and one feels it may be destined to take a more im-

portant position both as a training for the eye and hand and an

aid to the teacher. Then, again, we may regard art more from its

social aspect as an essential accompaniment of human life, not

only for its illustrative and depicting powers, but also and no less

for its pleasure-giving properties, its power ofawakening and stimu-

lating the observation and sympathy with the moods of nature,

its power of touching the emotions, and above all of appealing

to our sense of beauty. We shall regard the study of art^ from

this point of view as the greatest civilizer, the most permeating of

social and human forces. Such ideas as these, shared no doubt

by all who take pleasure and interest in art, or feel it to be an

important element in their lives, are crossed and often obscured

by a multitude of mundane considerations, and it is probably out

of the struggle for ascenden^ between these that our systems of

art teaching are evolved. There is the demand of the right to

live on the part of the artist, and the teacher of art. There is the

demand on the part of the manufacturer and salesman for such art

as will help him to dispose of his goods. In the present commercial

rivalry between nations this latter demand is brought into pro-

minent relief, and art is apt to be made a minister, or perhaps a

slave to the market. These are but accidental relationships with

art. All who care for art value it as a means of expression and

for the pleasure and beauty it infuses into all it touches, or as

essential and inseparable from life itself. Seeing then^ the im-

portance of art from any point of view, individual, social, com-

mercial, intellectual, emotional, economic, it should be important

to ns in our systems of art-teaching not to lose sight of the end in

arranging the means—not to allow our teaching to he dominated

by either dilettantism or commercialism, neither to be feeble for

want of technical skill, nor to sacrifice everything to technique.

The true object of art-teaching is very much like that of all educa-

tion—^to inform the mind, while yon give skill to the hand—not
to impose certain rigid rules, or fixed recipes and methods of work,

but while giving instruction in definite methods and the use of

materials, to allow for the individual development of the student
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iind enable him to acquire the power to express himself through
different media without forgetting the grammar and alphabet of

design. Practice may vary, but principles remain, and there is

a certain logic in art, as well as in reasoning. All art is con-
ditioned in the mode of its expression by its material, and even
the most individual kind of art has a convention of its own by the
very necessities and means of its existence. Methods of expression,
conventions alter as each artist, each age seeks some new interpre-

tation of nature and the imagination—the well-springs of artistic

life, and from theserevivingstreams continually flow new harmonies,

new inventions, and recombinations, taking form and colour accord-
ing to the temperaments which give them birth. (yf, cn

)

Arta, a town of Thessaly, in Greece, in the province
of Arta, 59 miles N.N.W. of Mesolonghi, on the river

Arta, which enters the Gulf of Arta some distance south
of the town. The battle of Actium was fought near the
mouth of the gulf in 29 b.c. The population is now about
7000.

AETHROPODA.

AETHROPODA is the name of one of the three sub-

phyla into which one of the great phyla (or primary

branches) of coelomocoelons animals—the Appendiculata
—is divided

;
the other two being respectively the Chseto-

poda and the Rotifera. The word “ Arthropoda ” was first

used in classification by Siebold and Stannius {Lehrhuch der

v&rgleich Anatomie^ Berlin, 1845) as that of a primary
•division of animals, the others recognized in that treatise

being Protozoa, Zoophyta, Vermes, Mollusca, andVertebrata.
The names Condylopoda and Gnathopoda have been subse-

quently proposed for the same group. The word refers to

the jointing of the chitinized exo-skeleton of the limbs or

lateral appendages of the animals included, which are,

roughly speaking, the Crustacea, Arachnida, Hexa-

poda (so-called “tiue insects”). Centipedes, and Milli-

pedes. This primary group was set up to indicate

the residuum of Cuvier’s Articulata when his class

Annelides (the modern Chastopoda) was removed from
that “ embranchement.” At the same time Siebold

and Stannius renovated the group Vermes of Linnaeus,

and placed in it the Chaetopods and the parasitic

worms of Cuvier, besides the Rotifers and Turbellarian

worms.^

The result of the knowledge gained in the last quarter

of the 19th century has been to discredit altogether the

group Vermes, thus set up and so largely accepted by
German writers even at the present day. We have, in

fact, returned very nearly to Cuvier’s conception of a great

^ As a matter of fact the group Arthropoda itselt, thus constituted,

was precisely identical in its area with the class Insecta of Linnaeus,

the Entoma of Aristotle, But by causes which it is not easy to trace

the word *
‘ Insect ” had become limited since the days of Linnaeus

to the Hexapod Pterygote forms to the exclusion of his Aptera.

Lamarck's penetrating genius is chiefly responsible for the shrinkage

ot the word Insecta, since it was he who, forty years after Linnaeus's

death, set up and named the two great classes Crustacea and Arachnida

(included by Linnaeus under Insecta as the order “ Aptera "), assign-

ing to them equal rank with the remaming Insecta of Linnaeus, for

which he proposed the very appropriate class -name “Hexapoda."

Lamarck, however, appears not to have insisted on this name Hexa-

poda, and so the class of Pterygote Hexapods came to retain the

gronp-uame Insecta, which is, historically or etymologically, no more

appropriate to them than it is to the classes Crustacea and Arachnida.

'Ihe tendency to retain the original name of an old and comprehensive

group for one of the fragments into which such group becomes divided

by the advance of knowledge—instead of keeping the name for its

logical use as a comprehensive term, including the new divisions, each

diy provided with a new name—is most curiously illustrated in the

history of the word Physiology. Cicero says, ‘^Physiologia naturae

ratio, ” and such was the meaning of the name Physktlogus, given to

-a cyclopaedia of what was known and imagined about earth, sea, sky,

birds, beasts, and fishes, which for a thousand years was the authori-

tative source of information on these matters, and was translated into

•every European tongue. With the revival of learning, however, first

one and then another special study became recognized—anatomy,

botany, zoology, mineralogy, until at last the great comprehensive

term Physiology was bereft of all its once -included subject-matter,

excepting the study of vital processes pursued by the more learned

members of the medical profession. Professional tradition and an

astute perception on their part of the omniscience suggested by the

terms, have left the medical men in English-speaking lands in undis-

turbed hut illogical possession of the words physiology, physic, and
physician.

division or branch, which he called Articulata, including

the Arthropoda and the Chaetopoda (Annelides of Lamarck,
a name adopted by Cuvier), and dilfering from it only by
the inclusion of the Rotifera. The name Articulata, in-

troduced by Cuvier, has not been retained by subsequent
writers. The same, or nearly the same, assemblage of

animals has been called Entomozoaria by De Blainville

(1822), Arthrozoa by Burmeister (1843), Entomozoa or

Annellata by Milne-Edwards (1855), and Annulosa by
M‘Leay (1819), who was followed by Huxley (1856).

The character pointed to by all these terms is that of a
ring-like segmentation of the body. This, however, is

not the character to which we now ascribe the chief weight

as evidence of the genetic affinity and monophyletic (uni-

ancestral) origin of the Chsetopods, Rotifers, and Arthro-

pods. It is the existence in each ring of the body of a
pair of hollow lateral appendages or parapodia, moved by
intrinsic muscles and penetrated by blood-spaces, which is

the leading fact indicating the affinities of these great

sub -phyla, and uniting them as blood-relations. The
parapodia (Fig. 7) of the marine branchiate worms are

the same things genetically as the “legs” of Crus-

tacea and Insects (Figs. 9 and 10), Hence the term
Appendiculata was introduced by Lankester (preface to

the English edition of Gegenbaur’s Comparative Awjr
tomy, 1878) to indicate the group. The relationships

of the Arthropoda thus stated are shown in the sub-

joined table :

—

C Sub-phylum 1. Rotifera.

Phylum-AppENDrcuLATA-| „ 2. Chsetopoda.

( ,, 3. Arthropoda.

The Rotifera are characterized by the retention of what
appears in Molluscs and Chsetopods as an embryonic

organ, the velum or ciliated prseoral girdle, as a loco-

motor and food-seizing apparatus, and by the reduc-

tion of the muscular parapodia to a rudimentary or

non-existent condition in all present surviving forms

except Fedalion, In many important respects they are

degenerate— reduced both in size and elaboration of

structure.

The CH.aiTOPODA are characterized by the possession of

horny epidermic chsetae embedded in the integument and

moved by muscles. Probably the chsetae preceded the

development of parapodia, and by their concentration

and that of the muscular bundles connected with them at

the sides of each segment, led directly to the evolution

of the parapodia. The parapodia of Chsetopoda are

never coated with dense chitin, and are, therefore,

never converted into jaws; the primitive “head-lobe”

or prostomium persists, and frequently carries eyes and

sensory tentacles. Eurther, in all members of the

sub-phylum Chsetopoda the relative position of the

prostomium, mouth, and peristomium or first ring of the

body, retains its primitive character. We do not find in

Chsetopoda that parapodia, belonging to primitively post-

oral rings or body-segments (called “ somites,” as proposed
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by H. Milne-Edwards), x^ass in front of the mouth by
adaptational shifting of the oral aperture. (See, how-

ever, 8 .)

The Arthropoda might be better called the “ Gnatho-

poda,’' since their distinctive character is, that one or more

X)airs of appendages behind the mouth are densely chitin-

ized and turned (fellow to fellow on opposite sides) towards

one another so as to act as jaws. This is facilitated by an
important general change in the position of the parapodia 5

their basal attachments are all more ventral in position

than in the Chaetopoda, and tend to approach from the

two sides towards the mid-ventral line. Very usually (but

not in the Onychophora = Ferijpatus) all the parapodia are

plated with chitin secreted by the epidermis, and divided

into a series of joints— giving the “ arthropodous ” or

hinged character.

There are other remarkable and distinctive features of

structure which hold the Arthropoda together, and render
it impossible to conceive of them as having a polyphyletic

origin, that is to say, as having originated separately by
two or three distinct lines of descent from lower animals

;

and, on the contrary, establish the view that they have
been developed from a single line of primitive Gnatho-
pods which arose by modification of parapodiate annulate
worms not very unlike some of the existing Chsetopods.
These additional features are the following— (1 ) All
existing Arthropoda have an ostiate heart and have
undergone “phleboedesis,” that is to say, the peripheral
portions of the blood-vascular system are not fine tubes as
they are in the Chsetopoda and as they were in the hypo-
thetical ancestors of Arthropoda, but are swollen so as to
obliterate to a large extent the coelom, whilst the separate
veins entering the dorsal vessel or heart have coalesced,

leaving valvate ostia (see Fig. 1*) by which the blood passes
from a pericardial blood-sinus formed by the fused veins
into the dorsal vessel or heart (see Lankester's Zoology^ part
ii., introductory chapter. A. & C. Black, 1 900). The onlyex-
ception to this is inthe case of minute degenerate formswhere
the heart has disappeared altogether. The rigidity of the
integument caused by the deposition of dense chitin upon
it is intimately connected with the physiological activity
and form of all the internal organs, and is undoubtedly

Fig. 1*.—Diagram to show the gradual formation of the Arthropod pericardial
blood-sinus and “ostiate” heart by the swelling up (phlebcedesis) of the
veins entering the dorsal vessel or heait of a Chatopod-like ancestor. The
figure on the left represents the condition in a Chsetopod, that on the right
the condition in an Arthropod, the other two are hypothetical intermediate
forms. (After Lankester, J, K^c. 5a. vol. xxxiv. 1893.)

correlated with the total disappearance of the circular
muscular layer of the body-wall present in Chsetopods.

(
2) In all existing Arthropoda the region in front of the
mouth is no longer formed by the primitive prostomium or
head-lobe, but one or more segments, originally post-oral,
with their appendages have passed in front of the mouth
(prosthomeres). At the same time the prostomium and its
appendages cease to be recognizable as distinct elements of
the h^d. The brain no longer consists solely of the nerve-
ganglion-mass proper to the prostomial lobe, as in Ch©to-
ppda^ b)it is a composite (syncerebrum) produced by the

fusion of this and the nerve-ganglion-masses proper to the
prosthomeres or segments which pass forwards, whilst
their parapodia

(
= appendages) become converted into

eye-stalks, and antennae, or moie rarely grasping organs.

(3) As in Chaetopoda, coelomic funnels (ccelomoducts)

moby occur right and left as pairs in each ring -like

segment or somite of the body, and some of these are

in all cases retained as gonoducts and often as renal

excretory organs (green glands, coxal glands of Arach-
nida, not crural glands, which are epidermal in origin);

but true nephridia, genetically identical with the

nephridia of earthworms, do not occur (on the subject

of coelom, ccelomoducts, and nephridia, see the intro-

ductory chapter of part ii. of Lankester’s Treatise ati

Zoology).

Tabular Statement of the Grades^ Classes, and Sub-
classes of the Arthropoda.—^It will be convenient now to

give in the clearest form a statement of the larger sub-

divisions of the Arthropoda which it seems necessary

to recognize at the present day. The justification ot

the arrangement adopted will form the substance of the

rest of the present article. The orders included in the

various classes are not discussed here, but are treated of

under the following titles :

—

Peripatus (Onychophora),

Myriapoda (Diplopoda and Chilopoda), Arachnida,
Insecta (Hexapoda), and Crustacea.

Sub-Phylum ARTHROPODA (of the Phylum
Appendiculata).

Grade A. Hyparthropoda (hypothetical forms connecting an*

oestors of Chsetopoda with those of Arthropoda).
Grade B. Protarthropoda.

Class Onychophora,
Ex.

—

Peripatus.

Grade C. Enartliropoda.
Class 1. Diplopoda.

Ex.

—

Julus.
Class 2. Arachnida,

Grade a. Anomomeristica,
Ex.

—

PJiacops.

Grade h. Romomenstica.
(a) Pantopoda.

Ex.—Pycnogonum

.

(&) Euarachnidd.
Ex.

—

Limulus, Scorpio, Mygale, Acarus.
Class 3. Orttstacea.

Grade a.—Entomostraca.
Ex.

—

Apus, Branchipas, Qyclops, Balanus.
Grade h. Malacostraca.

^7L.—Pfebalia, Astacus, Oniscus, Gammarus.
Class 4. Chilopoda.

Ex.—Scolopendra.

Class 5. Hexapoda (syn. Inseota Ptexygota).

Ex.

—

Locusta, Phryganea, Papilio, Apis, Musca, GimeXp

Zumnus, MacJiihs.

Incertoe sedis—Tardigrada, Pentastomidse (degenerate forms).

The Segmentation of the Body ofArthropoda.—The body

of the Arthropoda is more or less clearly divided into a

series of rings, segments, or somites which can be shown

to be repetitions one of another, possessing identical parts

and organs which may be larger or smaller, modified in

shape or altogether suppressed in one somite as compared

with another. A similar constitution of the body is more

clearly seen in the Chsetopod worms. In the Vertebrata

also a repetition of units of structure (myotomes, vertebrse,

&c.)—^which is essentially of the same nature as the

repetition in Arthropods and Chsetopods, but in many

respects subject to peculiar developments—is observed.

The name “metamerism ” has been given to this structural

phenomenon because the “meres,” or repeated units, follow

one another in line. Each such “mere” is often caUed a

“metamere.” This is not the place in which to discuss

the origin and essential nature of “metamerism” or

“metameric segmentation.” Nevertheless, a satisfactory
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consideration of the structure of the Arthropoda demands a
knowledge of what may be called the laws of metamerism.
These are not so fully ascertained or formulated as might
be expected. The repetition of parts, which we note as
metamerism, is, as Haeckel, Bateson, and others have
lecognized, only a special case of a tendency of the organic
body to repetition of structural units or parts which finds

one expression in bilateral symmetry. In certain worms
(the Cestoidea and some Planarians) metameric segmenta-
tion is accompanied by the separation of the completed
metameres one by one from the older (anterior) extremity
of the chain (strobilation), but it by no means follows that
metameric segmentation has a necessary origin in such
completion and separation of the “meres.” On the
contrary, metamerism seems to arise from a property of
organisms which is sometimes more (eumerogenesis) and
sometimes less (dysmerogenesis) fully exhibited, and in

some groups not exhibited at all. The most complete and,

at the same time, simplest instances of metameric segmenta-
tion are to be seen in the larger Chsetopods, where some
hundreds of segments succeed one another—each practically

indistinguishable in structure from the segment in front or
from that behind

; muscles, right and left appendage or

parapodium, colour-pattern of the skin, gut, blood-vessels,

coelom, nephridia, nerve-ganglion, and nerves are precisely

alike in neighbouring segments. The segment which is

least like the others is the first, for that carries the mouth
and a lobe projecting beyond it—the prostomium. If (as

sometimes happens) any of the hinder segments completes
itself by developing a prostomium, the chain breaks at

that point and the segment which has developed a pro-

stomium becomes the first or head-bearing segment of a
new individual. Compare such an instance of metameric
segmentation with that presented by one of the higher

Arthropods— the crayfish. Here the somites are

not so clearly marked in the tegumentary structures;

nevertheless, by examining the indications given by
the paired parapodia, we find that there are twenty-
one somites present— a limited definite number which
is also the precise number found in all the higher

Crustacea.

We can state as a First Law ^ of metamerism or somite formation
that it is either indefinite in regard to number of metameres or
somites produced or is definite. Animals in the first case we call

anomomeristio
; those in the second case, nomomeristic. The

nomomeristic condition is a higher development, a specialization,

of the anomomeristic condition.

The Second Law, or generalization, as to metamerism which must
be noted is that the meres or somites (excepting the first with its pro-

stomium) may be all practically alike or may differ from one another
greatly by modification of the various constituent parts of the
mere or somite. Metamerized animals are either homoeomeric or

heteromeric. The reference to the variation in the form of the
essential parts contained in a “metamere” or “somite” introduces
us to the necessity of a general term for these constituent or
subordinate parts; they may be called “meromes”
The meromes present in a metamere or somite differ in different

annulate or segmented animals according to the general organiza-

tion of the group to which the animal belongs. As a matter
of convenience we distinguish in the Arthropod as meromes, fii'st,

the tegumentary chitinized plates called terga, placed on the
dorsal aspect of the somites ; second, the similar sternal plates.

In Chaetopods we should take next to these the masses of fiiroular

and longitudinal muscular fibres of the body-wall and the dorso-.

ventral muscles. The latter form the third sort of merome present
in the Arthropods. The fourth kind of merome is constituted by
the parapodia or appendages ; the fifth by the coelomic pouches
and their ducts ana external apertures (coelomo-ducts), whether
renal or genital. The sixth by the blood-vessels of the somite

;

the seventh by the bit of alimentary tract which traverses it;
and the eighth by the neuromere (nerve ganglion pair, commissures,
connectives, and nerve branches).

^ The word “Law” is used in this summary merely as a con-

venient heading for the statement of a more or less general pro-

position.

0 P O D A 691

It becomes apparent from this enumeration that there are a good
many impoitant elements or “ meromes ” in an Arthiopod metamere
or somite which can become the subject of lieteromensm or, to
use a moie apt word, of “heterosis.” It is all the more necessaiy
to insist upon this inasmuch as there is a tendency in the discus-
sion of the segmentation of the Arthiopod body to lely exclusively
upon the indications given by the tegumentaiy chitinous plates
and the parapodia.

The Third Law of metamerism is that heteiomerism may operate
in such a way as to produce definite legions of like modification of
the somites and their appendages, ditiering in their modification
from that observed in regions before and behind them. It is

convenient to have a special word for such regions of like meres, and
we call each a tagma (rayfia, a regiment). The word “ tagmosis

”

IS applicable to the formation of such regions. In the Chsetopods
tagmosis always occurs to a small extent so as to form the head.
In some Chsetopods, such as Ohsetopterus and the sedentary fonms,
there is marked tagmosis, giving rise to three or even more tagmata.
In Arthropods, besides the head, we find veiy frequently other
tagmata developed. But it is to be noted that m the higher
members of each great class or line of descent, the tagmosis becomes
definite and characteristic just as do the total nmn&r of meres or
somites, whilst in the lower grades of each gieat class we find what
may be regarded as varying examples of tentative tagmosis. The
terms nomotagmic and anomotagmic aie applicable with the
same kind of implication as the teims nomomeristic and anomo-
meiistic.

The Fourth Law of metamerism (auto-heterosis of the meromes)
is that the meromes of a somite or series of somites may be sepaiately
and dissimilarly affected by heteromerism. It is common enough
for small changes only to occur in the inner visceral meromes whilst
the appendages and terga or sterna are largely changed in foim.

But of equal importance is the independent “heterosis” of these
visceral meromes without any corresponding heterosis of the
body wall. As instances, we may cite the gizzards of various
earthwoims and the special localization of renal, genital, and
gastric meromes, with obliteration elsewheie, in a few somites in
Aithropoda.

The Fifth Law, relating also to the independence of the meromes
as compared with the whole somite, is the law of autoihythmus of
the meromes. Metamerism does not always manifest itself in the
formation of complete new segments; but one merome may be
repeated so as to suggest several metameres, whilst the remaining
meromes aie, so to speak, out of harmony with it and exhibit no
repetition. Thus in the hinder somites of the body of Apus the
Crustacean we find a series of segments corresponding apparently
each to a complete single somite, but wheu the appendages aie

examined we find that they have multiplied without relation to

the other meromes of a somite; we fina that the somites caiiy
from two to seven pairs of appendages, increasing in number as we
pass backwards from the genital segment. The aiipendages are

autorhythmic meromes in this case. They take on a quasi-

independent metamerism and are pioduced in numbers which have
no relation to the numbeis of the body-iings, muscles, and neuro-

meres. This possibility of the i7ide;pendent metameric multiplication

of a single merome must have great importance in the case of

dislocated meromes, and no doubt has application to some of the
metameiic phenomena of Vertebrates.

A case w'Mch appears at first sight to be one of “ autorhythmus
”

of the parapodia is that of the Diplopods (Julus, etc.), in which
each apparent somite cairies two pans of legs or parapodia. It

looks at fiist as though this were due to the independent multi-

plication of the legs ; but it is not. Contrary to what obtains in

Apns, we find in Julus that there is a well-marked somite in the

embryo corresponding to each pair of legs and that the adult

condition arises from a fusion of the tegumentary meromes of

adjacent somites (see below “Fusion”).
The Sixth Law is the law of dislocation of meromes. This is a

very important and striking phenomenon. A merome, such as a
pair of appendages (Aranese) or a neuromere or a muscular mass
(frequent), may (by either a gradual or sudden process, we cannot

always say which) quit the metamere to which it belongs, and in

which it originated, and pass by actual physical transference

to another metamere. Frequently this new position is at a

distance of several metameres from that to which the wander-

ing merome belongs in ori^n. The movement is more usual

from behind forwards than in the reverse direction; but this,

probably, has uo profound significance and depends simply on
: the fact that, as a rule, the head must be the chief region of

development on account ol its containing the sense organs and
the mouth.

In the Vertebrata the independence of the meromes is more fully

developed than in other metamerized animals, I^ot only do we
get auto-heterosis of the meromes on a most extensive scale, but

the dislocation of single meromes and of whole series (tamata) of

meromes is a common phenomenon. Thus, in fishes the pelvic

fins may travel forwards to a thoracic and even jugal position in
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front of the pectoral fins
;
the hranehiomeromes lose all relation to

the position of the meromes of muscular, skeletal, coelomic, and
nervous nature, and the heart and its vessels may move backwards
from their original metameres in higher Vertebrates carrying nerve-

loops with them.
The Seventh Law of metamerism is one which has been pointed

out to the writer by Mr. E. S. Goodrich of Merton College, Oxford.

It maybe called the law of “translation of heterosis.’* Whilst
actual physical transference of the substance of meiomes undeniably

takes place in such a case as tlie passage of the pelvic fins of some
fishes to the front of the pectorals, and in the case of the backward
movement of the opisthosomatic appendages of spiders, yet the

more frequent mode in which an alteration in the position of a

specialized organ in the series or soale of metameres takes place is

not by migration of the actual material organ from somite to somite,

but by translation of the quality or morphogenetic peculiarity from
somite to somite accompanied by coirelative change in all the
somites of the series. The phenomenon may be compared to the
transposition of a piece of music to a higher or lower key. It is

thus that the lateral fins of fishes move up and down the scale of

vertebral somites ; and thus that whole regions (tagmata), such as

those indicated by the names cervical, thoracic, lumbar, and sacral,

are translated (accompanied by terminal increase or decrease in the
total number of somites) so as to occupy differing numerical
positions in closely allied forms (cf. the varying number of cervical

somites in allied Reptiles and Birds).

What, in this rapid enumeration, we will venture to call the
Eighth Law of metamerism is the law of homceosis, as it is teimed
by Bateson (1). Homceosis is the making of a merome into the
likeness of one belonging to another metamere, and is the opposite

of the process of “heterosis”—already mentioned. We cite this

law heie because the result of its operation is to simulate the
occurrence of dislocation of meromes and has to be carefully dis-

tinguished from that process. A merome can and does in individual
cases of abnormality assume the form and character of the coire-

sponding merome of a distant somite. Thus the antenna of an
insect has been found to be replaced by a perfectly well-formed
walking leg. After destruction of the eye-stalk of a shrimp a new
gro^vth appears, having the form of an antenna. Other cases are
Irequent in Crustacea, as individual abnormalities. They prove the
existence in the mechanism of metamerized animals, of structural
conditions which are capable of giving these results. What those
structural conditions are is a matter for separate inquiry, which
we cannot even touch here. It is not improbable that homceosis of

distant meromes may have mven rise to permanent structural
changes characteristic of whole groups of Arthropoda, supposing
the abnormality once established to be favoured by natuial
selection. Possibly the chelate condition of the prtB-oral ap-
pendages of Arachnida may be due to homceosis transferring the
chelate form of post-oral limbs to what were previously antenni-
forra rami.

We now come to the questions of the production of new somites
or the addition of new somites to the series, and the converse prob-
lem of the suppression of somites, whole or partial. We state as
the Ninth Law of metamerism “that new somites or metameres
are added to a chain consisting of two or more somites by growth
and gradual elaboration—^what is called ‘ budding ’—of the anterior
border of the hindennost somite. This hindermost somite is there-
fore different from aU the other somites and is called the ‘telson.’
However long or short or heteromerized the chain may be, new
metameres or somites are only produced at the anterior border of
the telson, except in the Vertebrata. ” That is the general law. But
amongst some groups of metamerized animals partial exceptions
to it occm’. It is probably absolutely true for the Arthropoda
from lowest to highest. It is not so certain that it is true for the
Chsetopoda and would need modification in statement to meet the
cases of fissiparous multiplication occurring among Syllids and
Naidids. In the Vertebrata, where tagmosis and heterosis of
meromes and dislocation of meromes and tagmata are, so to speak,
rampant, new formation of metameres (at any rate as represented by
important meromes) takes place at more than one pointm the chain.
Such points are found where two highly diverse “tagmata” abut
on one another. It is possible, though the evidence at present is

entirely against the supposition, that at such points in Arthropoda
new somites may be formed.^ Such new somites are said to be
“intercalated.” The q^uestion of the intercalation of vertebrae in
the Vertebrata has received some attention. Itmust be remembered
that a vertebra even taken with its muscular, vascular and neural
accessories is only a partial metamere—a merome, and that, so far
as complete metameres are concerned, the Vertebrata do conform

^ The curious case of superabundant parapodia in the hinder
somites of Apus has already been cited and referred to as an example
of autorhythmic multiplication of meromes. There is some reason for
regard^g the extra pairs of legs as being “intercalated** after the
fcHcmataon of the somite as a single unit or merome by growth from the
teSson. Supposing, as appears to be the case, that as the Apus increases
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to the same law as the Arthropods. Intercalation of meromes
branchial, vertebral and dermal (lin-supportb) seems to have taken
place in Vertebrata in the fishes, while in higher groups intercala-
tion of vertebrse in large series has been accepted as the only possible
explanation of the struotmal facts established by the comparison of
allied groups. The elucidation of this matter forms a very impoit-
ant part of the work lying to the hand of the investigator of
vertebrate anatomy, and it is possible that the application of
Goodrich’s law (the seventh of our list) may throw new light on
the matter.

In regard to the diminution in the number of somites in the
course of the histoiical development of those various gioups
of metamerized animals, which have undoubtedly spruiio-

from ancestors with more numerous somites than they them*^
selves possess, it appears that we may formulate the following
laws as the tenth, eleventh, twelfth, and tliiiteentli laws of
metamerism.
The Tenth L is that individual somites tend to atiopliy and

finally disappear as distinct stiuctures, most readily at the anteiior
and the posterior ends of the series constituting an animal body.
This is veiy generally exhibited in the head of Arthropoda, wheie,
however, the opeiation of the law is largely modified by fusion (see

below). With regard to the posterior end of the body, the atrophy
of segments does not, as a rule, affect the telson itself so much as
the somites in fiont of it and its power of producing new somites.
Sometimes, however, the telson is very minute and nonchitinized
(Hexapoda).
The Eleventh Law may be stated thus : any somite in the

series which is the anterior or posterior somite of a tagma may
become atrophied, reduced in size, or partially aboited by the
suppression of some of its meromes ; and finally, such a somite
may disajipear and leave no obvious tiaee in the adult structuie
of its piesence in ancestral forms. This is called the excalation
of a somite. Frequently, however, such “excalated” somites aie

obvious in the embryo or leave some merome {c.g», neuromeie,
muscle, or chitin-plate) which can be detected by minute observa-

tion (microscopic) as evidence of their former existence. The
somite of the maxillipede (thiid post-oral appendage) of Apus
cancriformis is a good example of a somite on its way to excala-

tion. The third prse-oral and the prsemaxillaiy somites of Hexapod
insects are instances where the oiuy traces of the vanished somite
are furnished by the microscopic study of early embryos. The
prsegenital somite of the Arachnida is an example of a somite

which is preserved in some members of the group and partially or

entirely excalated in other cases, sometimes with fusion of its

remnants to neighbouring somites.

The Twelfth Law of metamerism might very well be placed m
logical Older as the first. It is the law of lipomerism, and asseits

that just as the metameric condition is pioduced by a change m
the bodies of the descendants of unisegmental aneestois, so highly

metameiized forms

—

i.e., strongly segmented forms with specialized

regions of differentiated metameres — may gradually lose their

metamerized structure and become apparently and practically

unisegmental animals. The change here contemplated is not the

atiophy of terminal segments one by one so as to reduce the size of

the animal and leave it finally as a single somite. On the contraiy,

no loss of size or of high organization is necessary. But one by
one, and gi-adually, the metamerio grouping of the bodily structures

disappears. The cuticle ceases to be thickened in rings— the

muscles of the body-wall overrun their somite boundaries. Internal

se^a disappear. The nerve - ganglia concentrate or else become
diffused equally along the cords ; one pair of renal coelomodncts

and one pair of genital coelomodncts grow to large size and remain—^the rest disappear. The appendages atrophy or become limited

to one or two pairs which are widely dislocated from their ancestral

position. The animal ceases to present any indication of metameiic

repetition of parts in its entire structure. Degrees in this process are

frequently to be recognized. We certainly can observe such a

change in the posterior region of some Arthropods, such as the

hermit-crabs and the spiders. Admitting that the Echiurids aie

descended from Chsetopoda, such a change has taken place in them,

amounting to little short of complete lipomerism, though not

absolutely complete.
Recent suggestions as to the origin of the Mollusca involve the

supposition that such an effacement of once well-marked meta-

merism has occurred in them, leaving its traces only in a few

structures such as the multiple gill-plumes and shell-shields of the

Chitons and the duplicated renal sacs of Nautilus.

A further matter of importance in this connexion is that when
the old metameres have been effaced a new secondary segmentation

in size, the number of extra pairs of legs on a non-terminal somite

increases in number, these added meromes ‘are certainly intercalated

and represent incomplete intercalated metameres. The intercalation

of new elements does not really go much further than this in Verte-

brata, for a vertebra with its myoskeletal tissues is only a merome and

not a complete metamere.
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may arise, as in the jointed womi-like body of the degenerate

Acarus, DemodexfoUiculoriim.
Such secondary annulatioii of the soft body calls to mind the

secondary annulation of the metameres of leeches and some earth-

worms. Space does not permit of moie than an allusion to this

subject ;
but it is woith while noting that the secondary annuli

marking the somites of Leeches and Lumbiicidie in dehnite number
and character are perhaps comparable to the redundant pairs of
appendages on the hinder somites of Apus, and are in both
cases examples of independent repetition of tegumentary meromes
—a sort of ineffectual attempt to subdivide the somite which
only prevails on the more -readily susceptible meromes of the
integument.

The development of secondary metameiic annulations witliin the
area of a complete somite is not lecoided among Arthropoda. It

deseives distinct recognition as “hypo-metamerism” or formation
of “somatidia.”

The last law of metameiism which we shall attempt to foimulate
here, as the THiiirEENrH, i elates to the fusion oi blending of neigh-
bouring somites. Theie are without doubt a laige number of
important generalizations, to be airived at hereafter fioni the
turther study of the metameiism of Vertebiata and the peculiai

phenomena exhibited by the dislocated meromes of the vertebrate^s

somites. But this is not the place in which to attempt an outline

of the special laws of vertebrate metamerism. Fusion of adjacent
somites has often been erroneously interpieted in the study of
Arthropoda. There aie, in fact, very varying degrees of fusion

which need to be caiefully distinguished. The following generaliza-

tion may be formulated. “The homologous meromes of two or
more adjacent somites tend to fuse with one another by a blending
of their substance. Very generally, but not invariably, the fused
meromes are found as distinct separated structures in the embryo
of the animal, in which they unite at a later stage of growth.

”

The fusion of neighbouiing meromes is often preceded by more or
less extensive atrophy of the somites concerned, and by anest of

development in the individual ontogeny. Thus, a case of fusion

of partially atrophied somites may simulate the appealance of
incipient merogenesis or formation of new somites, and, mce versd^

incipient merogenesis may be misinterpreted as a case of fusion of
once separate and fully-formed somites. Moreovei, the two pheno-
mena, merogenesis and fusion of meromes, actually occur side by
side in some cases as in the pygidial shields of the Trilobitse

and Limulus.
The most commonly-noted oases of fusion of metameres are simply

cases of the fusion of the tegumentary meromes—usually the teiga
only. Such a fusion has leally very serious morphological import-
ance, although superficial and readily acqmred. It amounts to
no more than the disposition of chitmous cuticle of equal thickness
over the area of the terga of the somites concerned instead of the
thinning of the cuticular deposit at the adjacent borders of the
somites. The somites consequently lose their hinge ; they can no
longer be flexed one on the other. Atrophy of the muscles related

to such flexure necessarily follow^s. The mesosomatic portion of
the posterior carapace of Limulus is no more than such a superficial

fusion : the other meromes of the ankylosed somites (appendages,

neuromeres, blood-vessels, &e.) are unaffected. Such, too, is

the case with the pygidial shields of many Trilobites. On the
other hand, the telson, which is joined in both these cases with
the superficially fused segments by a fusion of its chitinons

cuticle with that of its last-formed or budded somite, can only take
pait in the fusion as a result of arrest in its activity, which amounts
to a late supervening atrophy. This arrest of the telson ’s special

bud-growth may take place very early, in which case we get a large

telsonic shield and only a very few somites in front of it—^noiie

soldered to the telson as in Agnostus and Ilenus ; or it may take
place later when eight post-cephalic (opisthosomatic) somites have
been formed as in Limulus—^the last two incompletely. Or, again,

thirty or more somites may have been produced before the arrest

takes place and fifteen of these may be ankylosed with the telson

to form the pygidial shield (Phacops, &c.).

A more complete fusion of somites is that seen in the head of

Arthropoda. The head or prosoma of Arthropoda is a tagma con-

sisting of one, two, or three prosthomeres or somites in front of

the month and of one, two, three, up to five or six opistho-

meres. The cephalic tagma or prosoma may thus he more or
less sharply divided into two subtagmata, the prse-oral and the
post-oral.

The shifting of the month backwards in Arthropoda so as to

allow segments which once were post-oral to take up a prse-oral

position, as prosthomeres, must be regarded as a case of dislocation

of the meromes concerned (Sixth law), like the forward travelling of

a fish’s pelvic fins. The anus does not appear to be liable to such
dislocation in Arthropoda ; but it certainly does travel away from
its parental metamere in the Vertebrata, and may possibly do so

in Onsetopoda when what must be called “lipomerism” or general

obliteration of a metamerio ordering of parts sets in. Such
^Mipomensm” must be supposed to have affected the Chaetopod

ancestors ot the Sipunculids, if those latter woims are to be traced

genetically to the tormer, and the anus has slutted to the antenor
thud of the body. However that may be, the conception (first put
forward by Lankester in 1875, 2) oi the backward movement of the

mouth m Arthiopoda from the first somite to the second, third, oi

even fourth in the original post-oral senes, is not only justified by
embryological observation of the shifting m question, but hnmi
its parallel in other instances of the law of dislocation ot

meromes.
The fusion of the cephalic or prosomatic somites not only extends

to tegumentary structures but to muscles, blood - vessels, and
markedly to neuromeres. Howevei, in the embryo of many
Arthropoda the original neuiomeres ot the prae-oral somites can be
distinguished, and in many cases the ccelomic cavities. Also it is

a noteworthy fact that the tegumentary fusion (cephalic carapace,

piosomatic carapace) appears sometimes to break down secondarily

squilla among Ciustacea and G-aleodes and Taiassidae among
Arachnida). It appeals that we must recognize as a piinciple that
such fusions as the carapaces of Arthropoda can revert to the
condition of fiee movable plates—and theiefore we must not
assume that forms with fused tergal plates aie necessarily later,

genetically, than allied forms with tree movable tergal plates.

When such reversion to a movable seiies of dorsal plates occurs
it must not be assumed that any corresponding change takes place

in the deeper meromes. On the whole, fusion and ankylosis ofsomites
is not in itself necessarily a deep-seated or far-ieaching piocess.

It may or may not be accompanied by dislocation ot impoitant
meromes or by lipomensm ; whilst, as for instance in the opistho-

soma of the spiders, opiliones and acari, dislocation and lipo-

nierism may occur without fusion of tegumentary plates, and
with, on the contrary, a dwindling, and eventual atrophy of such
plates.

The general considerations as to metamerism set forth above will

enable us to pioceed to a consideration of the characteis which
distinguish the various groups of Arthropoda, and to justify the

classification with which we started.

The Theory of the Arthropod Head*—The arthropod

head is a tagma or group of somites which differ in

number and in their relative position

in regard to the mouth, in different

classes. In a simple Chaetopod (Tig.

1) the head consists of the first somite

only; that somite is perforated by the

mouth, and is provided with a pro-

stomium or prae-oral lobe. The pio-

stomium is essentially a part or out-

growth of the first somite, and cannot

be regarded as itself a somite. It

gives rise to a nerve-ganglion mass, the

prostomial ganglion. In the marine ^“ead regfon

Chaetopods (the Polychaeta) (Pig. 2), of an oiigochset ch»to-

we find the same essential structure, }um ; m, the mouth ; a,

but the prostomiim may give rise to

two or more tactile tentacles, and to r, ii, rii, coelom of the

the vesicular eyes. The somites have

well-marked parapodia, and the second rmh, sci voi.

and third, as well as the first, may ^

give rise to tentacles which are directed forward, and thus

contribute to form “ the head.” But the mouth remains

as an inpushing of the wall of the first somite.

The Arthropoda are all distinguished from the Chseto-

poda by the feet that the head consists of one or more
somites which lie in front of the mouth (now called pros-

thomeres), as well as of one or more somites behind it

(opisthomeres). The first of the post-oral somites invari-

ably has its parapodia modified so as to form a pair

of hemignaths (mandibles). Twenty-five years ago the

question arose as to whether the somites in front of the

mouth are to be considered as derived from the pro-

stomium of a Chsetopod-like ancestor. Milne-Edwarda
and Huxley had satisfied themselves with discussing and
establishing, according to the data at their command, the

number of somites in the Arthropod head, but had not
considered the question of the naUi/re of the prse-oral

somites. Lankester (2) was the first to suggest that (as is

actually the fact in the Nauplius larva of Crustacea) the

prae-oral somites or prosthomeres and their appendages
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were ancestrally post-oral, but have become prse-oral “ by

adaptational sfcfting of the oral aperture.” This has

proved to be a sound hypothesis and is now accepted as

the basis upon which the Arthropod head must be inter-

preted (see Korschelt and Heider (3)). Further, the

morphologists of the ^fifties appear, with few exceptions,

to have accepted a preliminary scheme with regard to the

Arthropod head and Arthropod segmentation generally,

which was misleading and caused them to adopt forced

conclusions and interpretations. It was conceived by
Huxley, among others, that the same number of cephalic

somites would be found to be char-

acteristic of all the diverse classes

of Arthropoda, and that the

somites, not only of the head but

of the various regions of the body,

could be closely compared in their

numerical sequence in classes so

distinct as the Hexapods, Crus-

taceans, and Arachnids.

The view which it now appears

necessary to take is, on the con-
pio. 2.-:~Diagram of the^ead trary, this—^viz., that all the Ar-

ciiaet chsetopod. Letters as thropoda are to be traced to a

ancestor resembling a
parapodium. (B^om Good- Chaetopod worm, but differing

from it in having lost its chsetae

and in having a prosthomere in front of the mouth (instead

of prostomium only) and a pair of hemignaths (man-
dibles) on the parapodia of the buccal somite. From this

ancestor Arthropods with heads of varying degrees of

complexity have been developed characteristic of the

different classes, whilst the parapodia and somites of the

body have become variously modified and grouped in

these different classes. The resemblances which the

members of one class often present to the members of

another class in regard to the form of the limb-branches

/rami) of the parapodia, and the formation of tagmata
(regions) are not hastily to be ascribed to common inherit-

ance, but we must consider whether they are not due to

homoplasy—^that is, to the moulding of natural selection

acting in the different classes upon fairly similar elements
under like exigencies.

The structure of the head in Arthropods presents three

profoundly separated grades of structure dependent upon
the number of prosthomeres which have been assimilated

by the prae-oral region. The classes presenting these
-distinct plans of head-structure cannot be closely associated
in any scheme of classification professing to be natural.

Peripatus, the type-genus of the class Onychophora, stands
at the base of the series with only a single prosthomere
(Fig. 3). In Peripatus the prostomium of the Chaetopod-
like ancestor is atrophied, but it is possible that two pro-
cesses on the front of the head (FP) represent in the
«embryo the dwindled prostomial tentacles. The single
prosthomere carries the retractile tentacles as its “parar
podia.” The second somite is the buccal somite (II, Fig.

3) ; its parapodia have horny jaws on their ends, like the
claws on the following legs (Fig. 8), and act as hemignaths
(mandibles). The study of sections of the embryo estab-
lishes these facts beyond doubt. It also shows us that
the neuromeres, no less than the embryonic ccelomic
-cavities, point to the existence of one, and only one,
prosthomere in Peripatus, of which the “Protocerebrum,”
P,.is the neuromere, whilst the Deuterocerebrum, D, is the
neuromere of the second or buccal somite. A brief in-
dication of these facts is given by saying that the Ony-
chophora are “ deuterognathous ”—^that is to say, that the
buccal somite carrying the mandibular hemignaths is the
.second of the whole series.

Unt

thomerous. m, Mouth
; I, coelom ot

the first somite which carries the
antennas and is in front of the mouth

;

II, ccBlom of the second somite which
carries the mandibles (hence deutero-
gnathous); III and IV, coelom of the
third and fourth somites

; rudi-
mentary frontal processes perhaps
representing tlie prostomial tentacles
of Polychaata ; Ant^ antenna or tactile
tentacle

;
Md, mandible

; oral
papilla

; P, protocerebrum or fore-
most cerebral mass belonging to the
first somite; D,denterocerebruni, con-
sisting of ganglion cells belonging to
the second or mandibular somite.
(After Goodrich.)

What has become of the nerve-ganglion of the pro-
stomial lobe of the Chaetopod in Peripatus is not clearly
ascertained, nor is its fate indicated by the study of the
embryonic head of other Ar-

thropods so far. Probably

it is fused with the Proto-

cerebnim, and may also be

concerned in the history of

the very peculiar paired

eyes of Peripatus, which are

like those of Chaetopods in

structure—^viz,, vesicles with

an intra-vesicular lens,

whereas the eyes of all other

Arthropods have essentially

pother structure, being 8._Di.gn«n of the head and ad.

“cups” of the epidermis, in

which a knob-like or rod-like

thickening of the cuticle is

fitted as refractive medium.
In Diplopoda (Julus, &c.)

the results of embryological

study point to a composi-

tion of the front part of the

head exactly similar to that

which we find in Onycho-
phora. They are deutero-

gnathous.

The Arachnida present the first stage of progress. Here
embryology shows that there are two prosthomeres (Fig, 4),

and that the gnathobases of the chelae which act as the

first pair of hemignaths, are carried by the third

somite. The Arachnida are therefore tritognathous. The
two prosthomeres are indicated by their coelomic cavities

in the embryo (I and II, Fig. 4), and by two neuromeres,

the Protocerebram and the Deuterocerebrum. The appen-

dages of the first prosthomere are not present as tentacles,

as in Peripatus and Diplopods, but are possibly represented

by the eyes or possibly alto-

A .
gether aborted. The appen-

^ dages of the second prostho-
' mere are the well-known

chelicerae of the Arachnids,

rarely, if ever, antenniform,

but modified as “retroverts”

or clasp-knife fangs in

spiders.

The Crustacea (Fig. 5)

and the Hexapoda (Fig. 6)

agree in having three somites

rr—'T

—

r r-- in front of the mouth, and
tnougn embryologically the append- ... -i i i xt. i ±
^es of somite II and the somite it IS probable, though not

tbeCHlo-
eye; Ch, chelicera; m, mouth; P, poda (Scolopendra, <fec.) are
protocerebrum;!), deuterocerebrum; • oqtyio ooaa TTip fbrpo
I, II, III, IV, ccElom of the first,

*™®®
second, third, and fourth somites, nrosthomeres or prse-oral
(After Goodrich.) ^

-x j* rn x ^ j
somites of Crustacea due to

the sinking back of the mouth one somite farther than in

Arachnida are not clearly indicated by coelomic cavities

in the embryo, but their existence is clearly established

by the development and position of the appendages and

by the neuromeres.

The eyes in some Crustacea are mounted on articulated

stalks, and from the fact that they can after injury be

replaced by antenna-like appendages, it is inferred that

they represent the parapodia of the most anterior pxo^

thomere. The second prosthomere carries the first pair

of antennae and the third the second pair of antennae.

Sometimes this pair of appendages has not a merely

tactile jointed ramus, but is converted into a claw or
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clasper. Three neuromeres—a proto-, deutero-, and trito-

cerebrum—corresponding to those three prosthomeres are

sharply marked in the embryo. The fourth somite is

that in which the mouth now opens, and which accord-

ingly has its appendages converted into hemignathous
mandibles. The Crustacea are tetartognathous.

The history of the development of the head has been
carefully worked out in the Hexapod insects. As in
Crustacea and Arachnida, a first prosthomere, is indicated

by the paired eyes and the protocerebrum; the second
prosthomere has a well-marked coelomic cavity, carries the
antennae, and has the deuterocerebrum for its neuromere.
The third prosthomere is represented by a well-marked

Fig. 5,—Diagram of the head of a Fia. 6.—Diagram of the head of a Hexa-
Crustacean. Triprosthoraerous. FP, pod insect, c, eye; ant, antenna;
frontal processes (observed in Cir- md, mandible

;
ml, first maTilla.

;

rhiped nauplius - larvae) probably mass, second maxilla; m, mouth; I,
representing the prostomial ten- region of the first or eye-bearing pros-
tacles of Chaetopods ; e, eye

; Ant\ thomere ; II, coelom of the second
first pair of antennae; second antenna -bearing prosthomere; III,
pair of antenme ; md, mandible ; coelom of the third prosthomere devoid
ml, m2, first and second pairs of of appendages ; IV, V, and VI, coelom
maxillae ; m, mouth ; I, II, and III, of the fourth, fifth, and sixth somites

;

the three prosthomeres ; IV, V, VI, P, protocerebrum belonging to the
the three somites following the first prosthomere

; D, deuterocerebrum
mouth ; P, protocerebrum ; D, belonging to the second prosthomere

;

deuterocerebrum; Tjtritocerebrum. T, tntocerebrum belonging to the
(After Goodrich.) third prosthomere. (After Goodrich.)

pair of coelomic cavities aud the tritocerebrum (HI,
Fig. 6), but has no appendages. They appear to have
aborted. The existence of this third prosthomere corre-

sponding to the third prosthomere of the Crustacea is a
strong argument for the derivation of the Hexapoda, and
with them the Chilopoda, from some offshoot of the

Crustacean stem or class. The buccal somite, with its

mandibles, is in Hexapoda, as in Crustacea, the fourth:

they are tetartognathous.

The adhesion of a greater or less number of somites to

the buccal somite posteriorly (opisthomeres) is a matter
of importance, but of minor importance, in the theory and
history of the Arthropod head. In Peripatus no such

adhesion or fusion occurs. In Diplopoda two opisthomeres

—that is to say, one in addition to the buccal somite

—

are united by a fusion of their terga with the terga of the

prosthomeres. Their appendages are respectively the

mandibles and the gnathochilarinm.

In Arachnida the highest forms exhibit a fusion of the

tergites of five post-oral somites to form one continuous

carapace united with the terga of the two prosthomeres.

The five pairs of appendages of the post-oral somites of

the head or prosoma thus constituted all primitively carry

gnathobasic projections on their coxal joints, which act

as hemignaths; in the more specialized forms the man-
dibular gnathobases cease to develop.

In Crustacea the fourth or mandibular somite never has
less than the two following somites associated with it by the

adaptation of their appendages as jaws, and the ankylosis

of their terga with that of the prosthomeres. But in

higher Crustacea the cephalic tagma ” is extended, and
more somites are added to the fusion, and their appendages
adapted as jaws of a kind.

Thj0 Hexapoda are not known to us in their earlier or

more primitive manifestations; we only know them as
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possessed of a definite number of somites arranged in
definite numbers in three great tagmata. The head shows
two jaw-bearing somites besides the mandibular somite
(V, VI, in Fig. 6)—thus six in all (as in some Crustacea),

including prosthomeres, all ankylosed by their terga to
form a cephalic shield. There is, however, good em-
bryological evidence in some Hexapods of the existence of
a seventh somite, the supra-lingual, occurring between the
somite of the mandibles and the somite of the first

maxillae (4). This segment is indicated embryologically by
its paired coelomic cavities. It is practically an excalated
somite, having no existence in the adult. It is probably
not a mere coincidence that the Hexapod, with its two
rudimentary somites devoid of appendages, is thus found
to possess twenty-one somites, including that which
carries the anus, and that this is also the number present
in the Malacostracous Crustacea.

The SegTnental Lateral Appendages or Limbs of Arthro-
poda.—It has taken some time to obtain any general

acceptance of the view that the parapodia of the Chseto-

poda and the limbs of Arthropoda are genetically identical

structures
;

yet if we compare the parapodium of

Tomopteris or of Phyllodoce with one of the foliaceous

limbs of Branchipus or Apns, the correspondences of the

two are striking. An erroneous view of the fundamental
morphology of the Crustacean limb, and consequently of

that of other Arthropoda, came into favour owing to
the acceptance of the highly modified limbs of Astacus as
typical. Protopodite, endopodite, exopodite, and epi-

podite were considered to be the morphological units

of the crustacean limb. Lankester (5) has shown (and
his views have been accepted by Professors Korschelt atfd

Heider in their treatise on Emh'yology) that the limb
of the lowest Crustacea, such as Apus, consists of a
corm or axis which may be jointed, and gives rise to

outgrowths, either leaf-like or filiform, on its inner and
outer margins (endites and exites). Such a corm (see

Figs. 9 and 10), with its outgrovrths, may be compared to

the simple parapodia of Chaetopoda with cirrhi and
branchial lobe (Fig. 7). It is by the specialization of two

Fig. 7.— Diagram of the somite - appendage or parapodium of a Folychaet
Cihsetopod. The chast® are omitted. Ax, the axis; wr.c, neuropodial
cirrhus

;
nr.U, nr.l^, neuropodial lohes or endites ;

nte, notopodial cirrhus ;

nt.V-, notopodial lobes or exites. The parapodium is represented with
its neural or ventral surface uppermost. Onginal.

“endites” that the endopodite and exopodite of higher

Crustacea are formed, whilst a flahelliform exite is the

homogen or genetic equivalent of the epipodite (see

Lankester, “ Observations and Reflections on Apus Cancri-

forinis,” Q. L Micr. Sci,), The reduction of the out-

growth-bearing “ corm ” of the parapodium of either a

Chaetopod or an Arthropod to a simple cylindrical stump,

devoid of outgrowths, is brought about when mechanical

conditions favour such a shape. We see it in certain
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Chaetopods HeP>ione) and in the Arthropod Peri-

jjatus (Fig. 8). The conversion of the Arthropod’s limb

into a jaw, as a rule, is effected by the development of an
endite near its base into a

hard, chitinized, and often

toothed gnathobase (see

Figs. 9 and 10, It is

not true that all the biting

processes of the Arthropod
limb are thus produced—^for

instance, the jaws of Peii-

patus are formed by the axis

or corm itself, whilst the

poison-jaws of Chilopods, as

also their maxillse, appear to

be formed rather by the apex

or terminal region of the

ramus of the limb
;
but the

opposingjaws ( ~ hemignaths)

of Crustacea, Arachnida, and
Hexapoda are gnathobases,

and not the axis or corm.

The endopodite (correspond-

ing to the fifth endite of the

limb of Apus, see Fig. 9)

becomes in Crustacea the

^‘walking leg” of the mid-

region of the body; it be-

comes the palp or jointed

Fig. S —Three homite- appendages or procesS of anterior segments.

two claws. B, an oral papilla, one . , , « « t

of the second pair of post -oral m tJie lOrm 01 a palp Or

^it“oX-paif’orappLd^e3
® In Apus, as the figure

mandibles; d\ cZ2, the greatly shows, theie are four of these

“anteuua-fike” palps or fiU-
neural or ventral surface uppei- ments On the first thoracic
most. Original. t -i a

limb. A common modifica-

tion of the chief ramus of the Arthropod parapodium
is the chela or nipper formed by the elongation of

the penultimate joint of the ramus, so that the last

joint works on it—as, for instance, in the lobster’s claw.

Such chelate rami or limb-branches are independently de-

veloped in Crustacea and in Arachnida, and are carried

by somites of the body which do not correspond in

position in the two groups. The range of modification of
which the rami or limb-branches of the limbs of Arthro-
poda are capable is very large, and in allied orders or even
families or genera we often find what is certainly the
palp of the same appendage (as determined by numerical
position of the segments)—^in one case antenniform, in
another chelate, in another pediform, and in another

Fio. 9.—^The second thoracic (fifth post-oral) appendage of the left side ofApm canGnfojvm, placed with its ventral or neural surface uppermost to
comi^re with Figs. 7 pd 8. 1, 2, The two segments of the axis ; the
gnathobase; e»a to eue, the five following “ endites " ; the flabellum or
antertor exite; the bract or posterior exite. (After Lankester, Q. J,
jMw. 5ci. vol. XXI. 1881.)

’ ^

reduced to a mere stump or absent altogether. Very
probably the power which the appendage of a given seg-
ment has of assuming the perfected form and proportions
previously attained by the appendage of another segment

must be classed as an instance of “homoeo&is," not only
where such a change is obviously due to abnormal develop-
ment or injury, but also where it constitutes a difference
permanently established between allied orders or smaller
groups, or between the two sexes.

The most extreme disguise assumed by the Arthropod
parapodium or appendage is that of becoming a mere

Fig. 10.—The first thoracic (fourth post-
01al) appendage of Apus cancnformis
(right side). AaA to the four seg-
ments of the axis with muscular bands

;

Eri^, gnathobase ; En'^ to the elon-
gated jointed endites (rami); En% the
rudimentary sixth endite (exopodite ot
higlier Crustacea) ; FZ, the flabellum
which becomes the epipodite of higher
forms ; Rr, the bract de\ oid of muscles
and respiratory xn function. (After
Lfankester, Q. J. Mvc. Su. \ol. xxi. 1881.)

stalk supporting an eye—a fact which did not obtain

general credence until the experiments of Herbst in 1895,

who found, on cutting off the eye-stalk of Palsemon, that

a jointed antenna-like appendage was regenerated in its

place. Since the eye-stalks of Podopthalmate Crustacea

represent appendages, we are forced to the conclusion

that the sessile eyes of other Crustacea and of other

Arthropoda generally, indicate the position of appendages

which have atrophied.^

From what has been said, it is apparent that we cannot,

in attempting to discover the affinities and divergences of

the various forms of Arthropoda, attach a very high

phylogenetic value to the coincidence or divergence in form

of the appendages belonging to the somites compared

with one another.

The principal forms assumed by the Arthropod parapodium and
its Iami may be thus enumerated :

—

(1) Axial corm well developed, unsegmented or with two to four

segments ;
lateral endites and exites (rami) numerous and of various

lengths (certain limbs of lower Crustacea).

(2) Conn, with short unsegmented rami, forming a flattened folia-

ceous appendage, adapted to swimming and respiration (trunk-

limbs of Phyllopods).

(3) Corm alone developed; with no endites or exites, but provi<^d

with terminal chitinons claws (ordinary leg of Peripatus), with

terminaljaw teeth (jaw of Peripatus), or with blunt extremity (oral

papilla of same) (see Pig. 8).

(4) Three of the rami of the primitive limb (endites 5 and 6,

and exite 1) specially developed as endopodite, exopodite, and
epipodite—^the first two often as firm and strongly chitinized,

segmented, leg-like structures ; the original axis or corm reduced to

a basal piece, with or without a distinct gnathobase (endite 1)

—^typical tri-ramose limb of higher Crustacea.

^ H. Milne-Edwards, who was followed by Huxley, long ago formu-

lated the conclusion that the eye-stalks of Crustacea are modified ap-

pendages, basing his argument on a specimen of Palinurus (figured in

Bateson's book (1), in which the eye-stalk of one side is replaced by

an antenniform p^p. Hofer (6) in 1894 described a similar case i*

Astacus.
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(5) One ramus (the endopodite) alone developed—the original

axis or corm serving as its basal joint with or without
gnathobase. This is the usual uni-ramose limb found in the
various classes of Arthropoda. It varies as to the piesence or
absence of the jaw-process and as to the stoutness of the segments
of the ramus, their number (frequently six, plus the basal corm), and
the modification of the free end. This may be filifoim or brush-
hke or lamellate when it is an antenna or palp

; a simple spike
(walking leg of Crustacea, of other aquatic foims, and of Chilopods
and Diplopods) ;

the terminal joint flattened (sw-imming leg of

Cnistacea and Gigantostraqa)
; the terminal joint provided with

two or with three recurved claws (walking leg of many teiiestrial

forms—e g.^ Hexapoda and Arachnida)
; the penultimate joint with

a process equal in length to the last joint, so as to foim a nipping
organ (chelfe of Crustaceans and Arachnids) ; the last joint reflected

and movable on the penultimate, as the blade of a clasp-knife on
its handle (the retrovert, toothed so as to act as a biting jaw in
the Hexapod Mantis, the Crustacean Squilla, and others

; w’lth the
last joint produced into a needle-like stabbing process in spideis).

(6) Two rami developed (usually, but perhaps not always, the
equivalents of the endopodite and exopodite) supported on the
somewhat elongated coim (basal segment). This is the typical
“biramose limb” often found in Cnistacea. The rami maybe
flattened for swimming, when it is “a biramose swimmeret,” or
both or only one may be filiform and finely annulate ; this is the
form often presented by the antennae of Crustacea, and rarely by
prse-oral appendages in other Arthropods.

(7) The endopoditic ramus is greatly enlarged and flattened,

without or with only one jointing, the corm (basal segment) is

evanescent; often the plate-like endopodites of a pair of such
appendages unite in the middle line with one another or by the in-

termediary of a sternal up-growth and form a single broad plate.

(These are the plate-like swimmerets and opercula of Gigantostraca
and Limulus among Arachnids and of Isopod Crustaceans. They
may have rudimentary exopodites, and may or may not have
biaiichial filaments or lamellae developed on their posterior faces.

The simplest form to which they may be ieduced is seen in the
genital operculum of the Scorpion).

(8) The gnathobase becomes greatly enlarged and not separated

by a joint from the corm ; it acts as a hemignath or half-jaw
working against its fellow of the opposite side. The endopodite
may be retained as a small segmented palp at the side of the

S
iathobase or disappear (mandible of Crustacea, Chilopoda, and
exapoda).

(9)

The corm becomes the seat of a development of a special

visual organ, the Arthropod eye (as opjDOsed to the Chaetopod eye).

Its jointing (segmentation) may be retained, but its rami disappear
(Podophthalmous Crustacea). Usuallyit becomes atrophied, leavmg
the eye as a sessile organ upon the prae-oral region of the body.
(The eye-stalk and sessile lateral eyes of Arthropoda generally,

exclusive of Peripatus).

(10)

The forms assumed by special modification of the elements
of the parapodium in the maxillae, labium, &c., of Hexapods,
Chilopods, Diplopods, and of various Crustacea, deserve special

enumeration, but cannot be dealt with without ample space and
illustration.

It may be pointed out that the most radical difference presented
in this list is that between appendages consisting of the coim alone
without rami (Onychophora) and those with more or less developed
rami (the rest of the Arthropoda). In the latter class we should
distinguish three phases

:
(a) those with numerous and compara-

tively undeveloped rami; {b) those with three, or two highly
developed rami, or with only one—the corm being reduced to the
dimensions of a mere basal segment ; (c) those reduced to a secondary
simplicity (degeneration) by overwhelming development of one
segment (e.g., the isolated gflathobase often seen as mandible”
and the genital operculum).

There is no reason to suppose that any of the forms of limb
observed in Arthropoda may not have been independently developed
in two or more separate diverging lines of descent.

JBranchice.—In connexion with the discussion of the limbs of

Arthropods, a few words should be devoted to the gill-processes.

It seems probable that there are branchial plumes or filaments in
some Arthropoda (some Crustacea) which can be identified with
the distinct branchial organs of Chsetopoda, which lie dorsad of the
parapodia and are not part of the parapodium. On the other hand,
we cannot refuse to admit that any of the processes of an Arthro-
pod parapodium may become modified as branchial organs, and
that, as a rule, branchial out-growths are easily developed, de novo,

in all the higher groups of animals. Therefore, it seems to be,

with our present knowledge, a hopeless task to analyse the
branchial organs of Arthropoda and to identify them genetically in
groups.

A brief notice must suffice of the structure and history

of the JEJyes, the Trobchece, and the so-called Malpighian
tubes of Arthropoda, though special importance attaches
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to each in regard to the determination of the affinities of

the various animals included in this great sub-phylum.
The Eyes,—The Arthropod eye appears to be an organ of

special character developed in the common ancestor of the
Euarthropoda, and distinct from the Chaetopod eye, which
is found only in the Onychophora where the true Arthropod
eye is absent. The essential difference between these two
kinds of eye appears to be that the Ch^topod eye (in its

higher developments) is a vesicle enclosing the lens,

whereas the Arthropod eye is a pit or series of pits into

which the heavy chitinous cuticle dips and enlarges knob-
wise as a lens. Two distinct forms of the Arthropod eye
are observed—the monomeniscous (simple) and the poly-

meniscous (compound). The nerve-end-cells, which lie

below the lens, are part of the general epidermis. They
show in the monomeniscous eye (see article Arachnida,
Fig. 26) a tendency to group themselves into “retinulse,”

consisting of five to twelve cells united by vertical deposits

of chitin (rhabdoms). In the case of the polymeniscous
eye (Fig. 23, article Arachnida) a single retinula or

group of nerve-end-cells is grouped beneath each associated

lens. A further complication occurs in each of these two
classes of eye. The monomeniscous eye is rarely provided

with a single layer of cells beneath its lens
;
when it is

so, it is called monostichous (simple lateral eye of Scorpion,

Fig. 22, article Arachnida). More usually, by an infold-

ing of the layer of cells in development, we get three

layers under the lens; the front layer is the corneagen

layer, and is separated by a membrane from the other

two which, more or less, fuse and contain the nerve-end-

cells (retinal layer). These eyes are called diplostichous,

and occur in Arachnida and Hexapoda (Fig. 24, in article

Arachnida).
On the other hand, the polymeniscous eye undergoes

special elaboration on its lines. The retinulje become
elongated as deep and very narrow pits (Fig, 11 and

Fio. 11.—Diagram to show the cle-

nvation of the unit or *‘om-
luatidium® of the compound eye
of Crustacea and He'^apoda, C,
from a simple monomeniscous
monostichous eye resembling tlie

lateral eye of a Scoipion, A, or
the unit of the compound lateral

eye ofLimulus (see article Arach-
KiPA, Figs. 22 and 28). B repre-
sentsan intermediate hypothetical
form in which the cells beneath the
lens are beginning to be super-
imposed as corneagen, vitrella,

and retinula, instead of standing
side by side in horizontal senes.
The black i epresents the cuticular
product of the epidermal cells

of the ocular area, taking the
fonn either of lens, ci5, of crys-
talline body, cry, or of rhabdoin,
rfeot, Ay, hypodermis or epi-
dermal ceUs ;

corni, laterally-
placed cells m the simpler stage, A, which like the nerve-end cells, vifi- and
refi, are corneagens or lens-producing

,
cor/t, speciahzed corneagen or lens-

producing cells ; vit\ potential vitrella cells with cryi, potential crystalline
body now indistinguishable from retinula cells and rhabdomeres ,* mt,
vitrella cell with cry, its contained cuticular product, the crystalline cone or
body ;

refl, rftabi, retinula cells and rhabdom of scorpion undifferentiated
from adjacent cells, wfi ; ret, retinula cell ; rhah, rhabdom ; vf, optic nerve-
fibres. (Modified from Watase.)

explanation), and develop additional cells near the moutb
of tbe narrow pit. Those nearest to the lens are the cor-

neagen cells of this more elaborated eye, and those between
tbe original retinula cells and the corneagen cells become
firm and transparent. They are the crystalline cells or

vitrella (see Watase, 7). Each such complex of cells

underlying the lenticle of a compound eye is called an
“ ommatidium ”

;
the entire mass of cells underlying a

monomeniscous eye is an “ ommatseum.” The ommatgeum,
as already stated, tends to segregate into retinulse which
correspond potentially each to an ommatidium of the

compound eye. The ommatidium is from the first

segregate and consists of few cells. The compound eye

S. L— 88
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of the King-Crab (Limulus) is the only recognized

instance of ommatidia in their simplest state. Each can

be readily compared with the single-layered lateral eye of

the Scorpion. In Crustacea and Hexapoda of all grades

we find compound eyes with the more complicated omma-
tidia described above. We do not find them in any

Arachnida.

It is difiicult in the absence of more detailed knowledge

as to the eyes of Chilopoda and Diplopoda to give full

value to these facts in tracing the affinities of the various

classes of Arthropods. But they seem to point to a

community of origin of Hexapods and Crustacea in regard

to the complicated ommatidia of the compound eye, and

to a certain isolation of the Arachnida, which are, however,

traceable, so far as the eyes are concerned, to a distant

common origin with Crustacea and Hexapoda through the

very simple compound eyes (monostichous, polymeniscous)

of Limulus.

The Tracheae,—^In regard to tracheae the very natural

tendency of zoologists has been until lately to consider them
as having once developed and once only, and therefore to

hold that a group “Tracheata’’ should be recognized,

including all tracheate Arthropods. We are driven by
the conclusions arrived at as to the derivation of the

Arachnida from branchiate ancestors, independently of the

other tracheate Arthropods (see article Arachnida), to

formulate the conclusion that tracheae have been inde-

pendently developed in the Arachnidan class. We are

also, by the isolation of Peripatus and the impossibility of

tracing to it all other tracheate Arthropoda, or of regarding

it as a degenerate offset from some one of the tracheate

classes, forced to the conclusion that the tracheae of the

Onychophora have been independently acquired. Having
accepted these two conclusions, we formulate the generaliza-

tion that tracheae can be independently acquired by various

branches of Arthropod descent in adaptation to a terrestrial

as opposed to an aquatic mode of life. A great point of

interest therefore exists in the knowledge of the structure

and embryology of tracheae in the different groups. It

must be confessed that we have not such full knowledge
on this head as could be wished for. Tracheae are essen-

tially tubes like blood-vessels—apparently formed from
the same tissue elements as blood-vessels—which contain

air in place of blood, and usually communicate by definite

orifices, the tracheal stigmata, with the atmosphere.

They are lined internally by a cuticular deposit of chitin.

In Peripatus and the Diplopods they consist of bunches of

fine tubes which do not branch but diverge from one
another

; the chitinous lining is smooth. In the Hexapods
and Chilopods, and the Arachnids (usually), they form tree-

like bVanching structures, and their finest branches are

finer than any blood - capillary, actually in some cases

penetrating a single cell and supplying it with gaseous
oxygen. In these forms the chitinous lining of the tubes
is thickened by a close-set spiral ridge similar to the spiral

thickening of the cellulose wall of the spiral vessels of

plants. It is a noteworthy fact that other tubes in these

same terrestrial Arthropoda—namely, the ducts of glands

—

are similarly strengthened by a chitinous cuticle, and that

a spiral or annular thickening of the cuticle is developed
in them also. Chitin is wai exclusively an ectodermal
product, but occurs also in cartilaginous skeletal plates

of mespblastic origin (connective tissue). The immediate
cavities or pits into which the tracheal stigmata open
appear to be in many cases ectodermic in sinkings, but
there seems to be no reason (based on embryological
observation) for regarding the tracheae as an ingrowth of
the ectoderm. They appear, in fact, to be an air-holding

modi'fication of the vasifactive connective tissue. Tracheae^ abundant just in proportion as blood-vessels become
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suppressed. They are reciprocally exclusive. It seems
not improbable that they are two modifications of the
same tissue-elements. In Peripatus the stigmatic pits at
which the tracheae communicate with the atmosphere are
scattered and not definite in their position. In other cases

the stigmata are definitely paired and placed in a few
segments or in several. It seems that we have to suppose
that the vasifactive tissue of Arthropoda can readily take
the form of air-holding instead of blood-holding tubes, and
that this somewhat startling change in its character has
taken place independently in several instances—viz., in

the Onychophora, in more than one group of Arach-
nida, in Diplopoda, and, again, in the Hexapoda and
Chilopoda.

The Malpighian Tubes,—This name is applied to the

numerous fine csecal tubes of noticeable length developed
from the proctodseal invert of ectodermal origin in Hexa-
pods. These tubes are shown to excrete nitrogenous waste
products similar to uric acid. Tubes of renal excretory

function in a like position occur in most terrestrial Arthro-

poda—viz., in Chilopoda, Diplopoda, and Arachnida. They
are also found in some of the semi-terrestrial and purely

aquatic Amphipod Crustaceans. But the conclusion that

all such tubes are identical in essential character seems to

be without foundation. The Malpighian tubes of Hexapods
are outgrowths of the proctodaeum, but those of Scorpion

and the Amphipod Crustacea are part of the metenteron or

endodermal gut, though originating near its junction with

the proctodseum. Hence the presence or absence of such

tubes cannot be used as an argument as to affinity with-

out some discrimination. The Scorpion’s so - called

Malpighian tubes are not the same organs as those so

named in the other Tracheata. Such renal caecal tubes

seem to be readily evolved from either metenteron or

proctodseum when the conditions of the out-wash of nitro-

genous waste-products are changed by the transference

from aquatic to terrestrial life. The absence of such

renal caeca in Limulus and their presence in the terrestrial

Arachnida is precisely on a parallel with their absence

in aquatic Crustacea and their presence in the feebly

branchiate Amphipoda.
We shall now pass the groups of the Arthropoda in

review, attempting to characterize them in such a way as

will indicate their probable affinities and genetic history.

Sub-Phylum ARTHROPODA. — The characters of the sub-

phylum and those of the associated sub-phyla Chsetopoda and Roti-

tera, have been given above, as well as the general characters of

the phylum Appendiculata which comprises these great sub-phyla.

Grade A.

—

Hyparthropoda.

Hypothetical forms.

Grade B.

—

^Protarthxopoda.

{a) The integument is covered by a delicate soft cuticle (not firm

or plated) which allows the body and its appendages great range of

extension and contraction.

(6) The paired claws on the ends of the parapodia and the fang-

like modifications of these on the first post-oral appendages (man-

dibles) are the only hard chitinous portions of the integument.

(c) The head is deuterognathous—^that is to say, there is only

one prosthomere, and accordingly the first and only pair cf hemi-

gnaths is developed by adaptation of the appendages of the second

somite.

(d) The appendages of the third somite (second post-oral) are

clawless oral papillse.

(e) The rest of the somites carry equi-formal simple appendages,

consisting of a corm or axis tipped with two chitinous claws and

devoid of rami.

(/) The segmentation of the body is anomomeristic, there being

no fixed number of somites characterizing all the forms included.

(g) The pair of eyes situated on the prosthomere are not of the

Euarthropod type, but resemble those of Cheetopods (hence Nereid-

ophthalmous).
(h) The muscles of the body-wall and gut do not consist of trans-

1

versely-striped muscular fibre, but of the unstriped tissue observed

i also in Chaetopoda.
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t i) A pair of ccelomoducts is developed in every somite including

the prostliomere, in which alone it atrophies in later development.

(j) The ventral nerve-cords are widely separated—in fact, lateral
in position.

(^) There are no masses of nerve-cells forming a ganglion (neuro-
niere) in each somite. (In this respect the Protarthropoda are at
a lower stage than most of the existing Clifetopoda.)

(I) The genital ducts are formed by the enlaigement of the
ccelomoducts of the penultimate somite.

Class (Unica).

—

Onychophoha.
With the characters of the grade : add the presence within the

body of fine unbranched tracheal tubes, devoid of spiral thickening,
opening to tlie exterior by numerous irregularly scattered tracheal
pits.

Genera—Eoperipatus, Peripatopsis, Opisthopatus, &c.

Glade C (of the Arthropoda).—Euarthropoda.
(ft) Integument lieavily plated with firm chitinous cuticle, allow-

ing no expansion and retraction of regions of the body nor change
of dimensions, excejit, in some cases, a dorso-ventral bellows move-
ment. The separation of the heavier plates of chitin by grooves of
delicate cuticle restiits in the hinging or jointing of the body and
its appendages, and the consequent flexing and extending of the
jointed pieces.

(&) Claws and fangs are developed on the branches or rami of the
parapodia, not on the end of the axis or corm.

(c) The head is either deuterognathous, tritognathous, or tetar-
tognathous.

(d) Rarely only one, and usually at least two, of the somites
following the mandibular somite carry appendages modified as Jaws
(with exceptions of a secondary origin).

(e) The rest of the somites may all ca,rry appendages, or only a
limited number may carry appendages. In all cases the append-
ages piimarily develop rami or branches which form the limbs,
the primitive axis or corm being reduced and of insignificant size.

In the most piimitive stock all the post-oral appendages had
gnathohasic outgrowths.

(/) The segmentation of the body is anomomeristic in the more
archaic membeis of each class, nomomeristic in the higher members.

(^) The two eyes of Chiietopod stnictnre have disappeared, and
are replaced by the Euarthropod eyes.

(h) The mxiscles in all parts of the body consist of striped mus-
cular fibre, never of nnstri2)ed muscular tissue.

(z) The ccelomoducts are suppressed in most somites, and retained
only as the ^single pair of genital ducts (very rarely more numerous)
and in some also as the excretoiy glands (one or two pairs).

(J) The ventral nerve-cords approach one another in the mid-
ventral line behind the mouth.

(^) The nerve-cells of the ventral nerve cords are segregated as
paired ganglia in each somite, often united by meristic dislocation
into composite ganglia.

(Z) The genital ducts may be the ccelomoducts of the penultimate
or antepenultimate or adjacent somite, or of a somite jdaced near
the middle of the series, or of a somite far forward in the series.

Class 1 (of the Euarthropoda).

—

Diplopoda.
The head has hut one prosthoinere (monoprosthomei’ous), and is

accordingly deuterognathous. This carries short-jointed antennae
(in one case biramose) and eyes, the stnzcture and development of
^yhich require further elucidation. Only one somite following the
first post-oral or mandibular segment has its appendages modified
as jaws.

The somites of the body, except in Paui'opus, either fuse after
eaily development and form double somites with two pairs of
ai)pendages (Julus, &c.), or present legless and leg-bearing
somites alternating.

Somites,^ anomomeristic, from 12 to 150 in the post-cei)halio series.

The genital ducts open in the fourth, or between the fourth and
fifth post-oral somite.

Tciyestiial forms with small-jointed legs formed by adaptation
of a single ramus of the appendage. TrachejE are present.—^The Diplopoda include the Jnlifomiia, the Symphyla
(Seolopendrella), and Panropoda (Pauropus). They were until
recently classified with the Chilopoda (Centipedes), with which
they have no close affinity, but only a superficial resemblance.
(Compare the definition of the class Chilopoda.

)

The movement of the legs in Diplopoda is like that of those of
Peripatus, of the Phyllopod Crustacea, and of the Parapodia of
Chretopoda, symmetrical and identical on the two sides of the
body. The legs of Chilopoda move in alternating groups on the
two sides of the body. This implies a very much higher develop-
ment of nerves and muscles in tlie latter.

Class 2 (of the Euartliropoda).—^Ahachkida.

Head tritognathous and diprosthomcrons—^that is to say, with
two prostliomeres, the first hearing typical eyes, the second a pair
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of appendages reduced to a single ramus, which is in more prinii-
tive fomis aiiteiiniform, in higher forms chelate or retroveri. Tlie
ancestral stock was panto-gnathobasic

—

i.e.j had a giiathohase or
jaw process on every parapodium. As many as six pans of ap-
pendages following the mouth may liave an enlarged gnathohase
actually functional as a jaw or hemignatli, hut a ramus is well
developed on each of these appendages either as a simple walking
leg, a palp, or a chela. In the more jirimitive forms the appendage
of every post-oral somite has a gnathohase and two rami ; in higher
specialized forms the gnathohascs may be atropliied in every
appendage, even in the first post-oral.
The more^ pxiniitive foinis are anomomeristic ; the higher forms-

nomomeristic, shelving typically three gi’oujis or tagmata of six
somites each.

The genital apertm'es are placed on the first somite of the second
ta^na^ or mesosoma. Their position is unknown in the more
primitive forms. The more primitive forms have branchial re-
spiratory processes developed on a ramus of each of the post-oral
appendages. In higher specialized forms these branchial processes
become fimt of all limited to five segments of the mesosoma, then
sunk beneath the surface as pulmonary organs, and finally atrophied,
their place being taken by a well-develoiied tracheal system.
A character of great diagnostic value in the more primitive

Arachnida is the tendency of the chitinous investment of the
tergal surface of the telsoii to unite during growth with that of
the free somites in front of it, so as to form a jiygidial shield or
posterior carapace, often comprising as many as fifteen somites
(Trilobites, Limulus).
A pair of central monomeniscous diplostichous eyes is often

present on^ the head. Lateral eyes also are often present which
are monostichous with aggregated lenses {Limulzcs) or with isolated
lenses (Scorpio), or are diplostichous with simple lens {FedijpcLljaij

Aranese, etc.

Class 3 (of the Euarthropoda).

—

Ckustacea.

Head tetartognathous and triprosthomerous—that is to say, with
-three prostliomeres : the first bearing typical eyes, the second a
pair of antenniform appendages (often hiramose), the third a pair
of appendages usually antenniform, sometimes claw -like. The
ancestral stock was (as in the Arachnida) pantogiiathobasic, that
is to say, had a gnathohase or jaw-process on the base of every
post-oral appendage.

Besides the first post-oral or mandibular pair, at least two succeed-
ing -gaivs of a^ipendages are modified as jaws. These have small
and insignificant rami, or none at all, a feature in which the
Arachnida ditfer from them. The ai>pendages of four or more
additional folloudng somites may be turned up^vards towards the
month and assist in the taking of food.

The more primitive forms (Entomostiaca) are anomomeristic,
presenting ^eat variety as to number of somites, form of appendages,
and tagmatic grouping ; the higher forms (Malacostraca) are nomo-
meristic, showing in front of the telson twenty somites, of which the-
six hinder carry swimmerets and the five next in front ambulatory
limbs. The genital apertures are neither far forwaid nor far
backward in the series of somites, e.g., on the fourteenth post-oral in
Apus, on the ninth post-oral in female Astacus and in Cyclops.
With lare exceptions, branchial plates are developed either hy

modification of a ramus of the limbs or as processes on a ramus, or
upon the sides of the body. No tracheate Crustacea are known,
but some terrestrial Isopoda develop pulmonary in-sinkings of the
integument. A characteristic, comparable in value to that i)resented
by the pygidial shield of Amchnida, is the frequent development
of a pair of long appendages by the penultimate somite, which with
the telson form a trifid, or, when that is small, a bifid termination
to the body.
The lateral eyes of Crustacea are polymeniscous, with highly

specialized retinulfe like those of Hexapoda, and unlike the simjfier
compound lateral eyes of lower Arachnida. Monomeniscous eyes
are rarely present, and w’hen present, single, minute, and central m
position.

AZbfe,—^The Crustacea exhibit a longer and more complete series

of forms than any other class of Arthro])oda, and may he regarded
as preserving the most completely represented line of descent.

Class 4.—Chilopoda.

Head triprosthomerous^ and tetartognathous. The two somites
following the mandibular or first ixost-oral or buccal somite carry

1 Embryological evidence of this is still wanting. In the other
classes of Arthropoda we have more or less complete embryological
evidence on the subject. It appears from observation of the embryo
that whilst the first prosthomere of Centipedes has its appendages
reduced and represented only by eye -patches (as in Arachnida,
Crustacea, and Hexapoda), the second has a rudimentary antenna^
which disappears, whilst the third carries the permanent antennee,

which accordingly correspond to the second antennae of Crustacea, and
are absent in Hexapoda.
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appendages modified as maxillce. The fourth post-oral somite Has

its appendages converted into very large and powerful heniignatlis,

which are provided with poison-glands. The remaining somites

carry single - clawed walking legs, a single pair to each somite.

The body is anomomeiistic, showing in different genera from 17

(inclusive of the anal and genital) to 175 somites behind that which

bears the poison-jaws. No tagmata are developed. The genital

ducts open on the penultimate somite.

Trachere aie developed which are dendriform and "with spiral

thickening of their lining. Their trunks open at paired stigmata

placed laterally in each somite of the trunk or in altcniate somites.

Usually the tracheie open by paired stigmata placed upon the sides

of a gi eater or less number of the somites, but never quite I'egnlarly

on alteinating somites. At most they are present on all the

pedigerous somites excepting the first and the last. In Sc'itiigera

there are seven unpaired doisal stigmata, each leading into a sac

whence a number of air-holding tubes project into the peiicardial

blood-sinus.

Renal eiecal tubes (Malpighian tubes) open into the proetodfenm.
|

Class 5.

—

HexapodA.
i

I

Head shown by its early development to be triprosthomerous

and consequently tetartognathous. The first prosthomere has its

appendages represented by the compound eyes and a piotocerebrnm,

the second has the antennfe for its ajipendages and a deutocerebial

neuromere, the third has suffered suppression of its a^rpendages

(Avhich corresponded to the second pair of antennee of Crustacea),

but has a tritocerebinm and coeloniic chamber. The mandibular
somite bears a pair of gnathobasic heniignaths without rami or

palps, and is followed by two jaw-bearing somites (maxillaiy and
labial). This enumeration would give six somites in all to the

head—^three prosthomeres and three opisthomeres. Becent investi-

gations (Folsom, 4) show the existence in the embryo of a prfe-

maxillary or supra - lingual somite which is suppressed during

development. This gives seven somites to the Hexapod’s head, the

tergites of which are fused to form a cephalic carapace.or box.

The number is significant, since it agrees mth. that found in

Edriophthalmous Crustacea, and assigns the labium of the Hexapod
to the same somite numerically as that which carries the labium-
like maxillipedes of those Crustacea.

The somites following the head, are strictly nomomeristic and
noraotagmic. The first three form the thorax, the appendages of

which are the walking legs, tipped with paired claws or ungues
(compare the homoplastic claws of Scorpio and Peripatus). Eleven
somites follow these, forming the abdominal ‘‘tagma,” giving thus
twenty-one somites in all (as in the higher Crustacea). The
somites of the abdomen all may carry rudimentary appendages in

the embryo, and some of the hinder somites may retain their

appendages in a modified form in adult life. Terminal telescoping

K)f the abdominal somites and excalation may occur in the adult,

reducing the obvious abdominal somites to as few as eight. The
genital apertures are median and placed far back in the series of
somites, viz., the female on the seventh abdominal (seventeenth of
the whole series) and the male on the ninth or ante-penultimate
abdominal (nineteenth of the whole series). The appendages of the
eighth and tenth abdominal somites are modified as gonapophyses.
The eleventh abdominal segment is the telson, usually small and
soft ; it carries the anus.

The Hexapoda are not only all confined to a very definite dis-

position of the somites, appendages, and apertures, as thus
indicated, but in other characters also they present the specializa-

tion of a naiTowly-limited highly-developed order of such a class as
the Crustacea rather than a range from lower more generalized to
higher more specialized forms such as that group and also the
Arachnida present. It seems to be a legitimate conclusion that
the most primitive Hexapoda were provided with wings, and that
the term Pterygota might be used as a synonym of Hexapoda.
Many Hexapoda have lost either one pair or both pairs of Wings

;

cases are common of wingless genera allied to ordinary Pterygote

f
enera. Some Hexapods which are very primitive in other respects
appen to be also Apterous, but this cannot be held to prove that

the possession of wings is not a primitive character of Hexapods
(compare the case of the Struthious Birds). The wings of Hexa-
poda are lateral exmnsions of the terga of the second and thjhd
thoracic somites. They appear to be serial equivalents (homo-
genous meromes) of the tracheal gills, which develop in a like
position on the abdominal segments of some aquatic Hexapods.
The Hexapoda are all provided with a highly developed tracheal

system, which presents considerable variation in regard to its

stignmta or orifices of communication witji the exterior. In some
ja serial arrangement of stigmata comparable to ^at observed in
Ohilopoda is found. In other oases (some larvse) stigmata are
•absent 5 in other cases again a singlo etjgma is developed, as in
the smaller Arachnida and Ohilo^da, in the median dorsal line

,
tmexpeoted position, ^^en Ihe facile tendency of

to develop tracheal air-tubes is admitted, it becomes
probable the trachese of Hexapod$ do not sdl belong to one
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original system, but may be accounted for by new developments
within the group. Whether the primitive tiacheal system of
Hexapoda was a closed one or open by serial stigmata iu everv
somite remains at pie&ent doubtful, but the intimate relation of
the system to the wings and tiacheal mils cannot be overlooked.
The lateral eyes of Hexapoda, like those of Crustacea, belono" to

the most specialized type of ‘‘compound eye,” found only in these
two classes. Simple nionomeniscous eyes are also pieseiit in many
Hexapods.

Benal excretory cieca (Malpighian tubes) are developed from the
proctodmum (not from mesenteron as in Scorpion and Amphipoda).

Concluding Eeriiarks on the Relationships to one another

of the Glasses of the Arthropoda.—Our general conclusion

from a survey of the Arthropoda amounts to this, that

whilst Peripatus, the Diplopoda, and the Arachnida
represent terrestrial offshoots from successive lower grades

of primitive aquatic Arthropoda which are extinct, the

Crustacea alone present a fairly full series of representa-

tives leading upwards from unspecialized forms. The
latter were not very far removed from the aquatic ancestors

(Trilobites) of the Arachnida, but differed essentially from

them by the higher specialization of the head. We can

gather no indication of the forefathers of the Hexapoda or of

the Chilopoda less specialized than they are, whilst possess-

ing the essential characteristics of these classes. Neither

embryology nor palaeontology assists us in this direction.

On the other hand, the facts that the Hexapoda and the

Chilopoda have triprosthomerous heads, that the Hexapoda
have the same total number of somites as the nomomeristic

Crustacea, and the same number of opisthomeres iu the

head as the more terrestrial Crustacea, together with the

same adaptation of the form of important appendages in

corresponding somites, and that the compound eyes of

both Crustacea and Hexapoda are extremely specialized

and elaborate in structure and identical in that structure,

all lead to the suggestion that the Hexapoda, and with

them, at no distant point, the Chilopoda, have branched

off from the Crustacean main stem as specialized ter-

restrial lines of descent. And it seems probable that in

the case of the Hexapoda, at any rate, the point of de-

parture was subsequent to the attainment of the nomo-

meristic character presented by the higher grade of Crus-

tacea. It is on the whole desirable to recognize such

affinities in our schemes of classification. We may tabu-

late the facts as to head- structure in Chsetopoda and

Arthropoda as follows :

—

Grade x (below the Arthropoda).

—

^Agnatha, Apbosthomera.

Without parapodial jaws ; without the addition of originally

post-oral somites to the prfe-oral region, which is a simple prostomial

lobe of the first somite ; the first somite is perforated by the mouth
and its parapodia are not modified as jaws.

= OHiETOPODA.

Grade 1 (of the Arthiopoda).

—

^Moxognatha, Moxo-
PROSTHOMEEA.

With a single pair of parapodial jaws carried by the somite wliich

is perforated by the mouth ; this is not the first somite, but the

second. The first somite has become a prosthomere, and carries a

pair of extensile anteimJB.

=OXYCHOPHORA [Peripatus, dsc,).

Grade 2 (of the Arthropoda).

—

^Dignatha, Mokoprosthomeka.

The third somite as well as the second develops a pair of paia-

podial jaws; the first somite is a prosthomere carrying jointed

antennse. =Diplopoda.

Grade 3 (of the Arthropoda).

—

^Pantogitatha, Diprosthomera.

A gnathobase is developed (in the primitive stock) on every pair

of ijoat-oral appendages; two prosthomeres present, the second

somite as well as the first having passed in front of the mouth, bnt

only the second has appendages.

=Arachnida.
Grade 4 (of the Arthropoda).—Pantognatha, Triprosthomera.

The original stock, like that of the last grade, has a gnathobase

on every post-oral appendage, but three prosthomeres are now

present, in consequence of the movement of the oral aperture from

the third to the fourth somite. The lateral eyes are polynieniscotis,
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\vivh specialized vitrelLie and retiniilse of a definite type peculiar to

this grade.
= CllL’'&.TACEA, ChILOPODA,^ HeX4.PODA.

According to older views tlie increase of tlie number of

somites in front of the mouth would have been regarded

as a case of intercalation by new somite-budding of new
prse-oral somites in the series. We are prohibited by a
general consideration of metamerism in the Arthropoda
(see a previous section of this article) from adopting the

hypothesis of intercalation of somites. However strange

it may seem, we have to suppose that one by one in the

course of long historical evolution somites have passed

forwards and the mouth has passed backwards. In fact,

we have to suppose that the actual somite which in grades

1 and 2 bore the mandibles lost those mandibles, developed

their rami as tactile organs, and came to occupy a position

in front of the mouth, whilst its previous jaw-bearing

function was taken up by the next somite in order, into

which the oral aperture had passed. A similar history

must have been slowly brought about when this second

mandibulate somite in its turn became agnathous and
passed in front of the mouth. The mandibular parapodia

may be supposed during the successive stages of this his-

tory to have had, from the first, well-developed rami (one

or two) of a palp-like form, so that the change required

when the mouth passed away from them would merely con-

sist in the suppression of the gnathobase. The solid palp-

less mandible such as we now see in some Arthropoda is,

necessarily, a late specialization. Moreover, it appears prob-

able that the first somite never had its parapodia modified

as jaws, but became a ];)rosthomere with tactile append-

ages before parapodial jaws were developed at all, or rather

pari pasm with their development on the second somite.
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It is worth while bearing in mind a second possibility

as to the history of the prosthomeres, viz., that the buccal

gnathobasic parapodia (the mandibles) were in each of the

three grades of prosthomerism only developed after the

recession of the mouth and the addition of one, of two, or

of three post-oral somites to the prse-oral region had taken

place. In fact, we may imagine that the characteristic

adaptation of one or more pairs of post-oral parapodia to

the purposes of the mouth as jaws did not occur until after

ancestral forms with one, with two, and with three pros-

thomeres had come into existence. On the whole the facts

seem to be against this supposition, though we need not

su]3pose that the gnathobase was very large or the rami
undeveloped in the buccal parapodia which were destined

to lose their mandibular features and pass in front of the

mouth.
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Arthur, Chester Alan (1830-1886), twenty-

first president of the United States, was born in Fairfield,

Vt., 5th October 1830. His father, William Arthur, when
eighteen years of age, emigrated from County Antrim,

Ireland, and, after teaching in various places in Vermont
and Lower Canada, became a Baptist mimster. William

Arthur had married Malvina Stone, an American girl who
lived at the time of the marriage in Canada, and the

numerous changes of the family residence afforded a basis

for allegations in 1880 that the son Chester was born not

in Vermont, but in Canada, and was therefore ineligible

for the presidency. Chester entered Union College as

a sophomore, and graduated with honour in 1848. He
then became a schoolmaster, at the same time studying

law. In 1853 he entered a law office in Hew York

City, and in the following year was admitted to the bar.

In politics he was actively associated from the outset with

the Republican party. When the Civil War began he held

the position of engineer-in-chief on Governor Morgan’s

staff, and afterwards became acting quartermaster-general

of the state troops, in which capacity he showed much
administrative efficiency. At the close of Governor

Morgan’s term, 31st December 1862, General Arthur

resumed the practice of his profession, remaining active,

however, in party politics in New York City. In Novem-

ber 1871 he was appointed collector of customs for the

port of New York. The custom-house had long been con-

spicuous for the most flagrant abuses of the “spoils

system”
;
and though General Arthur admitted that the

evils existed and that they rendered efficient administration

^ The eyes of Chilopoda aie not thoroughly understood, and may
or may not be capable ot interpretation as fitting in with those of

Crustacea and Hexapoda.

imposbible, he made no extensive reforms. In 187T

President Hayes began the reform of the civil service with

the New York custom-house, A non-partisan commission

appointed by Secretary Sherman recommended sweeping

changes. The president demanded the resignations of

Arthur and his two principal subordinates. General Arthur

refused, on the ground that to retire “ under fire ” would

be to acknowledge wrong-doing, and claimed that as the

abuses were inherent in a widespread system he should

not be made to bear the responsibility alone. His cause

was espoused by Senator Conkling, for a time successfully

;

but on 11th July 1878, during a recess of the Senate, the

collector was removed, and inJanuary 1879, after another

severe struggle, this action received the approval of the

Senate. In 1880 General Arthur was a delegate at large

from New York to the Republican National Convention.

In common with the rest of the “ Stalwarts ” he worked

hard for the nomination of Grant. Upon the triumph of

Garfield, the necessity of conciliating the defeated faction

led to the hasty acceptance of Arthur for the second place

on the ticket. His nomination was coldly received by the

public; and when, after his election and accession, he

actively engaged on behalf of Conkling in the great con-

flict with Garfield over the New York patronage, the

impression was widespread that he was unworthy of his

position. Upon the death of President Garfield, 19th

September 1881, Arthur took the oath as his successor.

Contrary to the general expectation, his appointments

were as a rule unexceptionable, and he eartiestly promoted

the Pendleton law for the reform of the civil service. His

use of the veto in the cases of a Chinese Immigration Bill

and a River and Harbour Bill in 1882 confirmed tho

favourable impression which had been nude. His.
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^idministration was lacking in political situations of a

dramatic character, but on all questions that arose his

policy was sane and dignified. In 1884: he allowed his

name to be presented for renomination in the Eepublican

Convention, but he was easily defeated by the friends of

Mr Blaine. At the expiration of his term he resumed his

residence in New York City, where he died on 18th

November 1886. (w. a. d.)

Artillery.—Originally this word was applicable not

only to missiles in general, but to the instruments or

machines from which they were discharged—slings, bows
and arrows, tormenta, &c. In the following article, how-

ever, we shall confine ourselves to the introduction of

modern artillery and the progress of the bodies of men
attached to its service.

The earliest recipe we possess for gunpowder is that of Dr John
Anderne, who began to practise before 1350, and in his old age

was appointed surgeon to Henry IV. It was recovered from his

MSS. (now among the Sloane papers) by Mr Albeit "Way, and
given in his edition of the Promptorium Pcorvulorum, an Engli&h-

Latin vocabulary of the year 1440, in a note under ‘‘Gunne.”
This recipe is:—Saltpetre, 66*6' parts; charcoal, 22*2' parts;

sulphur, 177' parts. The remarkable point about this recipe is,

that it is identical with that given for rocket composition in

the MS. of Marcus Giaecus, who lived long before Friar Roger
Bacon; and rocket composition will not project a round shot.

The difficulty is easily exjdained. The fizzing rocket composition

prepared with the Gieek’s impuie ingredients became an explosive

when prepared with the comparatively pure ingiedients of a
later age in the same piopoitions. If Bacon could refine nitre

—

a matter that hardly admits of a doubt—theie may be a sub-

stratum cf truth in the legend of the destruction of his Brazen
HeaA He and Friar Bungey, having mixed the pure ingredients

in the old proportions, lay dowm to sleep. Their seivant, Miles,

from idle curiosity, applied file to it, and produced an unexiiected

-explosion which broke some of the chemical apparatus and terrified

all three of them. If this view of the case be accepted gun-
powder w-as invented by accident. It is not known who invented
cannon, and we must lall hack on the tradition that assigns the
invention to a German monk, one Bei'thold Schwartz, There is

good evidence to show that the Germans used guns at the siege

of Cividale in Italy, 1331, and England had guns, both of iron and
brass, in her navy in 1338. She w^as the first nation to bring
guns into the open fields (at Cressy). Froissart calls these guns
in one place IcanonSf in another 'bomhardiauJx

;

but Anderne ex-

pressly says they were called gonnes (in England), and Chaucer
and Langland apply to them this word which had previously
been used to denote the ancient tormenta.

For some three and a half centuries after the introduction of
cannon artillerymen in all countries weie civilians. Matters
came to such a pass in England in the middle of the 16th century,
that Henry VIII. had to employ Dutch gunners to instruct the
men. In the time of Elizabeth the ages of some of the Tower
gunners ranged from 64 to 92 years. The first to attempt any
organization of the arm was Gustavus Adolphus. This great
man clearly saw that the fundamental principle of all artillery

•organization is a twofold division, the gunners who follow an
army into the field, and those who do not—field artillery and

f
arrison artillery, and he reorganized his artillery accordingly

;

ut he does not appear to have taken any step towards making
them a military body. When the Great Rebellion broke out,
loud were the complaints about the scarcity and inefficiency of
the gunners. In 1638, Wemyss, master gunner of England,
reported that there were “few gunners in the kingdom , , .

who understand the several ranges of ordnance or use of the
mortar ”

; Norton refers in 1643 to “ the penury of expert
gunners”; and Eldred denounces “the idle laziness of the

f
anners,” for which he had little or no power to punish them.
hings became at length so intolerable that a warrant, dated

22nd August 1682, put the gunners under military discipline.
.Strange to say, the master gunners were shown as part of the
“civil” establishment as late as 24th January 1783, in the
establishment warrant of the ordnance. The ordnance officials

had now some power over the gunners, yet their position was
still so doubtful that a clause had to he inserted in their com-
missions in 1694 to place it beyond all doubt. These events
were followed by the establishment of two permanent companies
•of artillery, 26th May 1716, and the formation of the (present)
Koyal Regiment of Artillery, 1st April 1722. Notwithstanding
these iniprovements, Colonel Forbes Macbear, F.R.S., R.A., de-
^filares that the English artillery did not begin to assume a military
Ji(ppearance until tne Flanders campaigns of 1748-49.

The officers of the French artillery before Louis XIV, ’s time
were only officers in the sense that they held an office.* They
w'ere without rank in the army, and had no troops under their
command. Only when war broke out were these officials united
and supiilied with the necessary onateriel. At length Vauban
protested against their position as helpless civilians, and they
received militaiy rank when Valliere reorganized the artilleiy
in 1732.

“ When Fredeiick the Great assumed the crown he found the
army in a very good condition, excepting the corps of artilleiy and
engineers, which consisted chiefly of mechanics and artisans
scarcely looked on by the rest of the army and the officeis with-
out commissions. His Majesty immediately drafted all the
illiterate officers into the garrison regiments, supplying their
places with gentlemen of examined capacity

;
gave t^em all

commissions, rank with the officers of the guards, and an extra-
ordinary pay. ” ^ It is strange that Oapt. Smith, who was inspector
of the Royal Military Academy, Woolwich, should have made no
reference to the Prussian horse artillery. In 1773 the king formed
a depot at Potsdam for the horse artillery (first formed 21&t April
1759), consisting of 1 captain, 1 lieutenant, 10 noii-commissioiied
officers, and 60 gunners. It is almost certain His Majesty had
no intention of making it a corps d'ehte.

Owing to the gieat piogiess made duiing the 18th century by
those arts and sciences on which the efficiency of artilleiy essen-
tially depends, it increased rapidly in numbers, and colleges were
everywhere fonncl ed for the instruction of officers and others. Tlie
Royal Militaiy Academy at Woolwich was opened in 1741. With
regard to numbers, the four companies England possessed in the
early years of the century were represented in Capt. Smith’s time by
four battalions

;
and these 3000 to 4000 men had swollen to 42,000

officers and men in 1899. Other artilleries increased in similar
proportions.

The organization of the artilleries ofthe Great Powers is described
under “ Armies.” A few remarks may be olfeied on the fundamental
piinciples on which all these organizations are nioie or less based.

Before the 18ih centuiy only one man can be named, the gieat
Gustavus Adolphus, who clearly understood the fiist principle of
all artillery organization—the separation of the personnel into

two distinct bodies : (a) those who follow the army into the field,

and (d) those who do not. This primary division of the artillery

has long been imactically acknowledged on the Continent and has
been partially adopted in England. British garrison aitillery con-

sists of two branches : (a) the garrison artillery pioper, or the

gunners who defend a besieged fortress ; and (b) the siege artillery,

or the gunners who attack an enemy’s fortress. Occasionally in a

battle in the field guns of the 40-pr. type are used, taking up a

fixed position which they occupy during the day. Whether these

guns of position should be manned by garrison or field artilleiy

is purely an academic question. The various subdivisions of the

field artillery arise naturally from the nature of the duties they
have to perform

;
while the nature of the ordnance with which they

are severally armed is determined by the axiom, that the proper

gun for any duty is the heaviest gun by which it can be earned
out. The main body of the field artillery, the field batteries, aie

intended to support the infantry ; and, in order to do so, they

must be capable of moving at a trot (and occasionally a gallop),

the gunners being carried on the gun-carriages and limbei, or the

off-horses of the gun-team. Experience shows that guns of the

15 -pr. type, drawn by six horses, are the most suitable for this

branch. Similarly, guns of the 7-pr. type, carried on mules, are

the best adapted for mountain artillery. For years there was
much difficulty in organizing a body of field artillery to support

cavalry. At length Frederick the Great solved the question by
the creation of horse artillery, so called, not because the guns are

drawn by horses, but because the gunners accompanying their

gun are mounted on horses of their own distinct fiom the gun-

team. At present the British equipment consists of guns of the

12-pr. type, each drawn by six horses.

For some five centuries the word “Artillery” in England

meant simply garrison artillery
; the field artillery only existed

in time of w^ar. When war broke out a train of artillery was

organized, consisting of a certain number of field (or siege) guns,

manned by garrison gunners ; and when peace was proclaimed the

train was disbanded, the moLt^nd being returned into store, and

the gunners reverting to some fort or stronghold. The first per-

manent body of field artillery in England were A and B troops of

the royal horse artillery raised in 1793, the drivers of which (as

well as the gunners) were enlisted under the military oath. lu

the early years of the nineteenth century a separate driver corps,

under its own officers, was formed for the field batteries, but it

was with good reason disbanded after Waterloo. The first per-

manent force of field batteries may be dated from the camp at

Cobham, 1853. It is impossible to say on what principles the

reorganization in 1899 of the artillery was based. This arm.

^ Um^ersedMUitary Capt. G. Smith, R,A. London, 1779.
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now consists of two large separate branches : (a) the royal horse

artillery and the field batteries, and (&) the siege artillery,

he ivy field batteries, garrison artillery proper, and mountain
artiJery. There are 28 service batteries of horse artillery, armed
with 12-pr. B.L. guns

;
100 service field batteries armed with

15-pr. B.L. guns
;
and 12 service field batteries armed with 5-in.

B.L. rifled howitzers—in all cases 6 pieces per battery. The
formation of the latter was necessitated by the comparative flat-

ness of the 12 - pr. and 15 - pr. trajectories, and the want of a
shell, with a large angle of descent, to act upon troops under
cover of earthworks, &c. The officers for each rank of the horse

artilleiy are selected from the field batteries, to which they
return on promotion to the next higher rank, a system which
gives rise to a constant interchange of officers. The garrison

artillery consists of 104 service companies, of 199 officers and men
each, on war strength, of which 7 companies are attached to siege

train batteries, and 4 to heavy field batteries for Indian service.

A siege train battery for India consists of four 5-in. B.L guns
and two 6-in. B.L. howitzers. For service in Soath Africa, four

7-in. B.L. guns have been substituted for 6-in. B.L. guns. An
Indian heavy field battery is armed with four 30-pr. B.L. guns
and two 5 4-in. B.L. howitzers. A mountain battery is armed
with six 2‘5-in. screw E.M.L. guns, the projectile of which
weighs 7 lb. A 10-pr. gun is under consideration. In addition

to the foregoing there are in India 10 mountain batteries armed
with 2‘5-in. R.M.L. guns, 11 manned by natives, and 4 field

batteries of the Haidarabad contingent armed with two 6-pr. S.B.
guns and two 12-pr. S.B. howitzers. Finally, theie are 13 com-
panies of local artillery

; at Kohat, 1 company
;
at Hong-Kong,

4 ;
at Singapore, 1 ; in Ceylon, 2 ; in Mauritius, 2 ; at Sierra

Leone, 1 j
at Jamaica, 1 ;

and at St Lucia, 1. (h. W. l. H.)

Arts a.nci Cra.fts.—The arts of decorative design

and handicraft are comprehended under this title—all

those arts and crafts, it may be said, which, in association

with the mother-craft of building (or architecture) go to

the making of the house beautiful. Arts and crafts are

also associated with the movement generally understood as

the English revival of decorative art, which has character-

ized the years since about 1875. The title itself only

came into general use when the Arts and Crafts Exhibition

Society was founded, and held its first exhibition at the

New Gallery, London, in the autumn of 1888, since which
time arts and crafts exhibitions have been common all over

Great Britain. The idea of forming a society for the pur-

pose of showing contemporary work in design and handi-

craft really arose out of a movement of revolt or protest

against the exclusive view of art encouraged by the Royal
Academy exhibitions, in which oil paintings in gilt frames

claimed almost exclusive attention—sculpture, architecture,

and the arts of decorative design, being relegated to quite

subordinate positions. In 1886, out of a feeling of dis-

content among artists as to the inadequacy of the Royal
Academy exhibitions, considered as representing the art of

Great Britain, a demand arose for a national exhibition

to include all the arts of design. One of the points of

this demand was for the annual election of the hanging
committee by the whole body of artists. After many
meetings the group representing the arts and crafts (who
belonged to a larger body of artists and craftsmen called

the Art-workers’ Guild, founded in 1884),^ perceiving that

the painters, especially the leading group of a school not

hitherto well represented in the Academy exhibitions, only

cherished the hope of forcing certain reforms on the

Academy, and were by no means prepared to lose their

chances of admission to its privileges, still less to run any
risk in the establishment of a really comprehensive
national exhibition of art, decided to organize an ex-

hibition themselves in which artists and craftsmen might
show their productions, so that contemporary work in

decorative art should be displayed to the public on the

same footing, and with the same advantages as had
hitherto been monopolized by pictorial art. Eor many

^ Whose members, comprebending as they do the principal living

designers, architects, painters, and craftsmen of all kinds, have played
no inconsiderable part in the aforesaid English revival.

years previously there had been great activity in the study
and revival in the practice of many of the neglected decora-

tive handicrafts. Amateur societies and classes w'ere in

existence, like the Home Arts and Industries Association,

which had established village classes in wood - carving,

metal work, spinning and weaving, needlework, pottery,

and basket-work, and the public interest was steadily

growing in handicraft. The machine production of an
industrial century had laid its iron hands upon what had
formerly been the exclusive province of the handicrafts-

man, who only lingered on in a few obscure trades and
in forgotten corners of England for the most part. The
ideal of mechanical perfection dominated British workmen,
and the factory system, first by extreme division of labour,

and then by the further specialization of the workman
under machine production, left no room for individual

artistic feeling among craftsmen trained and working under
such conditions. The demand of the world-market ruled

the character and quality of production, and to the few who
would seek some humanity, simplicity of construction, or

artistic feeling in their domestic decorations and furniture

the only choice was that of the tradesman or salesman, or

a x^lunge into costly and doubtful experiments in original

design. From the ’forties onward there had been much
research and study of mediaeval art in England

;
there had

been many able designers, architects, and antiquaries, such

as the Pugins and Hemy Shaw, and later William Burges,

Butterfield, and G. E. Street and others. The school of

prae-Raphaelite painters, by their careful and thorough

methods, and their sympathy with mediaeval design, were

among the first to turn attention to beauty of design,

colour, and significance in the accessories of daily life, and
artists like D. G. Rossetti, Ford Madox Brown, and W.
Holman Hunt themselves designed and painted furniture.

The most successful and most practical effort indeed towards

the revival of sounder ideas of construction and workman-
ship may be said to have arisen out of the work of this

group of artists, and may he traced to the workshop of

William Morris and his associates in Queen Square,

London. William Morris, whose name covers so large a field

of artistic as well as literary and social work, came well

equipped to his task of raising the arts of design and
handicraft, of changing the taste of his countrymen from
the corrupt and vulgar ostentation of the Second Empire,

and its cheap imitations, which prevailed in the ’fifties and
’sixties, and of winning them back, for a time at least,

to the massive simplicity of plain oak furniture, or the

delicate beauty of Mays of choice woods, or the charm of

painted work, the richness and frank colour of formal floral

and heraldic pattern in silk textiles and wall-hangings

and carpets, the gaiety and freshness of printed cotton, or

the romantic splendour of arras tapestry. Both William

Morris and his artistic comrade and life-long friend, Edward
Burne-Jones, were no doubt much influenced at the

outset by the imaginative insight, the passionate artistic

feeling, and the love of mediaeval romance and colour of

Dante Gabriel Rossetti, who remains so remarkable a

figure in the great artistic and poetic revival of the latter

half of the 19th century. To William Morris himself, in

Ms artistic career, it was no small advantage to gain the

ear of the English public first by Ms poetry. His verse-

craft helped Ms handicraft, but both lived side by side.

The secret of Morris’s great influence in the revival was no
doubt to be attributed to Ms way of personally mastering

the working details and handling of each craft he took up
in turn, as well as to Ms power of inspiring Ms helpers and
followers. He was painter, designer, scribe, illuminator,

wood-engraver, dyer, weaver, and finally printer and paper-

maker, and having mastered these crafts he could effectively

direct and criticize the work of others. His own work
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and tliat of Burne-Jones were well known to the public,

and in higb. favour long before the Arts and Crafts

Exhibition Society was formed, and though largely helped

and inspired by the work of these two artists, the aims

and objects of the society rather represented those of a

younger generation, and were in some measure a fresh

development both of the social and the artistic ideas which

were represented by Buskin, Rossetti, and Morris, though

the society includes men of different schools. Other

sources of influence might be named, such as the work of

iN’orman Shaw and Philip Webb in architecture and

decoration, of Lewis Day in surface pattern, and William

de Morgan in pottery. The demand for the acknowledg-

ment of the personality of each responsible craftsman in

a co-operative work was new, and it had direct bearing

upon the social and economic conditions of artistic pro-

duction. The principle, too, of regarding the material,

object, method, and purpose of a work as essential condi-

tions of its artistic expression, the form and character of

which must always be controlled by such conditions, had

never before been so emphatically stated, though it practi-

cally endorsed the somewhat vague aspirations current for

the unity of beauty with utilit}' . Again, a very notable

return to extreme simplicity of design in furniture and

surface decoration may be remarked
;
and certain reserve

in the use of colour and ornament, and a love of abstract

forms in decoration generally, which are characteristic of

later taste. Not less remarkable has been the new develop-

ment in the design and workmanship of jewellery, gold-

and silver-smiths’ work, and enamels, with which the names

of Alexander Fisher, fenry Wilson, Nelson Dawson, and

C, B. Ashbee are associated. Among the arts and crafts

of design which have blossomed into new life in recent

years—and there is hardly one which has not been touched

by the new spirit— book-binding must be named as

having attained a fresh and tasteful development through

the work of Mr Cobden-Sanderson and his pupils. The
art aud craft of the needle also must not be forgotten,

and its progress is a good criterion of taste in design,

choice of colour, and treatment. The work of Mrs
Morris, of Miss Burden (sometime instructress at the

Royal School of Art Needlework, which has carried on its

work from 1875), of Miss May Morris, of Miss Una Taylor,

of Miss Buckle, of Mrs Walter Crane, of Mrs Newbery,
besides many other skilled needlewomen, has been fre-

quently exhibited. Good work is often seen in the

national competition works of the students of the English

art schools, shown at South Kensington in July. The
increase of late years in these exhibitions of designs

worked out in the actual material for which they were
intended is very remarkable, and is an evidence of the

spread of the arts and crafts movement (fostered no doubt
by the increase of techmcal schools, especially of the type

of the Central School of Arts and Crafts under the

Technical Education Board of the London County Council),

of which it may be said that if it has not turned all

British craftsmen into artists or all British artists into

craftsmen, it has done not a little to expand and socialize

the idea of art, and (perhaps it is not too much to say)

has made the tasteful English house with its furUiture and
decorations a model for the civilized world. (w. oe.)

» «

Am (Dutch Aroe) Islands, a group in the Dutch
residency of Amboyna, S. cff New Guinea, in 5“ 18' to
7“ 5' S. and 134® 8' to 134® 56' E. The larger islands

(Wokan, Kobrur, Maikor, and Ttangan), and certain of

less^ ones are regarded by the Malays as one land

' pmss wMqb they call tcma hsa/r great land ”). Their
is 2443 square miles, not densely populated by
18^000 iojiabitauts, of whom 581 are Christians

and 409 Mahommedans, The chief town, Dobbo is

visited by steamers of the Royal Steam Packet Company.
The natives are governed by rajas (orang kajas), the
Dutch Government being represented by a posthoud^.

Aruwimi, R. See Congo.

Arza.ma.S, a district town of Russia, government
and 81 miles S.W. of Nijni Novgorod, on the Tesha river.

It IS an important centre of trade, and has fifteen tan-
neries, twenty oil-works, fiiour-mills, and tallow-meltmg
houses, and knitting is an important domestic industry.

Population, 10,591.

Asbjornseny Peter Christen (1812-1885),
and Moe, Jorg^en Engebretsen (1813-1882),
the eminent collectors of Norwegian folklore, were so closely

united in their life’s work that it is unusual to name them
apart. Asbjornsen was born in Christiania on the 15th
January 1812 ;

he belonged to an ancient family of the
Gudbrandsdal, which is believed to have died with him. He
became a student at the university in 1833, but as early

as 1832, in his twentieth year, he had begun to collect

and write down all the fairy stories and legends which
he could meet with. Later he began to wander on foot

through the length and breadth of Norway, adding to his

stores. Moe, who was born at Mo i Hole parsonage, in

Ringerike, on the 22nd April 1813, met Asbjornsen first

when he was fourteen years of age. A close friendship

began between them, and lasted to the end of their lives.

In 1834 Asbjornsen discovered that Moe had started in-

dependently on a search for the relics of national folklore;

the friends eagerly compared results, and determined for

the future to work in concert. By this time, Asbjornsen

had become by profession a zoologist, and with the aid of

the university made a series of investigating voyages along

the coasts of Norway, paiticnlarly in the Hardanger fjord.

Moe, meanwhile, had devoted himself to the study of

theology, and was making a living as a tutor in Christiania.

In his holidays he wandered through the mountains, in

the most remote districts, collecting stories. In 1842-43

appeared the fi.rst instalment of the great work of the two

friends, under the title of Norwegian Popular Stories, which

was received at once aU over Europe as a most valuable

contribution to science as well as literature. A second

volume was published in 1844, and a new collection in

1871. In 1845 Asbjornsen published, without help from

Moe, a collection of Norwegian fairy tales Qiuld/reeventyr

og folkesagn). In 1856 the attention of Asbjornsen was.

called to the deforestation of Norway, and he induced the

Government to take up this important question. He
was appointed forest-master, and was sent by Norway to

examine in various countries of the north of Europe the

methods observed for the preservation of timber. From

these duties, in 1876, he withdrew with a pension; he

died in Christiania on the 6th January 1885. From 1841

to 1852 Moe travelled almost every summer through the

southern parts of Norway, collecting traditions in the

rnountains. He had, however, long intended to take holy

orders, and in 1853 he did so, becoming for ten years a

chaplain in Sigdal, and then (1863) parish priest of

Bragernes. He was moved in 1870 to the parish of

Yestre Aker, near Christiania, and in 1875 he was.

appointed bishop of Christianssand. In January 1882:

he resigned his diocese on account of failing health, and

died on the following 27th March. Moe has a special

claim on critical attention in regard to his lyrical poems,

of which a small collection appeared in 1850. He wrote

little original verse, but in his slender volume are to be

found many pieces of exquisite delicacy and freshn^s.

Asbjornsen and Moe had the advantage of an admirable

style in narrative prose. It was usually said that tha
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vigour of it came from Asbjornsen and tlie charm from
Moe, but the fact seems to be that from the long habit of

writing in unison they had come to adopt almost precisely

identical modes of literary expression. (e. a.)

Ascension, an island situated in the Atlantic

Ocean, 800 miles north-west of St Helena. It is described

in the Reports of the Challenger as “ a series of extinct

volcano cones.’’ Ascension was compared by Darwin “ to

a huge ship kept in first-rate order.” It is under the

jurisdiction of the Admiralty, is garrisoned by marines, and
IS rated as a ship of war. The bare hills have been covered

with plants and shrubs, a road has been constructed for

six miles from the landing-place, and a good water supply

secured. The average rainfall is slight, March and April

being the rainy months. Population, about 160 sailors,

marines, and Kjumen from the Liberian coast. Fish,

turtle, and edible birds’ eggs are the chief products.

Asch, a manufacturing town of Bohemia, in the

government district of Eger, near the Saxon and Bavarian
frontiers, and a station on the Bavarian State Railway.

Population in 1890, 15,556 ;
in 1900, 19,146 (all German

—70 per cent. Protestant, 30 per cent. Roman Catholic).

It is the seat of a Protestant superintendent, whose
jurisdiction extends over fourteen villages, of which six

are in Bavaria. It contains monuments to Luther and to

the Germanizing and liberal Austrian emperor, Joseph 11.

Important textile industry employs 11,000 hands, and
there are manufactures of knitted goods (2300 hands),

leather, machinery, bleaching, dyeing, brewing, &c.

Ascha.fFenburgi a town of Bavaria, Germany,
district Lower Franconia, on the right bank of the Main,

26 miles S.E. from Frankfort by rail. The parish church

of Our Lady and the church of St. Agatha have been
lately restored. There is an archaeological museum.
Ready-made clothing, paper, cellulose, tobacco, lime, and
liqueurs are manufactured. Population (1900), 18,091.

In March and July 1901 two suburbs were incorporated,

raising the total population to 22,181.

Aschersleben, a town of Prussia, province of

Saxony, 36 miles by rail N.W. from Halle. There are

iron, zinc, and chemical manufactures, and the cultivation

of agricultural seeds. Here are brine springs and baths.

Population (1885), 21,519; (1900), 27,245.

AsCOli PiconOf a town and bishop’s see of Italy

(the Marches), capital of the province of Ascoli, situated

on the E. side of the Apennines, 57 miles by rail S. from
Ancona. The cathedral was restored in 1888, and is

adorned with modern frescoes. There are an antiquarian

museum, an agricultural school, and a training school for

female teachers. The industries of Ascoli include silk-

worm breeding, flour-mills, brickworks, limekilns, potteries,

and factories for furniture and vehicles. Population,

commune (1881), 23,225, (1901), 28,882; province (1881),

209,185, (1901), 245,883.

Ashanti. See Gold Coast.

Ashby - de - la - Zouchi a market-town and
railway station, in the Bosworth parliamentary division

of Leicestershire, England, 16 miles N.W. by W. of

Leicester. The old church of St. Helen has been restored

and enlarged, a Queen Eleanor cross erected to the

Countess of Loudoun, a grammar school built, the charity

Bluecoat and Greencoat schools have been enlarged, and a
cottage hospital has Ijeen opened. Area of urban district

(co-extensive with parish), 6061 acres; population (1901),
4722.

Asheville, a city of North Carolina, U.S.A., and
capital of Buncombe county. It is situated in the western,

mountainous part of the state, in 35“ 35' N, lat. and
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82® 33' W. long., on a terrace above the French Broad, on
the north bank, at the mouth of the Swananoa, and at
an altitude of 2000 feet. The site is uneven and the
plan is irregular. It is noted as a winter hea''th

resort, particifiarly for Northern people. It is entered by
the Southern railway, by which it has connexions east-

ward and westward. It is the seat of Asheville Female
College. Near it is Mr G. W. Yanderbilt’s estate,

Biltmore, of 100,000 acres, mainly forest land, on wh.ch
tree culture has been conducted on a large scale. Popu-
lation (1900), 14,694.

Ashford, a market-town and railway station in the
Ashford parliamentary division of Kent, England, on the
Esshe, a branch of the Stour, 14 miles S.W. of Canterbury.
Ashford has agricultural implement works, breweries, and
locomotive and carriage works. Area of urban district,

2850 acres; population (1891), 10,728; (1901), 12,808.

Ashla.nd| a city of Boyd county, Kentucky, XJ.S.A.,

situated in the north-eastern part of the state, on the
south bank of the Ohio and on the Chesapeake and Ohio
railway, at an altitude of 537 feet. It has impoitant
iron manufactures and considerable commerce, especially

by river. Population (1900), 6800.

Ashlcindy a borough of Schuylkill county, in eastern

Pennsylvania, U.S.A., situated in the anthracite coal region,

at an altitude of 856 feet; a coal-mining place on the

Lehigh Valley and the Philadelphia and Reading railways.

Population (1900), 6438.

Ashla.nd| a city of Wisconsin, U.S.A., and capital

of Ashland county, situated in the northern part of the
state, at the head of Chaquamegon Bay, an arm of Lake
Superior. It is in 46“ 35' N. lat. and 90® 58' W. long.,

at an altitude of 678 feet. It was founded in 1885 by
the discovery of the Gogebic Range iron mines, 40 miles
south-east. Its plan is regular. The Northern Pacific,

the Wisconsin Central, the Chicago, St Paul, Minneapolis,

and Omaha, and the Chicago and North-Western railways

serve it; and it has also an extensive lake commerce,
principally in lumber and iron ore. Population (1890),
9956 ; (1895), 12,310

; (1900), 13,074.

Ashtabula, a city of Ashtabula county, Ohio,

U.S.A., in the north-eastern part of the state, near the shore

of Lake Erie; altitude, 647 feet. It is an important
railway centre, being traversed by two great trunk lines and
the terminus of a third. Having a harbour, it is a
considerable lake port, shipping vast quantities of iron ore,

in transport from the iron ranges of Lake Superior to Pitts-

burg for smelting. Population (1900), 12,949.

Ashton-in-IVia.kerfield, a township in the

Newton parliamentary division of Lancashire, England, 7

miles N. by W. of Warrington. The district is rich in

minerals and has large collieries, and a colliery company’s

institute; iron goods are manufactured. Area of urban
district, 6250 acres. Population (1901), 18,687.

Ashton-under-Lyne, a municipal and parlia-

mentary borough (one member) of Lancashire, England,

on the Tame, 6^ miles E. of Manchester by rail. Modern
structures are a church, a Congregational chapel (£50,000),

a theatre, a technical school, a school of art and free library,

a children’s hospital, and a new post-office. The market-

place and town hall have been enlarged. There is a public

park of 64 acres. Population of municipal borough in

1881, 37,040; in 1891, 40,463 ;
in 1901, 43,890. In

November 1898, a portion of the urban district of Dukin-
field in Cheshire was added to the borough of Ashton-

under-Lyne, and part of the borough was transferred to

Dukinfield. As rearranged, the municipal borough has an
area of 1396 acres.

S. L— 89
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ASIA.

Next to Africa, we shall probably find in Asia, oldest of

the OldWorld continents, a greater store of new facts

presented to us, or, it may be, of old facts with

cbaa^es in features revealed by the light of modern

coniinentai scientific research, than in any other quarter of

physio- the globe. It is m the realm of physical
grapby.

geography, and its collateral branches of science,

that we have chiefly to mark important accessions of

knowledge
;
and the knowledge thus acquired is, through-

out the continent, given to us rather in the form of more

exact information than as absolutely new discovery which

might lead to any large correction of preconceived ideas.

General Expansion of Exact Surveys,

The progress of geodetic surveys in Russia had long ago

extended across the European half of the great empire,

Petersburg being connected with Tiflis on the southern

slopes of the Caucasus by a direct system of triangulation

carried out with the highest scientific precision. Peters-

burg, again, is connected with Greenwich by European

systems of triangulation, and the Greenwich meridian

has been adopted by Russia as the zero for all her longi-

tude values. But beyond the eastern shores of the Caspian

no system of direct geodetic measurement by first-class

triangulation has as yet been possible, and the surveys of

Asiatic Russia are separated from those of Europe by the

width of that inland sea. The arid nature of the trans-

Caspian deserts has so far proved an insuperable obstacle

to those rigorous methods of geodetic survey which dis-

tinguish Russian methods in Europe, so that Russian

geography in Central Asia is dependent on other means
than that of direct measurement for the co-ordinate values

in latitude and longitude for any given point. The
astronomical observatory at Tashkent is adopted for the

initial starting-point of the trans-Caspian triangulation of

Russia
;
the triangulation ranks as second class only, and

now extends to the Pamir frontier beyond Osh. The longi-

tude of the Tashkent observatory has been determined hj
telegraph differentially with Pulkova as follows :

—

H M. s.

In 1875 Ekaterinburg and Omsk . 2 85 52*151

,, 1891 ,, Saratov ,, Orenburg 2 85 62*228

,, 1895 ,, Kiev ,, Baku 2 36 51*997

With these three independent values, all falling within a
range of 0“'25, it is improbable that the mean value has an
error as large as 0®*10.

Exact surveys in Russia, based upon triangulation,

extend as far east as Chinese Turkestan in longitude about

JBxtentof Greenwich. In India geodetic tri-

axactsar- angulation furnishes the basis for exact surveys
vays in as far east as the eastern boundaries of Burma
Asia,

longitude about 100® E.

The years since 1875 have witnessed the forging of the

final links in the great geodetic triangulation of India, so

far as the peninsula is concerned. Further geodetic con-

nexion with the European systems stiU remains to be
accomplished. Since 1890 further and more rigorous

application of the telegraphic method of determining
longitudes differentially with Greenwich has resulted in
a slight correction (amounting to about 2" of arc) to the
previous determination by the same method through Suez.
This last determination was effected through four arcs as
follows :

—

I. Greenwich—^Potudam.

n, Potsdam—^Teheran.

III. Teheran;^Bushire,
IV. Bushire—Karachi

Each arc was measured with every precaution and a multi-
tude of observations. The only element of uncertainty
was caused by the retardation of the current, which
between Potsdam and Teheran (3000 miles) took 0“‘20 to
travel, but it is probable that the final value can be
accepted as correct to within 0®*05.

The final result of this latest determination is to place
the Madras observatory 2' 27"' to the west of the position
adopted for it on the strength of absolute astronomical
determinations.

But whilst we have yet to wait for that expansion of

first-class geodetic triangulation which will bring into

connexion with Europe by the direct process

of earth measurement, we have already effected t>etween^
a topographical connexion between Russian and l^ussiaa

Indian surveys which sufficiently proves that ^^dindtaa

the deductive methods employed by both
countries for the determination of the co-ordinate values

of fixed points so far ^gree that, for all practical purposes
of future Asiatic cartography, no difficulty in adjustment
between Indian and Russian mapping need be appre-

hended. This connexion was effected near Lake Victoria

during the Pamir Boundary Commission of 1895. The final

values determined in longitude for the initial pillar of the

boundary by the Russian and English surveyors respec-

tively differed by about 1*0" only, a difference which will

never lead to serious difficulties in mutual map adj'ust-

ment. In connexion with the Indian triangula-
jQ^iensha

tion minor extensions carried out on systems of geo-

involving more or less irregularity have been graphical

pushed outwards on all sides. They reach

through Afghanistan and Baluchistan to the eastern dis-

tricts of Persia, and along the coast of Makrdn to that of

Arabia. They have long ago included the farther moun-
tain peaks of Nepal, and they now branch outwards

towards Western China and into Siam. These far exten-

sions furnish the basis for a vast amount of exploratory

survey of a strictly geographical character, and they have

contributed largely towards raising the standard of

accuracy in Asiatic geographical surveys to a level which

was deemed unattainable fifty years ago. There is yet a

vast field open in Asia for this class of surveys. Whilst at

the close of the 19th century Western Asia (exclusive of

Arabia) may be said to be freed from aU geographical

perplexity, China, Mongolia, and Eastern Siberia still in-

clude enormous areas of which our geographicalknowledge

is in a primitive stage of nebulous uncertainty.

Of scientific geographical exploration in Asia (be-

yond the limits of actual surveys) the period since 1870

has been so prolific that it is only possible to

refer in barest outline to some of the principal

expeditions, most of which have been directed

either to the great elevated tableland of Tibet, or to the

central depression which exists to the north of it. In

Southern Tibet the trans-Himalayan explorations of the

native surveyors attached to the Indian survey,

notably pundits Nain Sing and Kishen Sing,

have added largely to our knowledge of the great

plateau. Nain Sing explored the sources of the Indus

and of the Upper Brahmaputra in the years 1865-67 ;
and

in 1874-75 he followed a line from t]^ eastern frontiers of

Kashmir to the Tengri Nor lake and thence to Lhasa, in

which city he remained for some months. Kishen Sing’s

remarkable journey in 1879-82 extended from Lhasa

northwards through Tsaidam to Sachu, or Saitu, in Mon-

golia. He subsequently passed through Eastern Tibet to
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the town of Darchendo, or Ta Chien Lu, on the high road from which emanate the great rivers of Chinaj Siam, and
between Lhasa and Peking, and on the borders of China. Burma, He penetrated southwards to within a month’s

paOing to reach India through Upper Assam he returned march of Lhasa. In 1876 he visited the Lob
to the neighbourhood of Lhasa, and crossed the Hunalayas Hor and discovered the Altyn Tagh range In

by a more westerly route. Both these explorers visited 1879 he followed up the Urangi river to the

Lhasa. Altai mountains, and demonstrated to the world the

In 1871-73 the great Eussian explorer, Prjevalski, extraordinary physical changes which have passed over

crossed the Gobi desert from the north to Kansu in the heart of the Asiatic continent since Chenghiz Khan
Western China He first defined the geography of Tsaidam, massed his vast armies in those provinces. He crossed,

and mapped the hydrography of that remarkable region, and named, the Dzunganan extension of the Gobi desert,

London Stanforefs Geof'EsCabt

Sketch Map of Asia.

and then traversed the Gobi itself from Hand to Sachu, greatly to our knowledge of the topography of Western

which became a point of junction between his journeys Chinese Turkestan and the northern borders of Tibet
;

all

and those of TTirTiati Sing. He visited the sources of the these Eussian expeditions being conducted on scientific

Hoang-ho (Yellow river) and the Salween, and then re- principles and yielding results of th^ highest value,

turned to Eussia. His fourth journey in 1883-85 was to Altiiough the establishment of a lucrative trade between

Sining (the great trade centre of the Chinese borderland), India and Central Asia had been the dream of many sue-

and thence through Horthem Tibet (crossing the Altyn cessive Indian viceroys, and much had been done

Tagh to Lob Hor), and by the Cherchen-Kiria trade towards improving the approaches to Simla from expioia-

route to Khotan. From Khotan he followed the Tarim the north, very little was reallyknown of the high- nonsiwt

to Aksu. lands of the Pamirs, or of the regions of the Central

Following Prjevalski the Eussian explorers, Pevtsoff and great central depression, before the mission of Sir

Eoborovski, in 1889-90 (and again in 1894) have added Douglas Forsyth to Yarkand in 1870. Shaw and Hay-
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ward were the European pioneers of geography into the

central dominion of Kashgar, arriving at Yarkand within

a few weeks of each other in 1868. Shaw subsequently

accompanied Forsyth’s mission in 1870, when Trotter

made the first maps of Chinese Turkestan.
^

The next great

accession to our knowledge of Central Asiatic geography

was gained with the Eusso-Afghan Boundary Commission

of 1884-86, when Afghan Turkestan and the Oxus regions

were mapped by smveyors under Holdich; and when Key
Elias crossed from China through the Pamirs and Badak-

to the camp of the commission, identifying the great

“ Dragon Lake,” Eangkul, on his way. About the same

time a mission, under Lockhart, crossed the Hindu Kush
into Wakhan, and returned to India by the Bashgol valley

of Kafinstan. This was Woodthorpe’s opportunity, and he

was then enabled to verify the results of McNair’s previous

explorations, and to determine the conformation of the

Hindu Kush. In 1885 Carey and Dalgleish, following

more or less the tracks of Prjevalski, contributed much
that was new to the map of Asia

j
and in 1886 Young-

husband completed a most adventurous journey acioss the

heart of the continent by crossing the Muztagh, the great

mountain barrier between China and Kashmir.

It was in 1886-87 that Bonvalot, accompanied by Prince

Henri d’Orleans, crossed the Tibetan plateau from north

to south, but failed to enter Lhasa. In 1889-91
Tibetan American traveller, Eockhill, commenced his

tfons^^" Tibetan journeys, and also attempted to reach

Lhasa, without success. By his writings, as much
as by his explorations, Eockhill has made his name great

in the annals of Asiatic research. In 1891 Bower made
his famous journey from Leh to Peking. He, too, failed to

penetrate the jealously guarded portals of Lhasa ; but he
secured (with the assistance of a native surveyor) a splendid

addition to our previous Tibetan mapping. In 1891-92-93

the gallant French explorer, De Ehins, was in the field of

Tibet, where he finally sacrificed his life to his work
;
and

the same years saw Curzon in the Pamirs, and Littledale

on his first great Tibetan journey, accompanied by his wife.

Littledale’s first journey ended at Peking ; his second, in

1894-95, took him almost within sight of the sacred walls

of Lhasa, but he failed to pass inside. Greatest amongst
recent Asiatic explorers (if we except Prjevalski) is the

brave Swede, Sven Hedin, whose travels through the deserts

of Takhla Makan and Tibet, and whose investigations in

the glacial regions of the Sarikol mountains, occupied him
from 1 894 to 1 896. His is a trulymonumental record. From
1896 to 1898 we find two British cavalry officers taking

the front position in the list of Tibetan travellers

—

Wellby

of the 18th Hussars, and Deasy of the 16th Lancers, each

striking out a new line, and each rendering most valuable

service to geography. The latter continued the Pamir
triangulation, which had been carried across the Hindu
Kush by Holdich and Wahab during the Pamir Boundary
Commission of 1895, into the plains of Kashgar and to

the sources of the Zarafshan.

Meanwhile, in the farther east so rapid has been the

progress of geographical research since the first beginnings

of investigation into the route connexion be-

ei'^/ora-
Burma and China in 1874 (when the

tions!^^“ brave Margary lost his life), that a gradually in-

creasing tide of exploration, setting from east to

west, and back again, has culminated in a flood of inquir-

ing experts intent on economic and commercial develop-

ment in China, essaying to unlock those doors to trade

which are hereafter to be propped open for the benefit of

humanity. GUI, of the Indian survey, first made his way
across China tp Eastern Tibet and Burma, and subse-

quently delighted the world with his story of the Eiver

^ GoMm Scmd. Then followed another charming writer,

Baber, who, in 1877-78, unravelled the geographic mys-
teries of the western provinces of the Celestial empire.
Mark Bell crossed the continent in 1887, and illustrated

its ancient trade routes, following the steps of Colquhoun
who wandered from Peking to Talifu in 1881. Meanwhile*
the acquisition of Burma and the demarcation of bound-
aries had opened the way to the extension of geogiaphical
surveys in directions hitherto untraversed. Woodthorpe was
followed into Burmese fields by many otheis

; and amongst
the earliest travellers to those mysterious mountains which
hide the sources of the Irrawaddy, the Salween, and the

Mekong, was Piince Henri d’Orleans. Burma was rapidly
brought under survey; Siam was already in the map-
making hands of McCarthy, whilst Curzon and Warrington
Smyth added much to our knowledge of its picturesque

coast districts.

Turning our attention westwards, no advance in the pro-

gress of scientific geography is more remarkable than that

recorded on the northern and north-western fron-

tiers of India. Here there is little matter of

exploration. It has rather been a wide extension Afghani"

of scientific geographical mapping. The Afghan staa, Bala*

war of 1878-80; the Eusso-Afghan Boundary
Commission of 1884-85 ; the occupation of Gilgit

and Chitral
;
the extension of boundaries east and north

of Afghanistan, and again, between Baluchistan and

Persia—these, added to the opportunities afforded by
the systematic survey of Baluchistan which has been

steadily progressing since 1880—have combined to pro-

duce a series of geographical maps which extend from

the Oxus to the Indus, and from the Indus to the

Euphrates.

In these professional labours the Indian surveyors have

been assisted by such scientific geographers as Houtonm
Schindler, Vaughan, and Sykes in Persia, and by Eobert-

son and Cockerill in Kafiristan and the Hindu Kush.

In still more western fields of research much addi-

tional light has been thrown since 1875 on the physio-

graphy of the great deserts and oases of Arabia.

The labours of Doughty and Blunt in Northern
Arabia in 1877-78 were followed by those of Schwein-

furth and Glaser in the south-west about ten years

later. In 1884-85 Mills made his adventurous journey

: through Oman, whilst Bent threw searchlights backwards

into ancient Semitic history by his investigations in the

Bahrein Islands in 1888, and in Hadramut in 1894-95.

In Northern Asia it is impossible to follow in detail the

results of the organized Eussian surveys. The vast steppes

and forest-clad mountain regions of Siberia have

assumed a new geographical aspect in the light Asia,

of these revelations, and already promise a new Siberia,

world of economic resources to Eussian enter-

prise in the near future. A remarkable expedition by

Baron Toll in 1892 through the regions watered by the

Lena, resulted in the collection of material which will

greatly help to elucidate some of the problems which beset

the geological history of the world, proving inter aha the

primeval existence of a boreal zone of the Jurassic Sea

round the North Pole. The distinguished scientist,^ Eicht-

hofen, has enriched the world by the results of his investi-

gations into the physiography of the North-East in China,

Korea, and Japan.

It is not possible further to follow the footsteps of that

great company of geographers of all nations who have

searched for new material for the iEustration of Asiatic

geography, geology, and history. In no period of the

worid’s history, of equal length of time, has so much

scientific enterprise been directed towards the field of

Asiatic inquiry as during the last quatter of the 19th

century.
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General Physiography of the Asiatic Continent,

Asia is divided laterally along the parallel of 40“ N. lat

by a depression which, commencing on the east of the

desert of Gobi, extends westwards through Mongoha to

Chinese Turkestan. To the west of Kashgar the central

depression is limited by the meridional range of Sarikol

and the great elevation of the Pamirs, of which the Sarikol

is the eastern face. The level of this depression (once a
vast inland sea) between the mountains which enclose the

sources of the Hoang-ho and the Sarikol range probably

never exceeds 2000 feet above sea, and modern researches

tend to prove that in the central portions of the Gobi
(about Lob Nor) it may be actually below sea-level. A
vast proportion of the continent north of this central line

is but a few hundred feet in altitude. Shelving gradually

upward from the low flats of Siberia the general continental

level rises to a great central water-parting, or divide, which
stretches from the Black Sea through the Elburz and the

Hindu Kush to the Tian Shan mountains in the Pamir
region, and hence to Bering Strait on the extreme north-

east. This great divide is not always marked by well-

defined ranges facing steeply either to the north or south.

There are considerable spaces where the strike, or axis, of

the main ranges is transverse to the water-parting, which
is then represented by intermediate highlands forming
lacustrine regions with an indefinite watershed. Only a
part of this great continental divide (including such ranges

as the Hindu Kush, Tian Shan, Altai, or Khangai) rises to

any great height, a considerable portion of it being below
5000 feet in altitude. South of the divide the level at

once drops to the central depression of Gobi, which forms

a vast interior, almost waterless, space, where the local

drainage is lost in deserts or swamps. South of this

enclosed depression is a second great hydrographic barrier

which parts it from the low plains of the Amur, of China,

Siam, and India, sinking into the shallows of the Yellow
Sea and the shoals which enclose the islands of Japan and
Pormosa, all of them once an integral part of the con-

tinent. This second barrier is one of the most mighty
upheavals in the world, both by reason of its extent and
its altitude. Starting from the Amur river and reaching

along the eastern margin of the Gobi desert towards the

sources of the Hoang-ho, it merges into the Altyn Tagh
and the Kuen Lun, forming the northern face of the vast

Tibetan highlands which are bounded on the south by the

Himalaya. This great lacustrine plateau averages 15,000
feet above sea-level. The Pamir highlands between the

base of the Tian Shan mountains and the eastern buttresses

of the Hindu Kush unite these two great divides, enclosing

the Gobi depression on the west
;
and they would again

be united on the east but for the transverse valley of

the Amur, which parts the Kinghan mountains from the

Yablonoi system to the east of Lake Baikal

If we consider the whole continent to be divided into

three sections, viz., a northern section with an average

altitude of less than 5000 feet above sea, where aU the

main rivers flow northward to the Mediterranean, the

Arctic Sea, or the Caspian ; a central section of depression,

where the drainage is lost in swamps or ‘‘hamfins,” and
of which the average level probably does not approach 2000
feet above seaj and a southern section divided between
highly elevated tablelands from 15,000 to 16,000 feet in

altitude, and lowlands of the Arabian, Indian, Siamese, and
Chinese peninsulas, with an ocean outlet for its drainage,

we find that there is only one direct connexion between
northern and southern sections which involves no moun-
tain passes, and no formidable barrier of altitudes. That
one is afforded by the narrow valley of the Hari Rud to

the west of Herat. From the Caspian to Karachi it is pos-

sible to pass without encountering any orographic obstacle

greater than the divide which separates the valley of the
Hari Rud from the Helmund “ hamiin ” basin, which may
be represented by an altitude of about 4000 feet above
sea-level. This fact possesses great significance in connexion
with the development of Asiatic railways.

Hydrography.—If we examine the hydrographic basins

of the three divisions of Asia thus indicated we find that

the northern division, which includes the drainage falling

into the Arctic Sea, the Aralo-Caspian depression, or the

Mediterranean, embraces an area of about 6,394,500 square
miles, as follows ;

—

Area of Arctic river basins ,

5 ,
Aralo-Oaspian basin ,

3 , Mediterranean ,

Sq. miles.

4.367.000

1.758.000

268,500

Total . . . 6,394,500

The southern division is nearly equal in extent

—

Sq. miles.

Pacific drainage 3,641,000
Indian Ocean 2,873,000

Total . . . 6,514,000

The interior or inland basins, including the lacustrine

legions south of the Arctic watershed, the Gobi depres-

sion, Tibetan plateau, the Iranian (or Perso-Aighan) up-

lands, the Syro-Arabian inland basin, and that of Asia
Minor, amount to 3,141,500 sq. miles, or about half the

extent of the other two.

By far the largest Asiatic river basin is that of the Ob,
which exceeds 1,000,000 sq. miles in extent. On the east

and south the Amur embraces no less than 776,000 sq.

miles, the Yang-tse-kiang including 685,000, the Ganges
409,500, and the Indus 370,000 sq. miles.

The lakes of Asia are innumerable, and vary in size from
an inland sea (such as Lakes Baikal and Balkash) to a high-

land loch, or the indefinitely extended swamps of Persia.

Many of them are at high elevations (Lake Victoria,

13,400 feet, being probably the most elevated), and are

undoubted vestiges of an ancient period of glaciation.

Such lakes, as a rule, show indications of a gradual de-

crease in size. Others are relics of an earlier geological

period, when land areas recently emerged from the sea

were spread at low levels with alternate inundations of

salt and fresh water. Of these Lob Nor and the Hel-

mund “ hamfins are typical Such lakes (in common
with all the plateau “hamiins’' of S.W. Baluchistan and
Persia) change their form and extent from season to season,

and many of them are impregnated with saline deposits from

the underlying strata. The “kavirs,” or salt depressions, of

the Persian desert are more frequently widespread deposits

of mud and salt than water-covered areas.

Geology.—Over a OTeat part of Asia, mcluding the Caspian
depression, the CentrS Asian Khanates, Turkestan, Tibet, China,
Siberia, and India, geological research has been closely, and, in

many regions, scientifically pursued. The results of such in-

vestigations are at present too disconnected and fragmentary to

afford material for the construction of a continuous geological

history of the formation of the whole continent. They have
mainly been directed to those regions whose economic develop-

ment seems possible, and whose resources of mineral wealth may
be expected to enrich the world.

The great Caspian depression and its extension to the Aral Sea
has been examined by Russian scientists, and the old theory of

the former Oxus contribution to the Caspian finally dismissed.

Whilst the extent and nature of these beds of an ancient western

ocean have been under investigation, the Central Sea to the cast of

the Pamirs, represented by the Grobi Sands, the Tarim desert, and
by the shallow lakes and swamps of Lob Kor, has also received

much attention
;
but it has not yet been exhansiiyely explored,

and we await the results of Sven Hedin^s expedition to decide

the position and extent of its possible survival in the existing

lake system. Geological researches in Siberia have proved
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the existence of almost boundless sources of mineral wealth

in the north. Explorations in China have opened up new and

vast fields for mining industry in the east
;
and the plains of

India and Burma appear in a new light under the display of

economic possibilities which the systematic labouis of the Geologi-

cal Survey of India have revealed. Never perhaps in the world’s

history has the importance of investigating old fields by the newest

lights of science been so fully illustrated as in Asia during the last

quarter of the 19th century. Changes in the configuration of

the continent, due to slow processes of upheaval and subsidence,

. - have been proved not only to have taken place in the
physical thereby modified chmatic conditions, and to

tbee^b^ have sensibly affected the history of the human race iu

crast
* continued action can be traced in the

present, and in one instance at least (in Turkestan)

the actual measurement of the progress in upheaval has been

found possible.

One of the most remarkable discoveries of the last decade of the

19th century is the continuation westwards through Baluchistan to

- the Persian border of that line of volcanic activity which,
oicanoes.

commencing in Kamchatka, and following the eastern

coast-line of Asia to the Malay archipelago, there turns westward
to the Sea of Bengal and is arrested in Arakan. No trace of

it is to be found in the line of depression formed by the Indo-

Gaugetic alluvial plain across the width of the Indian penin-

sula, but it is again manifest in the active mud volcanoes

of the Makrdn coast, and continues trending slightly north

of west to the Persian frontier, where in (approximate)

lat. 28® 30' N. and long. 61' E. it culminates in a giant inland

volcano called the Koh-i-Taftan, or burning” mountain. The
highest peak of this mountain is 13,480 feet above sea-level, and
from it there issues a perpetual pillar of smoke, which hangs
heavily above the snow-clad summit. This volcano (which has

been ascended by Captain Sykes) is, so far as is known at present,

the only inland volcano in Asia. Its position has been well fixed

from the Baluchistan survey bases.

In India geological science has shaped the historical outline for

the evolution of geography from the early ages, when a land con-

f f 3 f
nexion existed between India and Africa, to the gradual

- and slow process of Himalayan upheaval, and the form-

India
^ition of the Himalayan valleys, by erosion, in the

form in which we now see them. The entire penin-

sular area, including the noith-west borderlands and Burma,
are shown to have been submerged when the greater part of

the peninsula (including the Gangetio basin) existed in the

form of dry land, and the fascinating theory of a continuous sea

which united the basins of the Indus and Ganges has to be given
up. Many of the shifting changes which have occurred in the
channels of great rivers are matters of history, as are some of the
alterations in the coast-line, which can he readily traced on the
Makran seaboard and between Bombay and Karachi.

CliTnate.—Although the general nature of those infiuences which
govern the phenomena of climate over the broad area of the Asiatic

continent have been fairly well established, yet the improvements
in the methods of meteorological science and the establishment of

centres for the record of observed phenomena over a very wide
extent of Southern and Western Asia have much improved our
knowledge of local cause and effect, and have especially assisted in
supplying those data which enable meteorologists to determine the
probable course and duration of disturbances, or, in other words, to
make “weather forecasts.” Improved means of telegraphic com-
munication have added greatly to the facilities with which such
prevision is rendered possible. For instance, the atmospheric
conditions prevailing in early summer in the neighbourhood of
the Seychelles Islands indicate the probable force and fulness of
the monsoon on which the prospects of Indian agriculturists so
largely depend

;
and much loss of life and property is undoubtedly

averted by the comparative facility with which the probable
course of hurricanes and cyclones can be foreseen and the necessary
precautions signalled.^ In the field of investigation into climatic
influence on the conditions of life, and ultimately of human exist-

ence, considerable advance has been made of late years, with
results that will be more beneficial than they are at present when
the theories which support them become more fully confirmed and
xecomized. The proposition that malarial fever is directly propa-
gated by a special breed of mosquito is one of the theories which
is new to science at present, and can now be said to be fiilly

accepted.
^
It is one ofseveral which emanate from closer research

into the intimate relations between atmospheric and biological
conditions.

T^de^,—Collaterally with investigation into the movements of
^eat air-currents special studyhas been directed to tidal phenomenaSthe coasts of Western Asia. Tidal stations have been estab-

on the coasts of Xpdia, at Aden and Suez, wl^ere a graphic
flpn qf remtration simplies tl^ose data from, yrhich tidal elements

c^oulated ana ctirves representing momentary variation
W sea-level during any peiriod can be constructed.

In connexion with these tidal observations extensive levellmg
operations in India have been carried out to ascertain whether
theie is any appreciable difference in mean sea-level at various
points. The immediate practical benefit of these tidal deteimina-
tions to the science of navigation is obvious. One of the ultimate
results of them will be to supply a more assured basis than exists

at present for the determination of altitudes over the land surface
of Southern Asia.

Recent Investigations,—The first great lesult of recent geo-
graphical research has been to modify pre-existing ideas of the
orography of the vast central region represented by Tibet and
Mongolia. The great highland jjlateau which stretches from the
Himalaya northwards to Chinese Turkestan, and from the frontier
of Kashmir eastwards to China, has now been defined with com-
parative geographical exactness. The position of Sachu (or Saitu)
in Mongolia may be taken as an obligatory point in modern map
construction. Tlie longitude value now adopted is 94® 54' E. of
Greenwich, which is the revised value given by Prjevalski in the
map accompanying the account of his fourth exploration into
Central Asia. Other values aie as follows ;

—

Prjevalski, by his second and third explorations 94® 26'

Krishna . . . . . 94® 23'

Carey and Dalgleish . . . . 94® 48'

Littledale ... .94® 49'

Kreitner (with Szecheny’s expedition) . 94® 58'

The longitude of Darchendo, or Ta Chien Lu, on the extreme
east, may be accepted as another obligatory point. The adopted
value by the Royal Geographical Society is 102® 12".

Krishna gives 102® 15"

Kreitner 102® 5"

Baber 102® 18"

South and west the bounding territoiies are well fixed in

geographical position by the Indian survey determinations of the

value of Himalayan peaks. On the north the Chinese Turkestan
explorations are now being brought into survey connexion with
Kashmir and India.

No longer do we regard the Kuen Lun mountains, which extend

from the frontiers of Kashmir, north of Leh, almost due east to

the Chinese province of Kansu, as the southern limit of the Gobi or

Turkestan depression. This very remarkable longitudinal chain is

undoubtedly the northern limit of the Chang Tang, the elevated

highland steppes of Tibet ; but from it there branches a minor
system to the north-east from a point in about 83® E. longitude,

which culminates in the Altyn Tagh, and extends eastwards in a
continuous water-divide to the Nan Shan mountains, north of the

Koko Nor basin. Thus between Tibet and the low-lying sands

of Gobi we have, thrust in, a system of elevated valleys (Tsaidam),

8000 to 9000 feet above sea-level, forming an intermediate steppe

between the highest regions and the lowest, east of Loh Nor, All

this is comparatively new geography, and it goes far to explain

why the great trade routes from Peking to the west were puslied so

far to the north.

On the w’estern edge of the Kashgar plains,, the political bound-

ary between Russia and China is now defined by the meridional

range of Sarikol. This range (known to the ancients

as Tauius, and in mediseval times as Bolor) like

many others of the most important great natural
hQ^tadary*

mountain divisions of the world, consists of two parallel

chains, of which the western is the water-divide of the Pamirs, and

the eastern (which has been known as the Kashgar or Kandar

range) is split at inteiTals by lateral gorges to allow of the passage

of the mam drainage from the eastern Pamir slopes. It is on this

eastern ridge that the highest peaks at present known north of the

Himalaya have been fixed. Here is the Muztagh Ata of Sven

Hedin (not to be confounded with the Muztagh range on the

Kashmir frontier), whose height has been determined to be 24,000

feet above sea-level ; and there are other peaks on this eastern ridge

which may possibly be found to approach this value closely, when

their altitude has been scientifically determined.

The Sarikol range marks the position of the great water-divide

between the Aralo-Caspian basin and the central system of hydro-

graphy terminating in the Lob Nor depression. Im-
central

mediately between the Sarikol and the Kashgar (or
continental

Kandar) are the lowlands of the Sarikol valley, ofwhich
the Taghdumhash Pamir forms a southern extension, ^fynae.
The tri-junction of the boundaries of three great

empires—^Russia, China, and British India—is not inappropriately

situated near the tri-junction of three great Asiatic mountam

systems where the Sarikol range, reaching southwards to a junction

With the Hindu Kush and the Muztagh ranges, defines the head of

the Taghdumhash Pamir.
From this point the Hindu Kush trends westwards and south-

westwai’ds, overlooking the narrow valley of the Panja (one of the

main Oxns affluents on the north) till it merges beyond Kabul into

the mountains which separate Afghanistan from Afghan Turkestan.
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Hindu
Kush and
Muztagh
ranffes^

Indian
frontiers—
Afghan-
istan, &c.

From the same point the Muztagh mountains stretch eastwards
and soiithwm*ds, separating the sources of the Zarafshan, or

river of Yarkand, from the gigantic glacier region of
ISTorthern Kashmir. Much has been done towards
elucidating the exact configuiation of both of these im-
portant ranges. The Hindu Kush has been crossed at
several points, and it is only where it passes through the

unexplored wilderness of Kafiristan that the position of the main
water-divide is at all doubtful.

^

The Muztagh has been crossed
once (by Younghusband) at a point where its passage may be con-
sidered to be ordinarily impracticable, not far from the gigantic
peak Godwin Austen, which ranks as second only to Everest in the
scale of Himalayan altitudes. Much practical gain (political and
military) has been derived from a better appreciation of the
physical characteristics of the mass of mountainous country which
intervenes between the north of India and the southern borders of
Asiatic Russia ;

and much has been attained in the more western
regions, which include Northern Afghanistan and'Peisia.

In Western Asia we have learned the exact value of the mountain
barrier which lies betv’’een Merv and Herat, and have mapped

its connexion with the Elburz: of Persia. We can now
fully appreciate the factor in practical politics

which that definite but somewhat irregular mountain
system represents which connects the water -divide
north of Herat with the southern abutment of the

Hindu Kush, near Bamian, Every pass of importance is known
and recorded ;

every route of significance has been explored and
mapped ;

Afghanistan has assumed a new political entity by the
demarcation of a boundary ; the value of Herat and of the Pamirs
as bases of aggression has been assessed, and the whole inter-

vening space of mountain and plain thoroughly examined.
Although within the limits of Western Asiatic states, still under

Asiatic government and beyond the active influence of European
. interests, the material progress of the Eastern world has

Persia.
appeared to remain stationary, yet large accessions to

geographical knowledge have at least been made, and in some in-

stances a deeper knowledge of the surface of the country and modern
conditions of life has led to the straightening of many crooked paths

in history, and a better appreciation of the slow processes of advan-
cing civilization. The steady advance of scientific inquiry into

every corner of Persia, backed by the unceasing efforts of a new
school of geographical explorers, has left nothing unexamined that

can be subjected to superficial observation. The geographical map
of the country is fairly complete, and with it much detailed in-

formation is now accessible regarding the coast and harbours of the

Persian Gulf, the routes and passes of the interior, and the possi-

bilities of commercial development by the construction of trade

roads uniting the Caspian, the Karun, the Persian Gulf, and India,

vid Sistan. Persia has assumed a comprehensible position as a
factor in future Eastern politics. (See Persia.)

In Arabia progress has been slower. Little more is known of

the wide spaces of interior desert than has already been given to

. the world in the works of Burton, Palgrave, and Felly
Arabia.

amongst Englishmen, and Niebuhr, Burckhardt,

Yisconte, HaUvy and others, amongst foreign travellers. Doughty
and Blunt haye visited and illustrated the district of Nejd, and
described the waning glories of the Wahabi empire. But extended

geographical knowledge does not point to any great practical issue.

Commercial relations with Arabia remain much as they were in

1875. (See Arabia.)
In Asia Minor, Syria, and Mesopotamia there is little to record

of progress in material development beyond the promises held

out by the Euphrates Valley Railway concession to a

German company. The exact information obtained by
the researches of English surveyors in Palestine and

beyond Jordan, or by the efforts of explorers in the regions that lie

between the Mediterranean and thfe Caspian, have so lar led rather

to the elucidation of history than to fresh commercial enterprise or

the possible increase of material wealth.

Asiatic Russia, especially Eastern Siberia and Mongolia, have
been brought within the sphere of Russian exploration, with results

n 3 t
so surprising as to form an epoch in the history of

Kussiain
3^ development of the

resources of the Old World which parallels the best

records of the New. Further references to the results of recent

Russian enterprise will be made when considering the general

question of Asiatic progress.

The great central depression of the continent which reaches from
the foot of the Pamir plateau on the west through the Tarim desert

to Lob Nor and the Gobi is still under examination.

This vast area of low elevation centres about Lob Nor,

where we find, in a lake system (the full details ofwhich
arenotyet fullyknown, althoughmuchhas been recorded

of them by Pijevalski and Sven Hedin), the last sur-

viving evidences of a great inland sea. The depression westward of

the Caspian and Aral basins, and the ori^nal connexion of these

seas, has also come under the close invest^tion of Russian scien-

Asia
Minor, Ac.

Chinese
Turkestan
and Oxus
basin.

tists, with the result that the theory of an ancient connexion
between the Oxus and the Caspian has been displaced by the more
recent hypothesis of an extension of the Caspian Sea eastwards into
trans-Caspian territory within the post-Pleiocene age. The dis-

covery of shells (now Uving in the Caspian) at a distance of about
100 miles inland, at an altitude of 140 to 280 feet above the present
level of the Caspian, gives support to this hypothesis, which is

further advanced by the ascertained nature of the Kara-kum sands,
which appear to be a purely marine formation exhibiting no traces

of fluviatile deposits which might be considered as delta deposits of
the Oxus.

In the discussion of this problem we find the names of Kaulbars,
Anneukoff, Lessar, and Konshin prominent. Further matter of

interest in connexion with the Oxus basin was elucidated by the
researches of Griesbach in connexion with the Russo-Atghan
Boundary Commission. He reported the gradual foimation of an
anticlinal, or ridge, extending longitudinally through the great
Balkh plain of Afghan Turkestan, which effectually shuts oft the
northern affluents of that basin from actual junction Avith the river.

This evidence of a gradual process of upheaval still in action may
throw some light on the physical (especially the climatic) changes
which must have passed over that part of Asia since Balkh was the
‘‘mother of cities,” the great trade centre of Asia, and the plains of
Balkh were green "with cultivation. In the restoration of the out-
lines of ancient and mediaeval geography in Asia Sven Hedin’s
discoveries of the actual remains of cities which have long been
buried under the advancing waves of sand in the Takla Makan
desert, cities which flourished in the comparatively recent period
of Buddhist ascendency in High Asia, is of the very highest interest,

filling up a blank in the identification of sites mentioned by early
geographers and illustrating more fully the course of old pilgrim
routes.

With the completion of the surveys of Baluchistan and Makran
much light has also been throwm on the ancient connexion be-

tween east and west ; and the final settlement of „ .

the southern boundaries of Afghanistan has led to !

the reopening of one at least of the old trade routes
between Sistan and India. (See Baluchistan.)

Farther east no part of Asia has been brought under more care-

ful investigation than the hydrography of the strange mountain
wilderness that divides Tibet and Burma from China. „ ,

In this field the researches of travellers already men-
tioned, combined with the more exact reconnaissance of china
native surveyors and of those exploring parties which
have recently been working in the interests of commercial projects,
have left little to future inquiry. We know now for certain that
the great Tsangpo of Tibet and the Brahmaputra are one and the
same river

;
that north of the point where the great countermarch

of that river from east to west is effected are to be found the
sources of the Salween, the Mekong, the Yang-tse-kiang and the
Hoang-ho, or Yellow river, in order, from west to east

; and that
south of it, thrust in between the extreme eastern edge of the
Brahmaputra basin and the Salween, rise the dual sources of the
Irrawaddy. From the water-divide which separates the most eastern
affluent of the Brahmaputra, eastwards to the deep gorges which
enclose the most westerly branch of the upper Yang-tse-kiang (here

running from north to south), is a short space of 100 miles
;
and

within that space two mighty rivers, the Salween and the Mekong,
send down their torrents to Burma and Siam. These three livers

flow parallel to each other for some 300 miles, deep hidden in

narrow and precipitous troughs, amidst some of the grandest
scenery of Asia ; spreading apart where the Yang-tse takes its

course eastwards, not far north of the parallel of 25®.

The comparatively restricted area which still remains for close

investigation includes the most easterly sources of the Brahmaputra,
the most northerly sources of the Irrawaddy, and some 300 miles of

the course of the Upper Salween.

Ancient Trade Routes and Modem JRmlways.

No branch of knowledge gained by the results of recent Asiatic

research is more instructive than the comparison of ancient means
of trade communication with modem, the directions along which
the wealth of East and West has been interchanged at various

epochs in the world’s history, and the means and methods of its

propulsion. “ The struggle for these trade routes forms a key to

the policy and the wars of many nations ” ; and even if thecommand
of them was “the expression rather than the cause of the aggran-

disement of a nation,” examples in which “the possession of

Asiatic trade ^ has marked high water iu the history of empire
and its loss marked the ebb of the tide ” are so frequent and so

conspicuous in the world’s great chronicle that no general con-

sideration of the physiogra^y of the continent of Asia can be

regarded as complete without a reference to them. The two
earliest civilized communities that created a demand for trade

were, undoubtedly, Egypt on the west and China on the east : and

^ Hunter, Mist, of India, vol. L
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thus from the earliest historical times there has not only existed a

right-of-way to traders across the entire continent of Asia, but we

can faintly tiace the dawn of a sea-borne trahic in the records of

Egyptian fleets in the Red Sea and of Chinese junks east of Ceylon.

The great development of Asiatic tiade has, however, been in

hands that are neither Egyptian nor Mongolian, but which

belonged to Semitic races—Jews, Phoenicians, or Sabsean Arabs

;

and clear liistoiy only begins with those early days when Arabs weie
masters of the Eastern seas, with settlements on the coast of India,

in Ceylon, in the Stiaits, and China, as well as on the shoies of

Eastern Africa—^if indeed they were not planted in the interior of

that continent. Egypt, Assyiia, Babylon, Persia, Macedonia, had
each secured the right of trade to Eastern Asia in turn, and each

in turn had lost it when Rome appeared in the field, and for seven

centuries (from 1st century B.c. to the 6th a.d.) held more or less

complete command of the regions intervening between Eastern

Asia and the Mediterranean. But Egyptians were busy with

their ships whilst Rome held command on hind. The Aiabs
gradually superseded the Egyptians on the high seas, and ere the

days of Islam had alieady established themselves as the greatest

nation of tiaders that the world had ever seen. The conquest of

Sind (in the 8th century a.d.) led to the establishment
Lead mute route through Makian, north of the Arabian

Sea, to the Indus valley. The port of Tiz, in the hay
o lua a.

Chabar, was the terminus of the voyage eastwards of

the Arab merchantmen, and from Tiz through Kiz, or Kej, to Bela

and the Indus valley the journey was performed on land. Prom
the far east the clumsy Chinese junk met the buggalow of the Arab
at Ceylon. Here cargoes were exchanged, and thus for centuries

the trade between East and West was maintained by sea till the

Cape route was discovered by a Poituguese explorer and the whole
traffic of the East diverted into new channels. From

f
pi^e^iis^^oric days the land routes of Asia have remained

Of
the same through the eastern parts of the con-

^ tinent. The geographical position of Kashgar, almost

on the same parallel of latitude as Peking, with nearly 2000

miles of low-lying desert and steppe intervening, and forming a

long narrow area of depression between the Tibetan plateau and
the Tian-Shan mountains, a depression which, so far as we know,
between Kashgar and the Upper Amur never rises above 2000 feet

above sea-level and may sink to less than 500, renders it an almost
obligatory point in any line of trade connecting China and the
Caspian. All recent travellers have confirmed its importance, and
we find several routes from the east gathering themselves at

Kashgar before diverging again westwards. Only one route of any
importance passes to the north of Kashgar, i.e,, that which, following

the modern track between Peking and Hami, strikes off from the
latter place to Urumtsi and Kulja, instead of passing through
Aksu, south of the Tian-Shan, to Kashgar. Another route which
was much used by the silk traders from CentralChina passes through
Sinmg-fu (east of Koko Nor), and skirts the northern foot of the
Altyn Tagh and the southern edge of the Tarim desert. Prom
Kashgar westwards over the elevated region of the Pamirs the most
direct route follows the Kashgar river to its source, and, crossing

the great continental water-divide by the passes which lead into
the Altai valley, makes its way by the fertile banks of the Surkhab
to the Oxus. But from the southern towns of Chinese Turkestan,
which group themselves along the foot of the Kuen Lun and once
spread into the plains of Lob PTor and the Takla Makan desert,

the road to the Oxus lay through Tashkurghan (the “stone tower
”

of mediaeval geogr^hy) and by the passes of the Sarikol to the
great Pamirs and Lake Yictoria. There can be little doubt that
this was a much-traversed Khafila route during the middle centuries
of our era. Prom Lake Victoria it passes to Ishkashim and across
Badakshan to Afghan Turkestan and Herat or Mashad,
The route from India uid Kandahar, Kiiman, and Babylon was

well enough known in Alexander’s time, but it is only lately that
the facilities of it have been fully demonstrated In later years
trade found its way from the Indus valley to the Oxus vid Kabul
and Balkh, and thence passed north of the Caspian into Russia, or
else by Tabriz and Tiflis to the Black Sea and Constantinople.
When the Arabs prevailed in Asia, and Baghdad became the capital
of the Caliphs, the Euphrates valley and Syria again were filled

with Eastern merchandise. Then the Saracen gave place to the
Crusader, and the command of the greatest trade routes of Asia
was in the hands of Christians. In 1258 Baghdad fell before
the Mogul, and by the commencement of the 15th century Turks
and Mongols had blocked the Syrian outlet. For 200 years
previously Venetians and Genoese had developed the overland
trade between India and EuropeM the Black Sea, and rendered
themselves supreme in the Mediterranean. Venetian influence
may still he traced along the coast districts of Persia and Makrdn
to Western India. In Makran Venetian gold coins were till quite
recently recognized as the only gold currency.

It was the barrier set by the Mogul that started the Portuguese
quest for a new sea route, and thus was initiated that line of sea
traffic Totmd the Cape of Good Hope which revolutionized the

whole system of Eastern trade. How, once again lias the Red Sea
resumed its pre-eminence in the commeiciul geography of the world.
The ships ot Taishish are leplaced by the modern ocean
liners. But no developments coriesponding in space
have distinguished the methods of land transport. routes.

For a vast part of Asia the slow-moving camel is still the mainstay
of the merchant traveller

; and tlieie is as yet no land connexion
between Europe and Eastern Asia that will compete with the
facilitated sea loute. But we are within a measurable distance of
witnessing such an overland coniiexion, and we aie meanwhile
already in possession of such perfected systems of local communica-
tion in India as render her lailway developments of the last

quarter of the 19th century distinguished in the annals of the
world’s progress.

The first great continental line of railway which will biing
Western Europe into touch with Eastern Asia will be that of
Siberia. The Russian system connects St. Petersburg
with the Asiatic fion tier by a line which is rather
more than 1700 miles in length, passing through
Moscow. Prom the Asiatic fiontier eastwards, the Western
Siberia line now extends to beyond the 90th meridian of east

longitude, linking up with the Central Siberian line, which will

touch Lake Baikal at Irkutsk. So far the traffic returns have
shown a steady increase as the various sections of the line have
been opened, and so great an expanse of tiade is anticipated that
the line is now being adapted for the service of at least eight pairs

of tiains, instead of the thiee for which the original calculations

were framed. Prom Iikutsk eastwards the trans- Baikal and
Manchurian sections of this great continental line will extend to a
junction with the Usuri railway of the Amur liver basin, of which
the teiminal port is at Vladivostok, on the Pacific coast. A part

of the Usuri line is already complete. It was initiated by the

present emperor on the 19th May 1891. The Baltic and Pacifio

will thus be connected by a line which will be little short of 6000
miles in length, coveiing nearly a quarter of the ciicumfeience of

the globe. A remarkable featuie in this enterprise is that the

railway traverses those vast steppes and wide uplands which have
historically been regarded as the waste lands of Asia, passing far to

the north of the teeming districts whose wealth has been the

desire of the nations from time immemorial Undoubtedly it will

eventually be connected with Central China and Peking, but at

present the tardily recognized resources of Siberia alone are held

amply to justify the construction of this magnificent line. Farther

south, the ports of the Caspian have been connected by rail with
the Central Asian Khanates by a line which passes along the foot

of the northern slopes of the Persian Elburz to Merv, Bokhara,
and Samaikand. Here, again, the advent of the railway is marked
by enormous commercial developments, and the province of Fer-

ghana already reproduces the smiling landscapes of Central Asia

ere the days of Mogul devastation.

Whilst Russia has been so busy, India (strictly within the limits

of her own borders) has effected even more in actual length of

railway extension. An extent of line which would .

nearly circle the globe (about 23,000 miles) represented

the railway traffic capabilities of India at the close
^ *

of the 19th century, and of this amount three -fourths at least

have been brought into existence since 1875. The record of the

many schemes which have resulted in so great an accession of

trade arteries belongs to the annals of India. They can hardly

be called continental, for as yet no definite proposal has taken

practical shape which will end in linking India with Europe.

Between India and China there is indeed a prospect of the evolu-

tion of a practical scheme of connexion. The extension of Burmese
railways noithwards to Mogaung, in the Upper Irrawaddy basin, and

north-eastwards from Mandalay to the Kunlon ferry on the Salween,

points the way to further extensions which will unite Dibrugaih,

in Upper Assam, with Mogaung, and the Kunlon ferry with Talifu,

in the Chinese province of Yun-nan. But at present, with all the

wealth of interior railway development which has distinguished

the close of the century, both within the peninsula of India and

in Burma, the two still remain unconnected and, in a measure,

isolated from the rest of the world.

China.—In China we find perhaps the most noteworthy record

of Asiatic national evolution that the history of the 19th century

can show. It is not a long record, but it is a most
surprising one. The old order has changed

;
the con-

servatism of her political principles is disappearing;

the bulwark of .national antipathy to foreign innovations has been

broken through, and the sacred seclusion that hedged about the

Imperial Court has been invaded. The birth of a new century

will herald the birth of a new era for China—an era of railways

and company projectors, and mining developments ; the scattering

of empire ;
the burial of prehistoric isolation and dignity. The

record of China’s late achievements in material progress so far is

not a long one, but its promise is great, for it is a practical indica-

tion that the hostility of China to the introduction of railways

has at last disappeared. The first railway from Shanghai to

Cbiaese
railways^
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Wusung (on the coast) was laid in 1876, and was eagerly utilized.

The following year it was torn up by the authorities. The next
temporary line (which tapped the JKaiping collieries and extended to

the Taku forts) is now replaced by a permanent connexion between
these (now demolished) forts and Tientsin, and extends north-east-
wards into Manchuria.^ In 1897 a line was laid from Peking to Tien-
tsin—73 miles—and it is already doubled. Anotherrailway is under
construction by a Belgian company which will ultimately connect
Peking with Hankow on the Yang-tse-kiang, and a new line now
links Shanghai with Wusung. These, with a few short industrial

lines for the conveyance of material m the Yang-tse basin, are all

that exist. The great extent of waterways in China undoubtedly
reduces the prospective profits of railway undertakings, as they
have formed the great natural trade arteries of the country from
time immemorial. But considering the length of the great river
channels and the volume of the river discharge, the length of the
actual waterway is comparatively small. Explorations have only
lately been carried into the basins of the Upper Yang-tse tributaries

by the agents of European syndicates to determine their possible
value as lines of internal trade communication either by rail or
river, and the result will probably be a development of steam navi-
gation in the Min and Kialing affluents of the Yang-tse, and a
possible railway connexion between Burma and Central China.
An extension from the Russian-Siberian system into Manchuria,
and a connexion between the Central Siberian railway and Central
China, are the chief continental projects now before the world.

Persia,—The development of roads in Persia has been slow, but
not unimportant. Railways do not exist. The opening of the
Karun river to navigation in 1889 was the first step towards
an awakening of commercial speculative interest in Persia, which
has not been altogether unproductive of benefit to the countiy.
Hitherto this country, which includes more than half a million
square miles of territory without navigable rivers (except about 200
miles of the Karun), and nine millions of intelligent and industrious

inhabitants, has had to “carry on its foreign trade and local traffic

along mule tracks, the like of which are hardly to be met with in

any other part of the world, however backward.’’ In 1880 a cart

road was constructed between Tehran (or Teheran, the latter being
more popular hut less correct) and Kasvin (96 miles)

;
in

1883 Tehran was connected with Kum (97 miles)
; and in 1890

Mashad and Askabad, in Russian territory, were united by a more
or less metalled road 150 miles in length. Concessions have been
granted for the construction of roads between Tehran and Ahwaz,
with a branch road to Ispahan from Burujird

; between Tehran
and Baghdad

;
Tabriz and Astara

;
Tabriz and Bayazid

;
Zinjan

and Burujird ;
Kazvin andHamadan

;
and Kazvin and Resht ; but

only the last, the concession for which was granted in 1893, has
become a fait aecom^U so far. This road has been engineered by
Russians, and has largely widened the circle of her Persian trade.

It has also shortened the distance between Europe and Tehran,
which place can now be reached from London, in case of urgency,

within two weeks md Baku and Resht. The road from Tehran to

Ahwaz (530 miles) has advanced as far as Kum, and the opening
of a trade route between Shuster and Ispahan through the Bak-
tiari country has been secured politically

;
but much remains

to be done on both these lines. A new route from which great

trade results are anticipated has been opened between Persia and
India. This connects Mashad with Quetta on the Indian rail-

^\ay system by way of Sistan and Hushki, passing through the
Helmund desert. On the north-west, Russian railways are rapidly

approaching Persia
;
and the completion of the Tiflis, Alexandropol-

Kars line, with a branch line from Alexandropol to Erivan, will

greatly affect the current of Persian trade. The result of these

railway developments on the north-west of Persia will he to increase

the importance of Tehran as a trade centre, and to draw away
traffic fiom the southern ports.

In Asia Minor and Syria progress in railway development has
been slow, but the recent concession to an Anatolian company for

the Euphrates valley line may reawaken commercial activity in

this part of Asia. A line from the Bosporus to Angora, and
another from Smyrna to Konieh, represent the chiefrailway systems

of Asia Minor at present. In Syria the Beirut-Damascus and
Jaffa-Jerusalem lines exhiibit little prospect of extension.

Ecimomie Developments and Commercial Enterprise in Asia,

It will be found, as might naturally he expected, that increase

of material wealth and of commercial importance amongst Asiatic

countries has been coincident with the development of trade rautes

and railways. Although Asia is the oldest amongst the histori-

cally recognized continents of the world, and although it was in

Asia that the “ cradle of civilization ” was rocked, it has remained
for the later centuries of our era, and especially for the latter part

of the 19th century, to witness a display of natural resources such
as could never have been imagined by those who first grasped at

the wealth of the East. Russia, India, China, Japan, and in a less

degree Persia, have all developed hidden capabilities and econoimc

possibilities such as must inevitably affect tne world’s commercial

Agricul-
tural
wealth of
Siberia,

Mineral
wealth.

history. In this field the most surprising advance has undoubtedly
been made by Russia.

In 1875 Russia was astride of the Caspian, but as yet only strain-

ing her eyes across the Eastern Turkman deserts. In 1880 she was
knocking at the gates of Merv. Five years later she was „ ssian
setting a limit to the northern borders of Afghanistan,
To-day she books her passengers from the Caspian to ^ ^

Samarkandby rail, and has completed two sections of a trans-Asiatic

line which wdl link her capital of St. Petersburg with Vladivostok,

on the shores of the Pacific. Already one may cross Asia by steam.

With these railways have arisen those local commercial develop-
ments which support them, and which were awaiting them.
Ferghana is once again a garden in Asia, lich in ceieals and iruit, and
rapidly developing a most important cotton tiade. Sibei ia and the
lands of the Amur have been found to be rich beyond all pievious

conjecture. Here five millions of square miles are inhabited by four

million inhabitants, but the tide of immigration has set in with a

steady flow which promises soon to adjust the balance. In 1898
400,000 immigrants were numbered, and the numbers are increas-

ing. It is said that “this vast territory, long looked on as a
barren waste, is destined to be one of the world’s
richest and most productive sections.” Here wheat
ripens with phenomenal rapidity, and in the Irkutsk
country the frost period only lasts for 100 days.

Transbaikalia and the Usuri regions are essentially

fitted for a^icultural development, and the wheat production of
the empire has already been sensibly increased since the opening
of the Central Siberian Railway. Rice is also now laigely grown
in Russia, its cultivation having commenced about the year 1880.

In the Caucasus, Transbaikal, and Turkestan regions, nee is sown
in the same way as wheat. The demand for it is increasing

throughout European Russia. Rice grown in Asia is shipped
uncleaned to the Caspian ports, and there sold to commission
agents. In late years the annual export from Baku has amounted
to nearly 50,000 tons.

The mineral resources of Western Siberia are boundless. Between
Tomsk and Kooznesk lie 23,000 square miles of coal lands as yet
untouched. In Eastern Siberia 400 places are known
in which gold is to be found, and iron, graphite, and
lapis-lazuli deposits are all awaiting develojjment.

The industries of Siberia are glowing rapidly. Chemicals, sugar,

and paper mills are already paying well, Manchuria looks to
Russia for the development of its natural wealth.

The Ob and the Yenisei both carry their fleets of
^

steamers, and Russian merchantmen are busy on the Pacific

between the Usuri coast and Japan. A strange industry has
arisen on the Arctic shores of Siberia, w here mammoth ivory is

found preserved in layers of underground ice. It is collected by
the primitive Tangut inhabitants for the maiket. These people

depend for their living on the migrations of animals. They come
with the reindeer herds to the Arctic coast in summer, and return

to the protection of the southern forests in winter.

Russian explorations in Manchuria in connexion with the

Siberian railway project, no less than English explorations in the

upper basin of the Yang-tse, have largely increased our

knowledge of the resources of Eastern Asia. Manchuria
churia.

has been called the Canada of China, and is found
capable of increasing largely her capacities for the supply of food

stuff and agricultural products in support of that increased popu-

lation of the north-eastern provinces of China which will attend

the development of the great northern coalfields in the province of

Shansi, and the collateral industries which will arise therefrom.

Although the resources of China in silk, tea, and opium have

long been known, and although much further material progress in

agriculture is hardly to he expected from a country

which has been highly cultivated by a swarming and o/
industrious population throughout historical ages, it is china,
only lately that these vast resources of mineral wealth
have been exhibited which require the development of the many
railway schemes which have been already floated to give them
practical effect. Vast fields of as yet untouched coal and anthra-

cite exist in the northern, western, and central provinces of China.

Copper, iron, mercury, silver, lead, and tin are amongst her

mineral products, and salt is found in the upper valleys of the

Yang-tse-kiaug, or Kinsha,
The modern history of Japan shows steady progress in scientific

and philosophic culture. Her arts and industries have received

a certain impetus since the conclusion of the war with

China in 1894, but it is chiefly in the direction of that

material advancement which now places Japan in the position of

an important military and naval power that the end of the 19th

century has to regard Japanese progress. Japan already possesses

3420 miles of railway and 662 miles of tdephone. Her army
includes 125,000 regulars and 407,000 reserves, and her navy
31 warships. (See Japan.)

India, Bnrma, and Ceylon.—FTo part of the Asiatic continent

has been so prolific in contribution to the general wealth of the

S. 1.— 90

Japan.
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world as India, and no countries have been so systematically

and continuously drained of their wealth as the Eastern posses-

„ . . sions of Gieat Britain. And yet it may be doubted
material ^ century of their chequered history can show a

more astonishing record of agricultural and industrial

development than the 19 th, and especially the conclud-

ing decades of it. It is a record which can only be referred to

here in sufficient detail to illustrate the part played by India,

Burma, and Ceylon in the economy of the Asiatic continent as

a whole.

The mam arteries of Indian railway communication connecting

Bombay with Calcutta, Calcutta with Lahore in the extreme north-

west, together Tvith a part of the Madras system, were
Indian

already in existence in 1870 ;
but the great north-

raiiways,
network was as yet in its infancy, and the

battle of the gauges had yet to he fought out ere a continuity

of gauge measurement for all the main Indian lines w^as finally

adopted. In 1899 the number of miles open for traffic and under
construction was 22,600 and 3568 respectively.

The advancement of irrigation works has also been notable,

especially on the Punjab, where for one million acres that were

r -L, irrigated in 1868 no less than 5,200,000 were irrigated
Irrizatlon. ^
The result of the increase in the area of production has been a

general increase in agricultural products, and a special develop-

4 ment of the growth of wheat for exportation. Under

cultural
indirect influence of a depreciation of the silver cur-

prosress, rency of India, the wheat of the Punjab has been lately
^ ^ * able to compete successfully with that of other countries

in the English markets, and to undersell that of home production.

Tea has lately superseded coffee cultivation in Ceylon, and cocoa

has superseded cinchona. Many districts in India have been found
suitable for tea growth which in 1880 were still under forest. More
than half a million of acres are now taken up with tea industry in

Forest
conserve

ancy.

India alone.

The conservation of forests has gradually expanded to the dimen-
sions of a state department with most gratifying results. Out of

the 960,000 square miles which constitute British India
(apart from the native states) 114,000 square miles are

now under the control of the Forest Department. The
exports from India to foreign porta amount to over

64,000 tons of teak wood alone, and the forest revenue is yearly

expanding. Many special woods from Burma have found their

special application in England, and the forests of Burma (as yet

undeveloped) promise to be a fruitful source of future revenue.

(See India and* Burma.)
The recent researches of the Geological Survey of India have

proved that country to be rich in mineral wealth. Yast areas

_ - . . known to bo covered with rooks that are the matrix of

gold, copper, lead, tin, iron, coal, salt, oil, &c., have
been mapped out, and actual mining operations on
many of these areas have proved that the geologists

are not mistaken. Since 1890 the coal production of

India has increased from a million and a half to four

million tons per annum. Enormous tracts of country are auri-

ferous
;
but of these all that is being worked is one small patch

in Mysore, and yet from this patch gold to the value of 222 lakhs
of rupees (a million and a half sterling) was mined in 1899.
Petroleum to the extent of 19 million gallons was extracted
in the same year, chiefly from the Burma oil wells. The salt

mines of the Punjab yielded 66,000 tons of rock salt. Mica to the
value of £85, 000 was exported from the mines at Hazaribagh, and
rubies worth £60,000 to £60,000 were removed from the gem-
hearing strata of Mogok (Burma). The mining industry of India
is still in its infancy, and yet it employs 263,000 persons, and
turns out material to the value of three millions per year.

This development of the mineral resources of India is of very
recent date, and yet hut a fractional part of the vast deposits of
coal, gold, and other minerals has been touched. New indus-
trial developments in many other directions remain to be recorded.
(See India.)

and
mineral
develops

ments.

The Political Geography of 4-sia.

The period since 1876 has been an era of boundary-marking in
Asia, of defining the politico-geographical limits of empire, and of

Southern
<i®t®rmining the responsibilities ofgovernments, Eussia,

boundary
Afghanistan, Baluchistan, India, and China

at Russia
revised their borders, and with the revision

... the political relations between these countries havem Asia.
acquired a new and more assured basis.

The advance of Russia to the Turkman deserts and the Oxns
demanded a definite boundar;^ between her trans-Caspian conquests
and the kingdom of Afghanistan. This was determined on the
noTth-west by the Russo-Afghan Boundary Commission of 1884-86.
A hpundary was then fixed between the Hari Rud (tie river of

and the Oxns, which is almost entirely artificial in its

,

Zulfikar, where the boundary leares the Hari Rud, is

about 70 miles south of Sarakhs, and the most southerly point of
the boundary (where it crosses the Kushk) is about 60 miles north
of Herat. From the junction of the boundary with the Oxus at
Kliamiah, about 150 miles above the crossing-point of the Russian
Trans-Caspian railway at Charjui, the main channel of the 0\us
river becomes the northern boundary of Afghanistan, separating
that country from Russia, and so continues to its source in
Victoria Lake of the Great Pamir. Beyond this point the Anglo-
Russian Commission of 1895 demarcated a line to the snow fields

and glaciers which overlook the Chinese border. Between the
Russian Pamirs and Chinese Turkestan the rugged line of the
Sarikol range intervenes, the actual dividing line being still

indefinite. Beyond Kashgar the southern boundary of Sibeiia
follows an irregular course to the north-east, partly defined by
the Tian-Shan and Alatau mountains, till it attains a northeily
point in about 63° N. lat. maiked by the Sayan range to the west
of Irkutsk. It then deflects south-east till it touches the Kunlon
affluent of the Amur river at a point which is shown in unofficial

maps as in about 117® 30' E, long, and 49° 20' FT. lat. From here
it follows this affluent to its junction with the Amur river, and the
Amur river to its junction wuth the Usuri. It follows the Usuri to
Its head (its direction now being a little west of south), and finally

strikes the Pacific Coast on about 42° 30' N. lat, at the mouth of
the Tumen river 100 miles south of the Amur bay, at the head of
which lies the Russian port of Vladivostok. At two points the
Russian boundary nearly approaches that of provinces which are

directly under British suzeiainty. Where the Oxus river takes its

great bend to the north from Ishkashim, the bieadth of Afghan
territory intervening between that river and the main water-divide
of the Hindu Kush is not more than 10 or 12 miles

;
and east of

the Pamir extension of Afghanistan, where the Beyik Pass ciosses

the Sarikol range and drops into the Taghdumbash Pamir, there

is but the narrow width of the Karaclinkar valley between the
Sarikol and the Muztagh. Here, however, the boundary is again

undefined. Eastwards of this the great Kashgar depression, vhich
includes the Tarim desert, separates Russia from the vast steiile

highlands of Tibet
;
and a continuous series of desert spaces of low

elevation, marking the limits of a primeval inland sea from the
Sarikol meridionsd watershed to the Khinghan mountains on the

western borders of Manchuria, divide her from the noithern pro-

vinces of China. From the Khinghan ranges to the Pacific, south
of the Amur, stretch the rich districts of Manchuria, a province
which connects Russia with the Korea by a series of valley^s formed
by the Sungari and its affluents—a land of hill and plain, forest

and swamp, possessing a delightful climate, and vast undeveloped
agiicultural resources. Over this land of promise leading to the

sea-girt peninsula of Korea, Russian influence is rapidly extending

;

as it is also over the w^estern Chinese province of the new dominion,
including Kashgar and Saiikol,

Coincident with the demarcation of Russian boundaries in Turkes-
tan was that of Northern Afghanistan. Fiom the Han Rud on the

west to the Saiikol mountains on the east her northern . . .

limits were set by the Boundary Commissions of 1884-

86 and of 1895 respectively. Her southern and eastern ^
boundaries have been further defined by a series of

minor commissions, working on the basis of the Kabul ^
agreement of 1893, which lasted for nearly 4 years, terminating

with the Mohmand settlement at the close ot an expedition in

1897.

The Pamir extension of Afghan territory to the north-east reaches

to a point a little short of 75° E. long., from whence it follows the

water-divide to the head of the Taghdumbash Pamir, and is thence-

forward defined by the water-parting of the Hindu Kush, It leaves

the Hindu Kush near the Dorah Pass at the head of one of the

minor Chitral affluents, and passing south-west divides Kafiristan

from Chitral and Bajaor, separates the sections of the Mohmands
who are within the respective spheres of Afghan and British sover-

eignty, and crosses the Peshawur-Kabul route at Landi-Khana.

It thus places a bioad width of independent teiritory betwep the

boundaries of Biitish India (which have remained practical!}’',

though not absolutely, untouched) and Afghanistan ;
and this inde-

pendent belt includes Swat, Bajaor, and a part of the Mohmand
territory north of the Kabul river. (See Afghanistan.) The same

principle of maintaining an intervening width of neutral territory

between the two countries is now definitely established throughout

the eastern borders of Afghanistan, along the full length of which

a definite boundary has been demarcated to the point where it

touches the northern limits of Baluchistan on the Gomul river.

From the Gomul Baluchistan itself becomes an intervening state

between British India and Afghanistan, and the dividing line

between Baluchistan and Afghanistan has been laid down with

all the precision employed on the more northerly sections of

the demarcation. (See Baluchistan.)
Baluchistan can no longer he regarded as a distinct entity

amongst Asiatic nations, such as Afghanistan undoubtedly is.

Baluchistan independence demands qualification. There is British

Baluchistan par excellence, and there is the rest of Baluchistan
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Political

boundary
between
Prance
and India,

Tvliicli exists in various degrees of independence, but which is every-
where subject to British control, British Baluchistan ofiB.cially in-

<;ludes the districts of Peshin, Sibi, and of Tal-Chotiali. As these
districts had originally been Afghan, they were trans-
ferred to British authority by the treaty of Gandamak

cbistan.
2879, although nominally they had been handed

over to Kalat forty years previously. Now they form an official

province of British Baluchistan within the Baluchistan Agency

;

and the agency extends from the Gomul to the Arabian Sea and
the Persian frontier. Within this agency there are districts as
independent as any in Afghanistan, but the political status of the
province as a whole is almost precisely that of the native states

of the Indian peninsula. The agent to the governor-general of
India, with a staff of political assistants, practically exercises

supreme control.

The increase of Russian influence on the northern Persian border
and its extension southwards towards Sistan have led to the appoint-

ment of a British consul at Kirman, the dominating™
‘ town of Southern Khorassan, directly connected with

Mashad on the north
;
and the acquisition of rights of adminis-

tration of the Nushki district has secured to Gieat Britain the
trade between Sistan and Quetta by the new Helmund desert

route. /

Whilst British India has so far avoided actual geographical con-

tact with one great European power in Asia on the north and west
she has touched another on the east. The Mekong
liver which limits British interests in Buima limits
also those of France in Tongking. The eastern bound-
aries of Burma are not yet fully demarcated on the
Chinese frontier. At a point level in latitude with
Mogaung, near the northern teimination of the Bur-

mese railway system, this boundary is defined by the eastern
watershed of the Nmaika, the eastern of the two great northern
affluents of the Irrawaddy. Then it follows an irregular course
southwards to a position south-east of Bhamo in lat. 24®. It next
defines the northern edge of the Shan States, and finally strikes

the Mekong river in lat. 21® 45' (approximately). From that point
southwards the river becomes the boundary between the Shan
States and Tongking for some 200 miles, the channel of the river
defining the limits of occupation (though not entirely of interest)

between French and British subjects. Approximately on the
parallel of 20® N. lat, the Burmese boundary leaves the Mekong to
run westwards towards the Salween, and thereafter following the
eastern watershed of the Salween basin it divides the Lower Burma
provinces from Siam.
More important, however, than the geographical relationship

of Great Britain and France in the wilds of Eastern Burma

Political
Great Britain and Russia still farther east.

boundaries
occupation of Port Arthur by the Russians at the

in the
between China and Japan in 1894

Farthest pl^-oed Russia in a position favourable for further
strategic developments. A line joining Yladivostok
with Port Arthur shuts off Korea from the rest ofAsia,

dominating the peninsula to the south as effectually as it

dominates Manchuria to the north. It further commands the
entrance to the Gulf of Pe-cheli, and thus might serve to close the
seaward gates of Peking. British occupation of Wei-hai-Wei on
the opposite side of the strait connecting the Yellow Sea with the
Pe-cheli Gulf ensures the due maintenance of British interests on
that coast

;
but it not only places Great Britain in closer geogra-

phical proximity to Russia here than has ever occurred yet in
Asiatic kistory, but this juxtaposition is effected at a point where
all the engines of naval warfare might be brought into action at a
day’s notice.

The following table gives a list of the different political divisions
of Asia, classified according as they are independent of European
Powers or otherwise, with the approximate area and population :

—

I. Ikdependent, or nominally Independent.

II. Dependent Territories.

Name of Country.

Persia .....
Afghanistan....
Arabia
"China

:

(1) China Proper

(2) Manchuria .

(3) Mongolia

(4) Tibet ....
(5) Dzungaria .

(6) Turkestan .

Total Chinese Territories
Japan . . , , .

-Siam

Total J'iideperident Asia

Area in square
miles.

628,000
215,500
960.000

1,336,850

362,310
1,288,000

652.000

147,950
431,800

4,218,910

152.000
200.000

Population.

9.000.

000

4.000.

000
2

.
000

.

000

386,000,000
7,500,000
2,000,000

6,000,000
600,000
580,000

402,680,000
46,500,000
5,000,000

Name of Country.
Area in square

miles.
Population.

Turkish Sphere.

Asia Minor, Armenia and Kmdistan,
Mesopotamia, Syiia, &c. 650,000 16,800,000

Russian Sphere.
Caucasus 180,843 9,248,695
Central Asia 1,548,825 7,721,684

5,727,100Siberia...... 4,833,496
Bokhara 92,000 2,500,000
Khiva 22,320 700,000
Kwang Tung (Port Arthur) .

Total Asiatic Russia 6,677,484 25,897,479

British Sphere.
British India 964,993 221,172,952
Native States .... 610,836 65,706,253
Baluchistan 130,000 500,000
Sikkim 28,020 38,458
Andaman and Nicobar Islands 3,135 20,000
Laccadive Islands.... 80 14,440
Aden 80 41,910
Bahrein Islands .... 25,000
British Borneo .... 97’000 720,000
Ceylon 25,333 3,009,460
Hong Kong and Kowloon 430 258,000
Straits Settlements and Depend-

encies 28,000 1,000,000
Wei-Hai-Wei ....
Total British Asia 1,887,907 292,506,473

French Sphere.

India 197 279,100
Indo-Chinese Peninsula 363,000 23,000,000

Total French Asia 363,197 23,279,100

• German Sphere.

Eliaochow 200 60,000

Portuguese Sphere.

India . . ... 1,390 495,000
Damao 168 77,450
Indian Archipelago 7,460 300,000

78,630Macao 4

Total Portuguese Asia . 9,022 951,080

Dutch Sphere.

Sumatra, Borneo, Java, Celebes,

Molucca, Timor, and smaller

islands 584,000 34,000,000

United States Sphere.

Philippine Islands 115,300 8,000,000

Total Dependent Asia . 10,287,110 401,494,132

Grand total, all Asia, Conti-
NENTAL AND INSULAR 16,661,620 870,674,132

6,374,410 469,180,000

The total area of Continental Asia alone is 17,800,000 miles,

and its roughly estimated population, 823,000,000.

The Ethnography of Asia,

Although no systematic inquiry into the ethnographical condi-

tions of British Asia has been instituted of late years, collateral

information has been acquired during the progress of late poli-

tical missions and military campaigns which has assisted to

illustrate some of the more complex of Asiatic race problems.

Within the limits of the continent vast emigrations have taken
place periodically, originated partly by the increase of populations

in certain districts, and the diminution of food supply in others

due to change of climatic conditions ; and partly by the lust of

conquest, resulting in the irruption of savage hordes into districts

already brought under civilized conditions of existence. These
irruptions occurred in days when war was not relegated to a

portion of the population set apart as the military caste, hut when
entire nations joined the movement, and their tides swept east

and west in fierce currents of swarming humanity for which we
can find no parallel later. Combining with the peoples whom
they swamped in their course, they have survived in com-
munities all over Southern Asia in conditions so mixed that

the problem of individual origin is involved in the greatest

entanglement.
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The result of trans-border surveys to the north and west of

India has been to establish the important geographical fact that it

is by two gateways only, one on the north-west and one on the

west of India, that the Central Asiatic tides of immigration have

flowed into the peninsula. The Kabul valley indicates the north-

western entrance, and Makrdn indicates that on the west. By the

Kabul valley route, which includes at its head the group of passes

across the Hindu Kush which extend from the Khawak to the

Kaoshan, all those Central Asian hordes, be they Sacae, Yuchi,

Jats, Goths, or Huns, who were driven towards the rich plains

of the south, entered the Punjab. Some of them migrated from

districts which belong to Eastern Asia, but none of them pene-

tiated into India by eastern passes. Such tides as set towards the

Himalaya broke against their farther buttresses, leaving an inter-

esting ethnographical flotsam in the northern valleys
;
but they

never overflowed the Himalayan barrier. And more recently most

of the histoiio invasions of India from Central Asia followed the

route which leads directly from Kabul to Peshawur and Delhi.

By the western gates of Makran prehistoric irruptions from

Mesopotamia broke into the plains of Lower Sind, and either passed

on towards the central provinces of India or were absorbed in the

highlands south of Kalat. In later centuries the Arabs from the

west reached the valley of the Indus by this western route, and
there established a dynasty wdiich lasted for 300 years. The
identification of existing peoples with the various Scythic,

Persian, and Arab races who have passed from High Asia into

the Indian borderland, has opened up a vast field of ethnographical

inquiry which has hardly yet found adequate workers for its

investigation. To such fields may he added the yet more com-
plicated problems of those reflex waves which flowed backwards
from India into the border highlands.

By far the greater part of the population of Asia is Mongolian.

In the form of nomadic and comparatively peaceful communities
they extend through the ice-bound steppes of Siberia and the

sterile sands of the central deserts to the plains north of the

Caspian, and through Eastern Asia, China, and Tibet to Burma
and Noithern India. We now know that to the Tibeto-Chinese
modifications of the pure Mongolian type all the Eastern Burmese
tribes—Chins, Kachins, Shans, &c.—belong (as indeed do the

Burmese themselves), and that a cognate race occupies the Himalaya
to the eastern limits of Kashmir.
Some new light has been thrown on the connexion between the

Tibetan race and certain tribes of Central India, the BMls and
K61s ;

and it seems more probable that these tribes are the remnants
of a Mongolian race which first displaced a yet earlier Negroid
population, and was then itself shouldered out by a Caucasian
irruption, than that they entered India by any of the northern
passages within historic times. Mongolian settlements have lately

|

been found very much farther extended into the border countries

of North-west India than has been hitherto recognized. The
Mingals, who, conjointly with the Brahuis, occupy the hills south
of Kalat to the limits of the Rajput province of Lus Bela, claim
Mongolian descent, and traces of a Mongolian colony have been
found in Makrdn.

Considerable progress has been made in the classification of the
various races which occupy the continent to the west of the great
!Mongoliau region. The ancient Sacse, or Scyths, are now recog-

nized in the Aryan population, who may he found in great numbers
and in their purest form in the more inaccessible mountains and
glens of the central highlands. These Tajiks (as they are usually
called) form the underlying population of Persia, Baluchistan,
Afghanistan, and Badakshan, and their language (in the central
districts of Asia) is found to contain words of Aryan or Sanskrit
derivation which are not known in Persian. They have been for
the most part dispossessed of their country by Turkish immigra-
tion and conquests, hut they still retain their original intellectual
superiority over the Turkish and other mixed tribes by which they
are surrounded. Uzbeks and Kirghiz have but small alFinity with
the Mongol element of Asia. They are the representatives of those
countless Turkish irruptions which have taken place through all

history. Of the two divisions (Kara Kirghiz and Kassak Kirghiz)
into which the Kirghiz tribes are divided by Russian authorities,
the Kassak Kirghiz is the more closely allied to tlie Mongol type ;

the Kara Kirghiz, who are found principally in the valleys of the
Tian-Shan and Altai mountains, being unmistakably Turkish.
The Kipchaks are only a Kirghiz clan. The language of the
Kirghiz is Turki and their religion that of Mahommed. As a
nomadic people they have great contempt for the Sarts, who re-
present the town dwellers of the tribe. The Kalmuks are a
Buddhist and Mongolian people who originated in a confederacy
of tribes dwelling in Dzungaria, migrated to Siberia, and settled on
the Lower Yolga. Prom thence they returned late in the 18th
century to the reoccupation of their old ground in Kuldja under
the Chinese.

_
The Turkman is the purest form of the Turk ele-

m^t, anid his language is the purest form of the Turkish tongue,
vmich is repmsented at Coustautinople by a comparatively mongrel,
or mixed, dialect. Recent ethnographers have traced a connexion

I A
between the Turkman of Central Asia and the Teutonic races of
Europe, based on a similarity of national customs and immemoiial
usage. Evidence of an original affinity between Turkman and
Rajput has also been found in the mutual possession by these i*ace&

of a ruddy skin, so that as ethnographical inquiry advances the
Turk appears to recede from his Mongolian affinities and to ap-
proach the Caucasian. Turks and Mongols alike were doubtless
included under the term Scyth by the ancients, and as Tatars by
more modern writers, insomuch that the Turkish dynasty at Delhi
founded by Babar, is usually termed the Mogul dynasty, although
there can be no distinction traced between the terms Mogul and
Mongol. The general results of recent inquiry into the ethno-
graphy of Afghanistan is to support the general correctness of
Bellew*s theories of the origin of Afghan races. The claim of the
Durani Afghan to be a true Ben-i-Israel is certainly in no way
weakened by any recent investigation. The influence of Greek
culture in Northern India is now fully recognized, and the distii-

bution of Greek colonies previous to Alexander’s time is attested
by recent practical knowledge of the districts they were said to
occupy. The habitat of the Nysaeans, and the identity of certain
tribes of Kafiristaii with the descendants of these pre-Alexandiian
colonists from the west, are also well established. To this day
hymns are unwittingly sung to Bacchus in the dales and glens of
Kafiristan. The ethnographical status of the mixed tribes of the
mountains that lie between Chitral and the Peshawur plains has
been fairly well fixed by Biddulph, and much patient inquiry in

the vast fields of Baluchistan by Mockler, Tate, and others has
resulted in quite a new appreciation of the tribal origin of the
great conglomeration of Baluch peoples.

The recent bibliography of Asia, including the works of travellers

and explorers since 1880, is voluminous. It is impossible to refer

to all that has been written in the Survey Reports and
i>ecejit

Gazetteers of the Government of India, or in the records
siblio^

of the Royal Asiatic Society, or the Asiatic Society, grapby
Bengal

;
but amongst the more important popular ofAsia^

works are the following ;

—

Richthofen. “ China, Japan, and Korea,” vol. iv. Jour.

E. 6r. S., China, Berlin, 1877.—Regel. “Upper Oxus,” vol. i.

Proc. P. G, S.f 1879.

—

Bellew, Dr. Afghanistan and the Afghans.
London, 1879.

—

PujeValski. “ Explorations in Asia.” Seevols.

i. ii. V. ix. and xi. of the Froc. E, G, S.y 1879-1889.

—

Blunt, W.
“A Visit to Jebel Shammar,” vol. ii. Proc. E, G.S.t 1880.

—

Gill,

Captain. The Eiv&r of Golden Sand. London, 1880.

—

Temple,
Sir R. “ Central Plateau of Asia,” vol. iv. Proc. E. G, S.^ 1882.

—

Baker. “ A Journey of Exploration in 'Western Ssu-Chuan,”
vol. i. Supplementary'’Papers E. G. S., 1882-1885.

—

Wilson, SirC.

“Notes on Physical and Historical Geography of Asia Minor,”*

vol. vi. Proc. E. G. S.^ 1884.

—

Walker, General. “Asiatic Ex-
plorers of the Indian Survey,” vol. viii, Proc. E. G. S., 1885.

—

Beal. Buddhist Eecords of the Western World. Boston, 1885.

—

Doughty. Travels in Northern Arabia. Cambridge, 1886.

—

Travels in Arabia Deserta, Cambridge, 1888.

—

Venukoff.
“Explorations,” vol. viii. Proc. E. Q. /§., 1886.

—

Elias, Ney.
“Explorations in Central Asia.” See rols. viii. and ix. Proc.

P. G. P., 1886-1887.

—

Carey. “ Explorations in Turkestan.” See-

vol. ix. Proc. E. G. S., 1887.

—

Lansdell. Through Central Asia.

London, 1887.

—

Colquhoun. Eeport on Eailway Conoiexion be-

tween Burma and China. London, 1887.

—

Tate, Major C.

Northern Afghanistan. Edinburgh, 1888.

—

Younghusband,
Capt. E. The Heart of a Continent. London, 1893.

—

A Journey

Through Manchuria^ dsc. Lahore, 1888. — Also, see vol. x.

Proc. E. G. S.j and vol. v. Jour. E. G. —De Rhins. HAm
Centrale. Paris, 1889.

—

Bonvalot. Through the Hea/rt of Asia.

Trans. Pitman. London, 1889.

—

From Paris to Tonicin. Trans.

Pitman, London, 1891.

—

Roborovski, Translation from Russian

Invalids^ Oct. 1889.—Vol. xii. Proc. E. G, S.—“Central Asia,”"

vol. viii. Jour. E. G. S., 1896,

—

Bell, Colonel. “Trade Routes-

of Asia,” vol. xii. Proc. E. G. S., 1890.

—

Rookhill. “An
American in Tibet.” Century Magazine, Nov. 1890.

—

The Land
of the Lamas. London, 1891.

—

Bent, Theodore. “Hadramut,”
vol. iv. Jovnr. E. G. S., 1894.—“ Southern Arabia,” vol. vi. Jowr.

E. G. S., 1896.—“Bahrein Islands,” vol. xii. Proc.E. G. S.^ 1890.—Grombcherski. “ Explorations in Kuen Lnn,” vol. xii. Proc.

E. G. S., 1890.

—

^Lydekker. “The Geology of the Kashmir

Valley and Chamba Territories,” vols. xiii. and xiv. Geologual

Survey of India.

—

Max Muller. The Sacred Books of the Bast.

Oxford, 1890-1894.—Reolus, Elis^e. The Earth and its Inhabit-

ants, (Series) 1890.
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Asi3.| the first Roman province east of the .^gean, was
formed 133 b.c. out of the kingdom left by the will of

Attains, king of Pergamos, to the Romans. It included

Mysia, Lydia, Caria, and Phrygia. In 84 b.c., on the

close of the Mithradatic wax, SuUa reorganized the province,

nnd it was then or later divided into conventus. In 27 b.c.

it was made a senatorial province under a pro -consul.

By the reorganization of Diocletian, a.d. 297, Asia was
Broken up into several small provinces, and one of these,

of which the capital was Ephesus, retained the name of

the original province.

Asi^ Minory the peninsula on the extreme west

of Asia, bounded on the N. by the Black Sea, on the

W. by the JSgean, and on the S. by the Mediter-

xanean, and at its 17,W. extremity is only parted from
Europe by the narrow straits of the Bosporus and Dar-
danelles. On the E. no natural boundary separates it

from the Armenian plateau, but, for descriptive purposes,

it will suffice to take a line drawn roughly from the

Oiaour Dagh, east of the Gulf of Alexandretta, to the

Black Sea, east of Trebizond. The term Anatolia is

sometimes used by geographers as synonymous with

Asia Minor
j
and the same country, excluding Cilicia,

is locally called Edm, a name which perpetuates the

memory of Rome. The greater portion of Asia Minor
consists of a plateau rising gradually from west to east,

2500 feet to 4500 feet, until, east of the Elzil Irmak, the

ground rises more sharply to the highlands of Armenia
(see Armenia). On the souththe plateau is buttressed by the

Taurus range, which stretches in a broken irregular line

from the iEgean to the Persian frontier. On the north it is

supported by a range of varying altitude, wbicb follows the

southern coast of the Black Sea and has no distinctive

name. On the west the edge of the plateau is broken by
broad valleys, and the deeply-indented coast-line throws

out long rocky promontories towards Europe. On the north,

excepting the deltas formed by the Kizil and YeshH
Irmaks, there are no coast plains, no good harbours

except Sinope, and no islands. On the west there are

narrow coast plains of limited extent, deep gulfs, which
offer facilities for trade and commerce, and a fringe of

protecting islands. On the south are the plains of Pam-
phylia and Cilicia, the almost land-locked harbours of

Marmarice and Makri, the broad bay of Adalia, the deep-

seated gulf of Alexandretta or Iskanderiin, and the islands

of Rhodes, Castelorizo, and Cyprus. The geology of Asia

Minor is imperfectly known. The Taurus range is, for

the most part, formed of Cretaceous limestones, and the

Black Sea coast range of saccharine limestones, mica
schists, and metamorphic rocks. The interior is partly

occupied by a vast plain of Tertiary lacustrine formation

;

igneous rocks are found in nearly every part of the

peninsula. In the south-west, serpentine occurs
\
round

Kfila and in the Phrygian monument country there are

extensive volcanic deposits
\
and in the north-west there

are granites and various forms of trachyte. In the south-

east a remarkable series of volcanic mountains, apparently
of the Tertiary period, stretches from Mount Argaeus to

Kara Dagh, and around them are soft volcanic rocks in

which dwelling-places have been cut from a remote
period.

Mountains,—The Taurus range, perhaps the most im-
portant feature in Asia Minor, attains in Lycia altitudes

of 9800 and 10,500 feet, and in the Bulgar Dagh of 8000
and 9000 feet. East of the Bulgar Dagh the continuity of

the range is broken by the Sihiin and Jihiin, and their

tributaries. The principal passes across the range are

those over which Roman or Byzantine roads ran :—From
Laodicea to Adalia

j
from Apamea or from Pisidian

Antioch to Adalia
;
from Laranda to Germanicopolis, and

thence to Anemourium or Kelenderis; from Laranda to

Olaudiopolis, and thence to Kelenderis or Seleuceia ; from
Iconium or Csesarea-Mazaca through the Cilician Cates
to Tarsus

]
from Caesarea over Anti-Taurus to the valley

of the Sarus, and thence to Flaviopolis on the Cilician

Plain; from Caesarea over Anti-Tanrns to Kokusos, and
thence to Germanicia. Large districts on the southern

slopes of the Taurus chain are covered with forests of oak
and fir, and there are numerous ‘'yaUas” or ‘‘alps,” with

abundant pasturage, to which villagers and nomads move
with their fiocks during the summer months. Anti-Taurus

is the line of heights and mountain peaks which separates

the waters running to the Black Sea and the Anatolian

plateau from those falling to the Persian Gulf and the

Mediterranean. It has its origin in the high land, near

the source of the Kizil Irmak, and thence runs south-west

to the volcanic district of Mount ArgjBus. Here it loses

its distinctive character, but southwards it terminates in

the lofty sharp-peaked ridge of Aa Dagh. South of

Sivas a line of bare hills connects Anti-Taurus with a

range of high forest-clad mountains, which loses itself

southwards in the main mass of Taurus. This range, held

to be the true Anti-Taurus by some geographers, throws

off, in the latitude of Kaisarieh, a third, the Binboa Dagh,

which separates the waters of the Sihdn from those of the

Jihiin. The principal passes are those followed by Ibe old

roads :—From Sebasteia to Tephrike and the Euphrates

;

from Sebasteia to Melitene ; and from Caesarea to

Arabissus. The range of Amanus (Giaour Dagh) is sharply

separated from the mass of Taurus by the deep gorge of

the Jihiln, whence it runs S.S.W. to Rds el-Khanzlr,

forming the limit between Cilicia and Syria. It attains

its greatest altitude in Kaya Duldul, 6500 feet, which
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rises abruptly from the bed of the Jihiln, and it is crossed

by two celebrated passes—the Amanides Pylae (Baghche

Pass), through which ran the road from the Gilician Plain

to Apamea-Zeugma, on the Euphrates; and the Pylse

Syriae (Beilan Pass), through which passed the great

Eoman highway from Tarsus to Syria. On the western

edge of the plateau several short ranges, running approxi-

mately east and west, rise above the general level :

—

Salbakus - Kadmus, 8000 feet; Messogis, 3600 feet;

Tmolus, 4000 feet
;
Dindymus, 8200 feet

;
Ida, 5800 feet

;

and the Mysian Olympus, 7600 feet. The valleys of the

Maeander and Hermus facilitate communication between

the plateau and the iEgean, and the descent from Dory-

Iseum to the Sea of Marmora presents no difficulties. The
northern buttress of the plateau is formed by a succession

of forest-clad mountain ranges, which have a general east

and west direction, and rise progressively as they approach

the interior until they culminate in the Galatian Olympus,

8200 feet. East of the Kizil Irmak, although the ground
is in places over 7000 feet high, there is no distinct

mountain chain. The best routes from the plateau to the

Black Sea are those followed by the Eoman roads from
Tavium and Sebasteia to Amisus. Several minor ranges

rise above the level

of the plateau, and
in its south - east

quarter groups of

volcanic peaks and
cones extend for

about 150 miles

from Kaisarieh to

Karaman. The most
important are M.
Argseus, 13,100
feet; AliDagh, 6200
feet; Hassan Dagh,
8000 feet

; Karaja
Dagh; and Kara
Dagh, 7500 feet.

The centre of the

plateau is occupied

by a vast treeless

plain, the Axylon
of the Greeks, in

which lies a large

salt lake, Tuz Geul. The plain is fertile where culti-

vated, fairly supplied with deep wells, and in many
places covered with good pasture. Enclosed between the
Taurus and Amanus ranges and the sea is the fertile plain
of Cilicia, consisting in great part of a rich, stoneless loam,
out of which rise rocky crags that are crowned with the
ruins of Greco-Eoman and Armenian strongholds.

Bivers,—^The rivers of Asia Minor are of no great im-
portance. Some do not flow directly to the sea

;
others

find their way to the coast through deep rocky gorges, or
are mere torrents

;
and a few only are navigable for boats

for short distances from their mouths. The most im-
portant rivers which flow to the Black Sea are :—the Iris

(YeshU Irmak), with its tributaries the Lycus (Kelkit
Irmak), which rises on the Armenian plateau, the
Chekerek Irmak, which has its source near Yuzgat, and
the Tersakan Su. The Halys (Kizil Irmak), the largest
river in Asia Minor, with its tributaries the DeHje Irmak,
Cappadox, which flows through the eastern part of
Galatia, and the Geuk Irmak, which has its sources in the
mountains above Kastamiini. With the exception of
Sivas, no town of importance lies in the valley of the
Irmak throughout its course of over 600 miles. The
Sa^igariu^ (S^rfa) rises in the Phrygian mountains and,

many changes of direction, faU^ in,to flbe Black Sea,

about 80 miles east of the Bosporus. Its tributaries are
the Pursak Su (Tembris), which has its source in the
Murad Dagh, and, after running north to Eski-shehr, flows
almost due east to the Sakaria, and the Enguri Su, which
joins the Sakaria a little below the junction of the Pursak
To the Black Sea, about 40 miles east of Eregli, also flows
the Billseus (Eiliyas Chai). Into the Sea of Marmora run
the Ehyndacus (Edrenos Chai), and the Macestus (Susurlu
Chai), which unite about 12 miles from the sea. The
most celebrated streams of the Troad are the Granicus
(Bigha Chai) and the Scamander (Mendere Su), both rising
in Mount Ida (Kaz Dagh). The former flows to the Sea
of Marmora

;
the latter to the Dardanelles. The most

northerly of the rivers that flow to the ^gean is the Caicus
(Bakir Chai), which runs past Soma, and near Pergamos,
to the Gulf of Chanderli. The Hermus (Gediz Chai) has
its principal sources in the Murad Dagh, and, receiving

several streams on its way, runs through the volcanic
district of Katakekaumene to the broad fertile valley

through which it flows past Manisa to the sea, near Lefke.

So recently as about 1880 it discharged into the Gulf of

Smyrna, but the shoals formed by its silt-laden waters
were so obstructive to navigation that it was turned back

into its old bed. Its

principal tributaries

are— the Phrygius
(Kflm Chai), which
receives the waters

of the Lycus (Geur-

duk Chai), and the

Cogamus (Kuzu
Chai), which in its

upper course is sepa-

rated from the val-

ley of the Mseander

by hills that were

crossed by the

Eoman road from

Pergamos to Lao-

dicea. The Caystrus

(Kuchuk Mendere)

flows through a fer-

tile valley between

M. Tmolus and Mes-

sogis to the sea near

Ephesus, where its silt has filled up the port and advanced

the coast-line between 2 and 3 miles. The Mseander

(Mendere Chai) takes its rise in a celebrated group of springs

near Dineir, and after a winding course enters the broad

valley, through which it meanders to the sea. Its deposits

have long since filled up the harbours of Miletus, and con-

verted the islands which protected them into mounds in

a swampy plain. Its principal tributaries are the Glaucus,

the Senarus (Banaz Chai), and the Hippurius, on the right

bank. And on the left bank are the Lycus (Churuk Su),

which flows westwards by Colossse through a broad open

valley that affords the only natural approach to the

elevated plateau
;
the Harpasus (Ak Chai), and the Marsyas

(China Chai). The rivers that flow to the Mediterranean,

with two exceptions, rise in Mount Taurus, and have short

courses, but in Tvinter and spring they bring down large

bodies of water. In Lycia are the Indus (Qereniz Chai),

and the Xanthus (Eshen Chai). The Pamphylian plain is

traversed by the Cestrus (Ak Su), the Eurymedon (Keupri

Su), and the Melas (Menavgat Chai), which, where it enters

the sea, is a broad, deep stream, navigable for about 6

miles. The Calycadnus (Geuk Su) flows south-east, near

Mfit, and enters the sea a deep rapid river about 12 miles

below Selefke. West of Miit it is joined by a large

stream which runs below Ermenek. The Cydnus (Tersus

B VDatbiithne & 0 7 R HowarUh £nql MiUs ‘ -
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Chai) is formed by thejunction of three streams that rise in
Mount Taurus, and one of these flows through the narrow
gorge known as the Cilician Gates. After passing Tarsus,
the river enters a marsh which occupies the site of the
ancient harbour. The Cydnus is liable to floods, and its

deposits have covered Roman Tarsus to a depth of 20 feet.

The Sarus (Sihiin) is formed by the junction of the
E^rmalas (Zamanti Su), which rises in the Uzdn Yaila,

and the Sarus (Saris), which has its sources in the hills to

the south of the same plateau. The first, after entering
Mount Taurus, flows through a deep chasm walled in by
lofty precipices, and is joined in the heart of the range
by the Saris. Before reaching the Cilician Plain the river

receives the waters of the Kerkhun Su, which cuts through
the Bulgar Dagh, and opens a way for the roads from
the Cilician Gates to Konia and Kaisarleh. After passing
Adana, to which point small craft ascend, the Sihfln runs
south-west to the sea. There are, however, indications

that at one period it flowed south-east to the Pyramus.
The Pyramus (Jihiin) has its principal source in a group
of large springs near Albistan

;
but before it enters Mount

Taurus it is joined by the Sogutli Irmak, the Khurman
Su, and the Geuk Su. The river emerges from Taurus,

about 7 miles west of Marash, and here it is joined by the

Ak Su which rises in some small lakes south of Taurus.

The Jihiin now enters a remarkable defile which separates

Taurus from the Giaour Dagh, and reaches the Cilician

Plain near Budriim. Prom this point it flows west, and
then south-west past Missis, until it makes a bend to dis-

charge its waters south of Ayas Bay. The river is

navigable as far as Missis. In the central and southern

portions of the plateau the streams either flow into salt

lakes, where their waters pass off by evaporation, or into

freshwater lakes, which have no visible outlets. In the

latter cases the waters find their way beneath Taurus in

subterranean channels, and reappear as the sources of

rivers flowing to the coast. Thus the Ak Geul supplies

the Cydnus, and the Beishehr, Egirdir, and Kestel lakes

the rivers of the Pamphylian Plain.

Lakes,—^The salt lakes are Tuz Geul, which lies in the

great central plain, and is about 60 miles long and 10 to

30 miles broad
;
Buldur Geul, 2900 feet above sea-level

;

and Aji-tuz Geul, 2600 feet. The Sweetwater lakes are

Beishehr Geul, 3770 feet, a fine sheet of water 30 miles

long, which discharges south-east to the Soghla Geul;
Egirdir Geul, 2850 feet, which is 30 miles long, and noted

for the abundance and variety of its fish. In the north-

west portion of Asia Minor are Isnik Geul, AbuUiont Geul,

and Maniyas Geul.

Sprvngs.—^Asia Minor is remarkable for the number of

its thermal and mineral springs. The most important are

:

—^Talova, in the Ismid sanjak; Briisa, Chitli, Terje, and
Eski-shehr, in the Brflsa

; Tuzla, in the Karasi
;
Cheshme,

Bija, Hierapolis, and .Ma-shehr, in the Aidin; Terzili

Hammam, in the Angora
;
Boli and Iskelib, in the Kasta

mflni
;
and Khavsa, in the Sivas vildyet.

The climate is varied, but systematic observations are

wanting. On the plateau the winter is cold, and in the

northern districts there is much snow. The summer is very

hot, but the nights are usually cool. On the north coast

the winter is cold, and the winds, sweeping across the

Black Sea from the steppes of Russia, are accompanied by
torrents of rain and heavy falls of snow. East of Samsfln,

where the coast is partially protected by the Caucasus, the

climate is more moderate. In summer the heat is damp
and enervating, and, as Trebizond is approached, the vege-

tation becomes almost subtropical. On the south coast

the winter is mild, with occasional frosts and heavy rain

;

the summer heat is very great. On the west coast the

climate is moderate, but the influence of the cold north
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winds is felt as far south as Smyrna, and the winter at

that place is colder than in corresponding latitudes in

Europe.

The mineral wealth of Asia Minor is very great, but few
mines have yet been opened. The minerals known to exist

are—alum, antimony, arsenic, asbestos, boracide, chrome,

coal, copper, fuller’s earth, gold, iron, kaolin, lead, lignite,

magnetic iron, manganese, meerschaum, nickel, rock-salt,

silver, sulphur, and zinc. The vegetation varies with the

climate, soil, and elevation. The mountains on the north

coast are clothed with dense forests of pine, fir, cedar, oak,

beech, (kc. On the Taurus range the forests are smaller,

and there is a larger proportion of pine. On the west coast

the ilex, plane, oak, valonea oak, and pine predominate.

On the plateau willows, poplars, and chestnut trees grow
near the streams. On the south and west coasts the fig

and olive are largely cultivated. The vine yields rich

produce everywhere, except in the higher districts. The
apple, pear, cherry, and plum thrive well in the north

;

the orange, lemon, citron, and sugar-cane in the south

;

styrax and mastic in the south-west
;
and the wheat lands

of the Sivas vildyet can hardly be surpassed. The most
important vegetable productions are—cereals, cotton, gum
tragacanth, liquorice, olive oil, opium, rice, saffron, salep,

tobacco, and yellow berries. Silk is produced in large

quantities in the vicinity of Brfisa and Amasia. The wild

animals include bear, boar, chamois, fallow, red and roe

deer, gazelle, hyaena, ibex, jackal, lynx, moufflon, panther,

wild sheep, and wolf. Amongst the domestic animals are

the buffalo, the Syrian camel, and a mule camel, bred from
a Bactrian sire and Syrian mother. Large numbers of

sheep and Angora goats are reared on the plateau, and fair

horses are bred on the Uzfin Yaila
;
but no effort is made

to improve the quality of the wool and mohair, or the

breed of horses. Good mules can be obtained in several

districts, and small hardy oxen are largely bred for plough-

ing and transport. The larger birds are the bittern, great

and small bustard, eagle, francolin, goose
;
giant, grey, and

red-legged partridge
;
pelican, pheasant, stork, and swan.

The rivers and lakes are well supplied with fish, and the

mountain streams abound with trout.

History,—^Asia Minor owes the peculiar interest of its

history to its geographical position. “Planted like a
bridge between Asia and Europe,” it has been from the

earliest period a battle-ground between the east and the

west. The central plateau, 2500 to 4500 feet above the

sea, with no navigable river and few natural approaches,

with its monotonous scenery and severe climate, is a con-

tinuation of Central Asia. The west coast, with its alter-

nation of sea and promontory, of rugged mountains and
fertile valleys, its bright and varied scenery, and its fine

climate, is almost a part of Europe. These conditions are

unfavourable to permanence, and the history of Asia Minor
is that of the march of hostile armies, and the rise and fall

of small states, rather than that of a united state under

an independent sovereign. At a very early period Asia

Minor appears to have been occupied by non-Aryan tribes

or races which differed little from each other in religion,

language, and social system. Since 1875 much light has

been thrown upon one of these races—^the “ Hittites ” or

“Syro- Cappadocians,” who, after theirs rule had passed

away, were known to Herodotus as “ White S37rians,” and
whose descendants can still be recognized in the villages

of Cappadocia.^ The centre of their power was Boghaz

Eeui (Pteria), east of the Halys, whence roads radiated to

the harbours on the AEgean, to Sinope, to Northern Syria,

^ The people, Moslem and Christian, are physically one and appear

to he closely related to the modem Aimenians. This relationship is

noticeable in other districts, and the whole original population of Asia

Mmor has been characterized as Proto-Armenian or Armenoid.



720 ASIAMINOR
and to the Cilician Plain. Their strange sculptures

and inscriptions have been found at Boghaz Keui,

Euyuk, Fraktin, Ivriz, and other places between Smyrna
and the Euphrates (see Hittites, in the ninth edition

of this work). When the great Aryan immigration

from Europe commenced is unknown, but it was dying

out in the 11th and 10th centuries b.c. In Phrygia

the Aryans founded a kingdom, of which traces remain in

various rock tombs, forts, and towns, and in legends pre-

served by the Greeks. The Phrygian power was broken

in the 9th or 8th century b.c. by the Cimmerians, who
entered Asia Minor through Armenia

;
and on its decline

rose the kingdom of Lydia, with its centre at Sardis. A
second Cimmerian invasion almost destroyed the rising

kingdom, but the invaders were expelled at last by
Alyattes, 617 b.c. The last king, Croesus, 560-546

B.C., carried the boundaries of Lydia to the Halys, and
subdued the Greek colonies on the coast. The date of

the foundation of these colonies cannot be fixed ;
but at

an early period they formed a chain of settlements from

Trebizond to Ehodes, and by the 8th century b.c. some of

them rivalled the splendour of Tyre and Sidon. Too
jealous of each other to combine, and too demoralized by
luxury to resist, they fell an easy prey to Lydia; and when
the Lydian kingdom ended with the capture of Sardis by
Cyrus, 546 B.C., they passed, almost without resistance, to

Persia. Under Persian rule Asia Minor was divided into

four satrapies, *but the Greek cities were governed by
Greeks, and several of the tribes in the interior retained

their native princes and priest-dynasts. An attempt of

the Greeks to regain their freedom was crushed 500 b.c.,

but later the tide turned and the cities were combined into

a league for defence against the Persians. The weakness

of Persian rule was disclosed by the expedition of Cyrus
and the Ten Thousand Greeks, 402 B.c.

;
and in the fol-

lowing century Asia Minor was subdued by Alexander,

334 B.c.

The wars which followed the death of Alexander gave

Asia Minor to Seleucus, but none of the Seleucid ^gs
were able to establish their rule over the whole peninsula.

Rhodes became a great maritime republic. An independ-

ent kingdom was founded at Pergamos, 283 B.c., which
gave its name to a school of sculpture, and lasted until

Attains III.
,
1 33 B.C., made the Romans his heirs. Bithynia

became an independent monarchy, and Cappadocia and
Paphlagonia tributary provinces under native princes. In
Southern Asia Minor the Seleucids founded Antioch, Apa-
mea, Attaleia, Laodicea, Seleuceia, and other cities as centres

of commerce, and some of them afterwards played an im-
portant part in the Hellenization of the country and
in the spread of Christianity. During the 3rd century,

278-277 B.C., certain Gallic tribes crossed the Bosporus
and Hellespont, and established a Celtic power in Central

Asia Minor. They were confined by the victories of

Attains I. of Pergamos, circ, 232 b.c., to a district on the

San^rius and Halys to which the name Galatia was
applied

;
and after their defeat by Manlius, 189 B.c., they

were subjected to the suzerainty of Pergamos (see Galatia).
The defeat of Antiochus the Great at Magnesia, 190

B.C., placed Asia Minor at the mercy of Rome
;
but it was

not until 133 that the first Roman province, Asia, was
formed. Errors in policy and in government facilitated

the rise of Pontus into a formidable power under Mithra-
dates, who was finally driven out of the country by Pompey,
and died 63 b.c. Under the settlement of Asia Minor
by Pompey, Bithynia-Pontus and Cilicia became provinces,
whilst Galatia and Cappadocia were allowed to retain

nominal independence under native kings. A long period
of tranquillity followed, during which the Roman dominion
grew, und all Asia Minor was divided into provinces. The

boundaries were often changed
;
and about a.I). 297, in

Diocletian’s reorganization of the empire, the power of the
great military commands was broken, and the provinces
were made smaller and united in groups called dioceses.

A great change followed the introduction of Christianity,

which spread first along the main roads that ran north
and west from the Cilician Gates, and especially along the
great trade route to Ephesus. In some districts it spread
rapidly, in others slowly. With its advance the native

languages and old religions gradually disappeared, and at

last the whole country was thoroughly Hellenized, and the

people united by identity of language and religion.

At the close of the 6th century Asia Minor had become
wealthy and prosperous

;
but centuries of peace and over-

centralization had affected the morale of the people and
weakened the central Government. During the 7th century

the provincial system broke down, and the country was
divided into themes or military districts. From 616 to

626 Persian armies swept unimpeded over the land,

and Chosroes II. pitched his camp on the shore of the

Bosporus. The victories of Heraclius forced Chosroes to

retire
;
but the Persians were followed by the Arabs, who,

advancing with equal ease, laid siege to Constantinople,

A.I). 668. It almost appeared as if Asia Minor would be
annexed to the dominion of the Caliph. But the tide of

conquest was stemmed by the iconoclast emperors, and
the Arab expeditions, excepting those of Hariln er-Rashld,

781 and 806, and of el-Motasem, 838, became simply pre-

datory raids. In the 10th century the Arabs were
expelled. They never held more than the districts along

the main roads, and in the intervals of peace the country

rapidly recovered itself. But a more dangerous enemy
was soon to appear on the eastern border.

In 1067 the Seljiik Turks ravaged Cappadocia and
Cilicia; in 1071 they defeated and captured the Emperor
Romanus, Diogenes ; and in 1080 they took Nicsea. One
branch of the Seljilks founded the empire of Riim, with

its capital first at Nicsea and then at Iconium. The
empire, which at one time included nearly the whole of

Asia Minor, with portions of Armenia and Syria, passed

to the Mongols when they defeated the sultan of Rfim

in 1243, and the sultans became vassals of the Great Khin.

The Seljiik sultans were liberal patrons of art, literature,

and science, and the remains of their public buildings and

tombs are amongst the most beautiful and most interesting

in the country. The march of the Crusaders across Asia

Minor left no permanent impression. But the support

given by the Latin princes to the Armenians in Cilicia

facilitated the growth of the small warlike state of Lesser

Armenia, which fell in 1375 with the defeat and capture

of Leo VI. by the Memliik sultan of Egypt. The Mongols

were too weak to govern the country they had conquered,

and the vassalage of the last sultan of Rfim, who died in

1307, was only nominal. On his death the governors of

his western provinces drove out the Mongols and asserted

their independence. A contest for supremacy followed,

which eventually ended in favour of the Osmanli Turks.

In 1400 Sultan Bayezid I. held all Asia Minor west of the

Euphrates
;
but in 1402 he was defeated and made prisoner

by Timilr, who swept through the country to the shores

of the jEgean. On the death of Timfir Osmanli supremacy

was re-established after a prolonged struggle, which ended

with the annexation by Muhammad II. (1451-81) of Kara-

mania and Trebizond, and the abandonment of the last of

the Italian trading settlements which had studded the

coast during the i3th and 14th centuries. The later

history of Asia Minor is that of the Turkish empire.

The most important event was the advance (1832-33) of

an Egyptian army, under Ibrahim Pasha, through the

Cilician Gates to Konia and Kutaya.
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The defeat of the Emperor Eomanus (1071) initiated a
change in the condition of Asia Minor which was to he
complete and lasting. A long succession of nomad Turkish
t:ibes, pressing forward from Central Asia, wandered over

the rich country in search of fresh pastures for their flocks

and herds. They did not plunder or ill-treat the people,

but they cared nothing for town life or for agricultural

pursuits, and as they passed onward they left the country
bare. Large districts passed out of cultivation and were
abandoned to the nomads. The peasants either became
nomads themselves or took refuge in the towns or the
mountains. The Mongols, as they advanced, sacked towns
and laid waste the agricultural lands. Timur conducted hi^

campaigns with a ruthless disregard of life and property.

Entire Christian communities were massacred, flourishing

towns were completely destroyed, and all Asia Minor was
ravaged. From these disasters the country never re-

covered, and the last traces of Western civilization dis-

appeared with the enforced use of the Turkish language

and the wholesale conversions to IsMm under the OsmaiSi
sultans. The large increase of the Greek population in

the western districts, the construction of railways, and the

growing interests of Germany and Eussia, seem, however,

to indicate that the tide is again turning in favour of the

West.
Fopulation,—None of the conquering races that invaded

Asia Minor, whether from the east or from the west, whoUy
expelled or exterminated the race in possession. The
vanquished retired to the hills or absorbed the victors.

In the course of ages race distinction has been almost

obliterated by fusion of blood ; by the complete HeUeni-

zation of the country, which followed the introduction of

Christianity; by the later acceptance of Isldm; and by
migrations due to the occupation of cultivated lands by the

nomads. It wUl be convenient here to adopt the modern
division into Moslems, Christians, and Jews :

—

{a) Modems,
The Turks never established themselves in such numbers
as to form the predominant element in the population.

Where the land was unsuitable for nomad occupation the

agricultural population remained, and it still retains some of

its original characteristics. Thus in Cappadocia the facial

type of the non-Aryan race is common, and in Galatia

there are traces of Gallic blood. The Zeibeks of the west

and south-west are apparently representatives of the Carians

and Lycians
;
and the peasants of the Black Sea coast range,

of the people of Bithynia, Paphlagonia, and Pontus. Wher-
ever the people accepted Isldm they called themselves Turks,

and a majority of the so-called “Turks” belong by blood

to the races that occupied Asia Minor before the Seljiik

invasion. Turkish and Zaza-speaking Kdrds (see Kurdi-

stan) are found in the Angora and Sivas vildyets. There

are many large colonies of Circassians and smaller ones

of Noghai Tatars, Georgians, Lazis, Cossacks, Albanians,

and Pomaks. East of Boghaz Keui there is a compact

population of Kizilbash, who are partly descendants of

ShiS, Turks transplanted from Persia and partly of the

indigenous race. In the Cilician Plain there are large

settlements of Ansarieh who have migrated from the

Syrian mountains (see Syria). The nomads and semi-

nomads are, for the most part, representatives of the

Turks, Mongols, and Tatars who poured into the coxmtry

during the 350 years that followed the defeat of Eomanus.

Turkomans are found in the Angora and Adana vilayets
;

Avshars, a tribe of Turkish origin in the valleys of Anti-

Taurus; and Tatars in the Angora and Brdsa vildyets;

Yuruks are most numerous in the Konia vilayet. They

speak Turkish and profess to be Moslems, but have no

mosques or imAms. The Chepmi and Takhtaji, who live

chiefly in the Aidin viMyet, appear to be derived from one

of the early races. (6) Christians, The Greeks are in

places the descendants of colonists from Greece ; but most
of them belong by blood to the indigenous races. These
people became “ Greeks ” as being subjects of the Byzan-
tine empire and members of the Eastern Church

;
and at

the present day every Turkish subject who belongs to the

Orthodox Church is officially a “ Greek.” On the west
coast, in Cappadocia, in Pontus, and in the mining villages,

the language is Eomaic
;
on the south coast and m many

inland villages it is either Turkish, which is written in

Greek characters, or a Greco-Turkish jargon. In and
near Smyrna there are large colonies of Hellenes.

Armenians are most numerous in the eastern districts,

where they have been settled since the great migration
that preceded and followed the Seljiik invasion. In Central
and Western Asia Minor they are the descendants of

colonists from Persia and Armenia (see Armenia), (c)

The Jews live chiefly on the Bosporus ; and in Smyrna,
Briisa, and other western towns. Qypms—some Moslem,
some Christian—are also numerous.

In the absence of trustworthy statistics, only the follow-

ing rough estimate can be given :—Moslems, 6,800,000

;

Armenians, 560,000; Greeks, 780,000; other Christians,

45,000; Jews, gypsies, foreigners, &c., 150,000; total,

8,335,000. This does not include the population of

the islands—^Moslems, 27,500 ; Greeks, 342,000 ; other

Christians, 3000; Jews and foreigners, 2000; total,

374,500.

Administration,—The modern division of the country

and the present system of administration are treated

elsewhere (see Turkey). The modern towns rarely occupy
the sites of the ancient cities, a point well brought out by
Kamsay {Hist Geog, pp. 82-88). All Turkish subjects

who are not Moslems must belong to one of the recognized

miEets or religious communities—^Armenian, Greek,

Jewish, Latin, Protestant, &c. The most striking

educational feature is the great influence for good
exercised by the schools and colleges of the American
Board of Missions. The Greeks and Armenians have
good schools for both sexes.

The principal manufactures are :—Carpets, rugs, cotton,

mohair and silk stuffs, soap, wine, and leather. The
exports are:—Cereals, cotton, cotton seed, dried fruits,

drugs, fruit, gaHnuts, gum tragacanth,hquorice root, maize,

nuts, olive oil, opium, rice, sesame, sponges, storax, timber,

tobacco, valonea, walnut wood, wine, yeUow berries, carpets,

cotton yarn, cocoons, hides, leather, mohair, silk, silk

stuffs, rugs, wax, wool, leeches, hve stock, minerals, &c.

The imports are :—Coffee, cotton cloths, cotton goods,

crockery, dry salteries, fezzes, glass-ware, haberdashery,

hardware, henna, iron-ware, jute, linen goods, manu-
factured goods, matches, petroleum, salt, sugar, wooUen
goods, yarns, &c.

Communications.—^There are few metalled roads, but

on the plateau light carts can pass nearly everywhere.

The lines of railway now open are :—(1) From Haidar

Pasha to Ismid, Eski-shehr, and Angora, to be extended

to Kir-shehr and Kkisarieh. (2) From Mudi-nia to

Briisa. (3) From Eski-shehr to Afiiin Kara-hissar and

Konia. (4) From Smyrna to Manisa, Ala-shehr and

Afiiin Kara-hissar, with a branch line from Manisa to

Soma. These lines are worked by the German Gesell-

sehaft der Anatolischen Eisenhahn. (5) From Smyrna to

Aidin and Dineir, constructed and worked by an English

company, (6) Mersina to Tarsus and Adana. The

German company has power to extend its system tc

Baghdad, but the route by which the hne will cross the

Taurus has not yet been decided. There are thus two com-

peting routes—one running inland from Constantinople

(Haidar Pasha), the other from Smyrna. The first is

practically connected with the European railway system

;

g, 91
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the second, with the great sea routes from Smyrna to Trieste,

Marseilles, and Liverpool The right to construct all

railways in Armenia and north-eastern Asia Minor has

been conceded to Eussia.

Authoeities.—Since 1870 Asia Minor has been visited bymany
travellers, who have brought back valuable information

;
excpa-

tions have been carried out at a few places
;
and special questions

have been studied on the spot by qualified explorers. Valuable

papers have been published by Anderson, Benndorf, Bent, Crowfoot,

Eoucart, Headlam, Hicks, Hogarth, Myres, Kamsay, Schuchhardt,

Smith, Wilson, &c., in the Proceedings R, Geog. Society^ Jourh
Hellenic Society, m Mabpeeo’s Recueil, vols. xiv. xv. &:c., the

American Joum, of Archmlogy^ Journal of Plviiology, M%tU des

Mis, d, arch. Inst. Athen. Ahth.y Bull, de Qorr. HelUnigue,

Wiener Vorlcgeblatter, &c. Fuller works are:

—

Chaktee, E.

Recherches arcMologigues, Mission en Cappadocie. Paris, 1898.

—

Claeee, J. T. “Investigations at Assos” in Jour, of ArchceL

Inst, of America. Boston, 1882.

—

Cuinet. La Turquie d'Asie.

Paris, 1890.

—

Davis, E. J. Anatolica. Lond., 1874.—Life in

Asiatic TurTcey. Lond., 1879.

—

Hikscheeli). “Vorlaufiger

Reiseherieht ” in Berlin MonatsbericM, 1879.

—

Hogaeth, D. G.

Wandermg Scholar in the Levant, Lond, 1896.

—

Humank and
Puchstein. Reisen in Kleinasien u. Nordsyrien. Berlin.

—

Humakn, K. AUertumer v. Hierapolis. Beil, 1898.

—

Alter, u
Pergcmon in pubs. El. Mus., Berl, 1895.

—

Lanckoeonski, C.

Stddte Pamphyliens u. Pisidiens. Vienna, 1890. — Mueeay.
Handbook for Travellers in Asia Minor, &c. Lond., 1895.

—

Haumann. Fbm Goldenen Horn %u den Quellen des JEuyhrat.

Munich, 1893.

—

Peeeot and Gitillatime. Expln. Archl. de la

Galatie. Par., 1862-72.—Peeeot and Ceipiez. Hist, of Art in

Phrygia, &e. Lond., 1892.

—

^Ramsay, W. M. Historical Geography

of Asia Minor, in sup. papers, E. G. S., vol. iv.

—

Church %n the

Roman Empire. Lond., 1893.—Cities and Bishoprics of Ph/rygia.

Oxford, 1895.

—

Eeclxts, E. JSfouvelle Geographic, vol. ix. Paris,

1884.

—

Steeeett. Epigraphical Journey in Asia Minor; Wolfe
Expedition to Asia Minor. Boston, Mass., 1888.

—

Tomaschek.
“Zur historischen Topographie v. Kleinasien in Mittelalter,'*

in Situngsher. d. AMd. d. Wissensch. in Wien, 1891.

—

^Tozee.

Turkish Armenia cmd Eastern Asia Mimr. Lond., 1881.—^Von
Diest und Anton. “Neue Forsohungen in nordlichen Klein-
asien,’* in Vergdnmngsheft, 116. Pet. Mit. Gotha, 1896.

—

Jensen.
Hittiter und Armenier. Strasbourg, 1898.

—

VonLeschan. Reisen

in sudwest. Kleinasien, 1888.

—

Maspeeo. Hist. OAicienne, 3 vols.—Earl Percy. Motes from a Diary m Asiatic Turkey, 1898

;

Highlands of Asiatic Turkey, 1901.

Maps. — Kiepfrt. Mouvelle carte ginirale des provinces
asiatiques de VEmpire Ottoman. Berlin, 1894.—SpeciaZkarte v,

West-Kleinasien, 1890. ^0, W, W.)

Aska.ba.d| or Askhabab, a town of Russian Central

Asia, capital of the Transcaspian province, 345 miles by rail

S.E. of Krasnovodsk and 602 from Samarcand, situated

in a small oasis of the same name at the foot of the

Kopetdagh range. In 1881 it consisted of merely 500
tents, bnt it has increased rapidly since it became the
chief town of the province. It has three Russian
churches, one Armenian church, three mosques, a public
library, a progymnasium for boys and another for girls,

a technical railway sckool, and several charitable insti-

tutions. It has also a daily newspaper, and strikes the
traveller by its relatively good hotels and shops. There
are several cotton-cleaning works, as also tanneries, brick-

works, and “mineral waters” factory. The trade with
Persia, Merv, and Khiva is valued at £250,000 a year.
The population, 4000 in 1889, was 19,428 in 1897.

Asmara. See Keiteea.

AsniereSi a town of France, department of Seine,
arrondissement of St Denis, 4 miles S.W. of that town, on
the railway to Havre and the river Seine. The town,
which has grown rapidly in recent years, is a favourite
boating-centre for the Parisians. The industries include
the manufacture of bicycles, pianos, trellis-work, per-
i^ery, and boat-building. Population (18811 10,666

;

(1896), 23,931, (comm.) 23,931
; (1901), 30,8^.

. , a dly of Colorado, TJ.SA., and capital of

Pitkin county, situated in the western, mountainous
portion of the state, in 39° 12' N. lat. and 106° 49' W,
long., in the valley of Roaring Fork, a branch of the
Grand river. The site of the city is level and its plan
is regular. It has two railways, the Denver and Rio
Grande and the Colorado Midland. The altitude is 7853
feet. The surrounding country contains many mines,
principally of silver, but owing to the depression in the
price of this metal, the prosperity of the district has been
seriously affected. Population (1890), 5108: (1900)
3303.

. Aspinwall. See Colon.

Assab. See Eeiteea.

Assam, a province of British India, under the
administration of a chief commissioner, situated on
the extreme north-east frontier, being almost surrounded
on two sides by semi-independent tribes. The adminis-

trative headquarters are at the station of Shillong, in

the Khasi Hills. Assam is naturally divided into three

distinct tracts : first, the valley of the Brahmaputra, from
where that river forces its way through the Himalayan
range to where it debouches on the plain of ITorthern

Bengal. To this tract alone is the name of Assam strictly

applicable, being derived from the Ahom dynasty which

Sketch Map of Assam:.

formerly ruled here, and here alone is the Assamese
language spoken. The second tract is the valley of the

Surma or Barak, which is really au extension of the

Bengal delta, enclosed by hills on three sides. Between
these two valleys lies the third tract, consisting of a series

of hill ranges, inhabited by a number of different tribes,

entirely unconnected with either the Assamese or the

Bengalis, There is still a border line along the north and

the east, beyond which only vague political influence is

exercised. The Southern Lnshai Hills were added to the

province in 1898. The numerous democratic chiefs of the

Khasi Hills enjoy a certain measure of independence.

The native state of Manipur, on the eastern border, is

subordinate to Assam, Frontier troubles occasionally

arise with the Akas, Daflas, Abors, and Mishmis along the

northern border, arising out of raids into British territory.

A military expedition had to be sent against the Mishmis

in the winter of 1899-1900.

Population.—^The following table gives the area and population

of tbe several districts of Assam, according to the census of

1891
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DiTisions. Districts.
Area

in Square
Miles.

Number of
Towns and
Villages.

Population, Census of 1S91. Density of
Population to

Square MileMales. Females. Total.

Surma Valley. Caohar Plains . 2,472 639 194,373 173,169 867,542 149
Sylhet .... 5,414 6,520 1,100,938 1,053,655 2,154,593 398

7,886 7,169 1,295,311 1,226,824 2,522,135 319

Brahmaputra Valley Goalpara .... 3,954 1,100 236,629 215,675 452,304 114
Kamrup .... 3,660 1,567 321,029 313,220 634,249 173
Darrang .... 3,418 1,117 161,381 146,380 307,761 90
Nowgong.... 3,258 910 177,791 166,350 344,141 106
Sibsagar .... 2,855 1,309 240,995 216,279 457,274 160
Lakhimpui 3,724 783 136,404 117,649 254,053 68

20,869 6,786 1,274,229 1,175,653 2,449,782 117

Hill Districts

.

North Cachar . 1,728 210 9,306 9,635 18,941 10
Garo Hills 3,270 1,005 61,313 60,357 121,670 37
Khasi and Jaintia Hills . 6,041 1,830 94,606 103,298 197,904 33
Naga Hills 5,710 641 62,199 60,668 122,867 21
North Lushai (civil and

1 r
^ 2,044 ... 2,044

I
military) V 8,600 J

- 12
North Lushai (estimated) J 1 25 20,667 20,923 41,590

J

20,249 3,215 250,135 254,881 505,016 25

Grand total 49,004 17,160 2,819,675 2,657,258 5,476,933 112

Since 1881 tlie population increased by 11 per cent., wbich
cannot be considered a high rate when we take into consideration
the large amount of waste land and also the continuous immigra-
tion of tea coolies. Classified according to religion, Hindus
numbered 2,997,072, or 64*7 per cent, of the total population;
Mahommedans numbered 1,483,974, or 27 per cent. ; Christians
numbered 16,844, or *31 per cent. ; aboriginal tribes numbered
969,765, or 17*7 per cent. ; Buddhists numbered 9065, or *16 per
cent.

;
and “others,” 122. The Mahommedans are mostly found

in the two old Bengal districts of Sylhet and Goalpara ; the
Christians in the Khasi and Jaintia Hills, \vhere the Welsh
Oalvinistic Mission has been most successful, Europeans mimbered
1687 and Eurasians 392, leaving 14,766 for native converts.
The provisional figures for the census of 1901 returned the total

population of Assam as 6,122,201, including 283,957 for Manipur
and 82,344 for the Lushai Hills, neither of which was comprised
in the census of 1891. Deducting this additional area, the rate
of increase for the province is 6 per cent., compared with 11 per
cent, for the previous decennial period. The increase is confined
to the tea districts. The lower districts of the Brahmaputra
valley, which have suffered severely from a fatal form of fever,

show a heavy decrease.

Agriculture .—The greater part of the two districts of Sylhet
and Goalpara were permanently settled, with the rest of Bengal.
The Brahmaputra valley has a temporary settlement of its own
known as mauzawari, the average incidence of assessment being
about E.s.2 :8 :0 per acre. Agricultural statistics are confined to
the temporarily settled tract. In 1897-98, out of a total culti-

vated area of 2,472,734 acres, no less than 1,614,292 acres

were under rice, which is everywhere the staple crop, 310,826
acres under tea, and 169,223 acres under mustard. Jute is

grown to some extent in Sylhet and Goalpara. The Brahma-
putra valley does not produce sufficient rice for its own con-
sumption, large quantities being imported to feed the tea
coolies.

Tea Plantations.—Tea is the staple indust^ of Assam, in both
the Brahmaputra and the Surma valleys. The following table

shows the progress of the Industry at various years between 1883
and 1897 :

—

Statistics,

Tear.
Area under
Mature
Plants.

Area under
Immature
Plants.

Area of Tea
Gardens.

Number of
Adult

Labourers.

Number of
Labourers

per 100 Acres.

1883
Acres.

161,707
Acres.

27,746

Acres.

923,664 153,739 81
1890 200,658 80,380 994,497

995,787
250,113 108

1895 234,909
247,655

41,106 334,298 121
1896 44,254 988,895 366,460 125
1897 263,3X8 47,387 1,014,017 402,205 129

The following table gives the statistics of the tea industry,
according to districts, for 1897, which was not a very prosperous
year :

—

District.
Number
of Tea

Gardens.

Total Area
of Gardens.

Area under
Mature and
Immature
Plants.

Total Yield.

Out-
turn
per
Acre.

Acres. Acres. lb lb

Cachar 191 282,583 61,190 22,031,693 406
Sylhet 137 • 150,614 70,200 26,153,168 474
Khasi Hills

.

1 100 30 4,000 138
Goalpara 3 852 410 140,798 371
Kamrup 31 18,786 5,873 753,228 132
Darrang 89 108,067 33,984 11,164,860 407
Nowgong . - 60 49,884 12,669 4,019,795 355
Sibsagar 171 231,476 70,644 24,021,294 391
Lakhimpur . 149 171,657 55,660 18,988,096 399

Total , 822 1,014,017 310,550 107,266,832 408

In 1897 the average price per Ib wasR.0:5:ll (say 6d.) in the
Surma valley, and R.0 :7 :8 (say 7id.) in the Brahmaputra valley.
The labour required on the tea gardens is almost entirely
imported, as the natives of the province are too prosperous to
do such work. The importation of coolies is controlled by an
elaborate system of legislation, which provides for the registration
of contracts, the medical inspection of coolies during the journey,
and supervision over rates of pay, &c., on the gardens. A revised
Immigration Act for Assam was passed by the Viceroy’s council
in March 1901. In 1897 the mean annual strength of the labour
force w^as 630,107, of whom 227,902 were children. The total
number of adults at the end of the year was 399,975, of whom
195,267 were women. In 1897 the total immigration was 95,931,
compared with 81,115 in the preceding year, and with 36,080 in
1890. This large increase is ascribed mainly to the famine in the
recruiting tracts, but partly to the demand for additional labour
on the tea gardens. The mortality among the coolies during
the journey was high, owing to an outbreak of cholera

;
and the

death-rate on the gardens was also high—41*4 per thousand,
compared with 32 in the preceding year.

Minerals .—The mineral products of Assam include coal,

petroleum, and limestone. The most valuable coal-mines are at
the head of the Brahmaputra valley, in the neighbourhood of
Makum, which is connected by railway with Dibrugarh on the
river. The coal is the best found in India ; it is largely used for
local purposes, and is also exported to Bengal. In 1897 the out-
put was 197,499 tons, yielding to the Government a revenue of
Its.33,065. In the same neighbourhood are oil-fields, yielding
kerosene and paraffin. In 1897 the output was 222,077 gallons.

Coal is also found in the Haga and the Khasi Hills. The lime-
stone of the Khasi Hills is largely exported to Bengal. In
1896-97 the total out-turn was 1,630,000 maunds, yielding to
the Government a revenue of Rs. 18,000.
Railways.—^Assam is still unconnected with the general railway

system of India, and the Brahmaputra valley entirely depends
upon communications by steamer. The Assam-Bengal railway
is intended to run from the seaport of Chittagong to the Surma
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valley, and tlience across the hills to Dihrugarh, at the head of

the Brahmaputra valley, with a branch to Gauhati lower dowm
the Brahmaputra. The hill section of this line has been found

exceedingly difficult of construction, and extensive damage was
done by the earthquake of 1897. This i ailway is financed by the

Government, though worked by a company, and therefore ranks

as a state line. Up to the end of 1898 the total length open for

traffic was 379 miles
;

the gross earnings in that vear weie

Ex. 130,812, and the working expenses Rx.125,357. There are

several short lines of light railway, or tramway, in the province.

The most important is the Dibru-Sadiya railway, at the head of

the Brahmaputra valley, with a branch to the coal-fields. Its

length is 78 miles; in 1898 its gross earnings amounted to

Ex. 78, 141, and the working expenses w^ere Ex. 49, 894.

Trade.—The external trade of Assam is conducted partly by
steamer, partly by native boat, and to a small extent by rail. In

the Brahmaputra valley steamers carry as much as 86 per cent, of

the exports, and 94 per cent, of the imports. In the Surma valley

native boats carry about 43 per cent, of both. In 1897-98 (wffiich

was a bad year, owing to the earthquake and a poor tea crop)

the total exports were valued at Es. 5,33,00,000, of which
Es.3, 13, 00,000 came from the Brahmaputra and Es. 2, 20,00,000

fiom the Surma valley. The chief items were tea (Es.3, 52,76, 000),

rice in the husk, oil-seeds, tea-seed, timber, coal, and jute. The im-

ports (excluding tieasuie) were valued at Es. 4, 04, 00, 000, of which
Es. 2, 14, 00, 000 went to the Brahmaputra and Es. 1,90,00,000 to the

Surma valley. The chief items were cotton piece-goods, rice not

in the husk, sugar, giain and pulse, salt, iron and steel, tobacco,

cotton twist and yarn, and brass and copper. No less than thiee-

fourths of the total trade is conducted with Calcutta. The tians-

frontier trade is insignificant ; and most of it is conducted with
the Bengal state of Hill Tipperah. In 189’7-98 the total imports
were valued at Es. 6,70,600, and the exports at Es. 3,03,236.

Go'oernmenL — The administrative staff for the province of

Assam consists of a chief commissioner, appointed by the
governor-general, who is assisted by a secretary, an assistant-

secretary, and a personal assistant
;
a district and sessions judge

for Sylhet, who is also sessions judge for Cachar
;
a judge and

commissioner for the Brahmaputra valley
;

a conservator of

forests ; a principal medical officer, who is also sanitary commis-
sioner

;
a director of public instruction ;

a director-general of

police and jails, who is also inspector-general of registration,

commissioner of excise, and superintendent of stamps
;
a director

of land records and agriculture, with an assistant
;
and thirteen

deputy commissioners. The total number of civil and revenue
courts is 68, and of criminal courts 102. The total strength of
the police force consisted in 1897 of 2833 military police, 2253
civil police, and 6993 rural police. The proportion of civil police

was one man to 19 square miles of area and to 2356 of population.
The daily average number of prisoners in jail during 1897 was
1499. The totjd number of municipalities is 14, only one of

which (Sylhet) has a population exceeding 10,000. In 1897-98
the aggregate municipal income was Es. 2,51, 819, of which
E&.90,186 was derived from rates and taxes, and Es.88,844 from
Government contributions. There are 19 local boards, with an
aggregate income of Es. 12,28, 131, of which Es. 6,46,000 was
derived from rates. Of the expenditure, 64 per cent, was devoted
to public worlds, 18 per cent, to education, and 8 per cent, to
medical. In 1897 the military force in Assam consisted of three
battalions of Gurkhas, one of which was stationed in Manipur,
and one regiment of Bengal infantry. In addition, there are
three volunteer corps : the Shillong Eifles (60 strong), the Assam
Valley Light Horse (373 strong), and the Surma Valley Light
Horse (350 strong).

The net revenue and expenditure of Assam for 1897-98 in tens
of rupees (Ex.), distributed under the three heads of imperial,
provincial, and local, was as follows— net revenue ; imperial,
Ex.416,626; provincial, Ex.660,100

;
local, Ex. 63, 953 ;

total.

Ex. 1,140, 679. Net expenditure: imperial, Ex. 62,517; provin-
cial, Ex.631,468; local, Ex.92,585; total, Ex.786,570. Surplus:
imperial, Ex.364,109; provincial, Ex.28,632; local, Ex. -28,632;
total. Ex, 364, 10 9. During the previous ten years, the gross land
revenue increased from Ex. 429, 939 to Ex.596,123, excise from
Ex.210,297 to Ex.276,791, and stamps from Ex.78,683 to
Ex. 87, 051.

EdueatioTb.—The following table gives the chief statistics of
education in Assam for the three quinquennial years, 1886-87,
1891-92, and 1896-97. The figures show steady progress, the
rate of increase being considerably higher than for India gener-
ally. If we compare the number of pupils with the estimated
population of school-going age (15 per cent, of the total popula-
tion), the increase has been from 9 ‘5 to 12*7 per cent. Taking
girls alone, the number at school increased from 5136 in 1891-92
to 8276 in 1896-97, or by no less than 61 per cent.

; while the
pmportion to the female population of school-going age rose
worn 1*3 to 2*1 per cent. This improvement is mainly due to
the VTelph missionaries in the Khasi Hills.

1886-87. 1891-92. 1896-97.

Schools. Pupils. Schools Pupils. Schools. Pupils.

Colleges .

Secondary
schools

Primary schools

Special schools

Private institu-

tions

'ill 1o’H74 112 10’353
1

137
27

11,623

1,915
18

245

63,801
529

4,826

2,365
25

298

66,913
635

5,737
j

I

3,046
41

309

84,267

743
6,881

Total

.

2,289 69,730
!

2,800 83,638
1

3,534 |103,641

Earthquakes .—Assam is liable to earthquakes. By far the
severest shock known is that which occurred on the evening of
12th June 1897. The area of this seismic disturbance extended
over North-Eastern India, from Manipur to Sikkim; but the
focus was undoubtedly in the Khasi and Garo Hills. In the
station of Shillong every masonry building was levelled to the
ground. Throughout the country bridges were shattered, roads
were broken up like ploughed fields, and the beds of rivers v ere
dislocated. In the hills there were terrible landslips, which
wrecked the little Cherrapunji railway and caused 600 deaths.
The total mortality recorded was 1542, including two Europeans
at Shillong. The damage done to public property is estimated
at Es. 50, 00, 000. On the Assam-Bengal railway alone the cost
of repairs was Es. 13, 84, 000.

Assaying^.— its restricted sense the term assaying

is applied to the determination of the amount of gold or

silver in ores or alloys
;
but in this article it will be used

in its wider signification, and will include a description of

the methods for tbe quantitative determination of those

elements in ores which affect their value in metallurgical

operations. It would be impossible to give in detail here

all tbe precautions necessary for the successful use of the

methods, and the descriptions will therefore be confined

to the principles involved and the general manner in

which they are applied to secure the desired results.

Gold and Silver .—Ores containing gold or silver are almost in-

variably assayed in the dry way
; that is, by fusion with appropriate

fluxes and ultimate separation of the elements in the metallic form.
One of the customs which has grown out of our peculiar system of

weights is the form of statement of the results of such an assay. In-

stead of expressing the amounts of gold and silver in peicentages of

the weight of ore, they are expressed in ounces to the ton, the
ounce being the Troy ounce and the ton that of 2000 avoirdupois
pounds. To simplily calculation and to enable the assayer to use

the metric system of weights employed in all chemical calculations,

the ‘'assay ton” (“ A.T.”=29*166 grammes) has been devised,

which bears the same relation to the ton of 2000 Ib avoirdupois that

one milligram does to the Troy ounce ; when one assay ton of

ore is used, each milligram of gold or silver found represents one
ounce to the ton.

The assay of an ore for gold or silver consists of two operations.

In the fiist the gold or silver is made to combine or alloy with
metallic lead, the other constituents of the ore being separated

from the lead as slag. In the second, the lead button containing

the gold or silver is cupelled and the resulting gold or silver button
is weighed. The second operation has been fully described in

the ninth edition of this W’ork (vol. ii. p. 725) and need not be
further considered. The first is conducted in one of two ways,

known respectively as the crucible method and the scorification

method. The crucible method is generally used for ores containing

gold in small amounts and for certain classes of silver ores. The
amount of ore taken for assay is generally one-half “ A.T.,” but in

very low grade ores one, two, and sometimes even four “A.T.s”
are used. In the scorification method one-tenth of an “ A.T.” is the

amount commonly taken. While in both methods the same result

is sought, the means employed are quite different. In the scorifi-

cation method the ore is mixed in the scorifier (a shallow dish of

burned clay) with from ten to twenty times its weight of granulated

metallic lead (test lead) and a little borax glass, and heated in a

muffle, the front of which is at first .closed, w hen the lead melts

and begins to oxidize, the lead oxide or litharge, as it is called,

combines or dissolves the non-metallic and readily oxidizable con-

stituents of the ore, while the gold and silver alloy with the lead.

As the slag thus formed flows off to the sides of the scorifier, the

assay clears and the melted metallic lead forms an “eye” in the

middle. The door of the muffle is then opened and the cuiTent of

air which is drawn over the scorifier rapidly oxidizes the lead, while

the melted litharge gradually closes over the metal. When the
“ eye ” has quite (fisappeared the door is closed and the temperature
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raised to make the slag rery liq^uid. The scorifier is taken from the
mufiBlo in a pair of tongs and the contents poured into a mould, the
lead forming a button in the bottom while the slag floats on top.
When cold, the contents of the mould are taken out and the lead
button hammered into the form of a cube, the slag, which is glassy
and brittle, separating readily from the metal, which is then ready
for cupellation. In the crucible method the ore is mixed with from
once to twice its weight of flux, which varies in composition, but of
which the following may be taken as a type :

—

Sodium bicarbonate .... 8 parts.
Potassium carbonate . . . . 8 ,,

Powdered borax 4 ,,

Flour 1
”

Litharge 9

The mixture is charged into a round clay crucible from 100 mm. to
125 mm. high, and heated either in a muffle or in a crucible furnace
at a gradually increasing heat for forty or fif^ minutes. At the
expiration of this time, when the chaige should be perfectly liquid
and in a tranquil state of fusion, the crucible is removed from the
furnace and the contents are poured into a mould. The resulting
lead button hammered into shape and carefully cleansed fiom slag is

ready for the cupel. If the button is too large for cupellation, or
if it is hard, it may be scorified either alone or mixed with test
lead before cupellation. The character and amount of the flux
necessarily depend upon the chaiacter of the ore, the object being
to concentrate in the lead button aU the gold and silver while dis-

solving and carrying off in the slag the other constituents of the ore.

Under the most favourable conditions there is a slight loss of gold
and silver in the fusion, the scorification, and the cupellation, both
by absorption in the slag and by actual volatdization and absoi’p-

tion in the cupel. In ores containing much copper, this metal is

largely concentrated in the lead button, making it hard and necessi-

tating repeated scorifications, and in some eases a preliminary
removal of the copper by solution of the ore in nitric acid. This
leaves the gold in the insoluble residue, which is filtered off, and the
silver in the solution is thrown down by hydrochloric acid. The
resulting precipitate of silver chloride is filtered, and the residue
and the precipitate are scorified together. Ores containing much
arsenic or sulphur are generally roasted at a low heat and the assay
is made on the roasted material.

Lead,—The ^*dry” or fire assay for lead is largely used for the
valuation of lead ores, although it is being gradually replaced
by volumetric methods. One part of the ore is mixed with from
three to five parts of a flux of the following composition :

—

Potassium carbonate . . .40*6 per cent.

Sodium bicarbonate . . . .31*3
,,

Borax 15*6 ,,

Plour 12*5
,,

The mixture is charged into a clay crucible and heated for twenty
minutes at a good red heat. When the mixture has been in a
tranquil state of fusion for a few minutes it is poured into a mould.
When cold, the button is hammered, cleanea carefully from slag,

and weighed. The proportion is calculated from the amount of ore

used, and the result is expressed in parts in a hundred or percentage
of the ore. Various impurities, such as copper, antimony, and
sulphur, go into the lead button, so that the result is generally too
high. The most accurate method for the determination of lead in
ores is the gravimetric method, in which it is weighed as lead
sulphate after the various impurities have been separated. Nearly
all lead ores contain more or less sulphur ; and as in the process of
solution in nitric acid this is oxidized to sulphuric acid which unites

with the lead to form the very insoluble lead sulphate, it is simpler

to add sulphuric acid to convert all the lead into sulphate and then
evaporate until the nitric acid is expelled. The salts of iron,

copper, &c., are then dissolved in water and filtered from the in-

soluble silica, lead sulphate, and calcium sulphate, which are washed
with dilute sulphuric acid. The insoluble matter is treated with a
hot solution of alkaline ammonium acetate, which dissolves the
lead sulphate, the other materials being separated by filtration.

The lead sulphate, re-precipitated in the filtrate by an excess of
sulphuric acid and alcohol, is then filtered on an asbestos felt in a
Gooch crucible, washed with dilute sulphuric acid and alcohol,

ignited, and weighed. Lead sulphate contains 68*30 per cent,

of metallic lead.

There are several volumetric methods for assaying lead ores, but
the best known is that based on the precipitation of lead by
ammonium molybdate in an acetic acid solution. The lead sulphate,

obtained as described above and dissolved in ammonium acetate, is

acidulated with acetic acid diluted with hot water and heated to
boiling-point. A standardized solution of ammonium molybdate
is then added from a carefully-calibrated burette. As long as the
solution contains lead, the addition of the molybdate solution
causes a precipitation of white lead molybdate. An excess of the
precipitant is shown by a drop of the solution imparting a yellow
colour to a solution of tannin, prepared by dissolving one part of
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tannin in 300 of water
;
drops of this solution are placed on a

white porcelain plate, and as the precipitant is added to the lead
solution a drop of the latter is removed from time to time on a
glass stirring-rod and added to one of the drops on the porcelain

plate. The appearance of a yellow colour shows that all the lead
has been precipitated and that the solution contains an excess of
molybdate. From the leading of the burette the lead is calculated.

The molybdate solution should be of such a strength that 1 cc. will

precipitate 0*01 gramme of lead. It is standardized by dissolving
a weighed amount of lead sulphate in ammonium acetate and pro-

ceeding as described above.
Zinc.—Chemically the ores of zinc consist of the silicates, car-

bonates, oxides, and sulphides of zinc associated with other metals,
some of which complicate the methods of assay. The most modem
and the most generally accepted method is volumetric, and is based
on the reaction betvreen zinc chloride and potassium ferrocyanide,

by which insoluble zinc ferrocyanide and soluble potassium ohlonde
are formed ; the piesence of the slightest excess of potassium ferro-

cyanide is shown by a brownish tint being imparted by the solu-

tion to a ^op of m’anium nitrate. The ore (0 *5 gramme) is digested
with a mixture of potassium nitrate and nitric acid. A saturated
solution of potassium chlorate in strong nitric acid is added, and
the mass evaporated to dryness. It is then heated with a mixtuie
of ammonium chloride and ammonia, filtered and washed with a
hot dilute solution of the same mixture. The filtrate diluted to
200 cc. is carefully neutralized with hydrochloiic acid, an excess of
6 cc. of the strong acid is added, and the solution saturated with
hydrogen sulphide, which precipitates the copper and cadmium,
metals which would otherwise interfere. Without filtering, the
standard solution is added from a burette, and from time to time a
drop of the solution is removed on the glass stirring-rod and added
to a drop or two of a strong solution of uranium nitrate, previously
placed on a white porcelain plate. The appearance of a brown
tint in one of these tests shows the end of the reaction. When
cadmium is not present the copper may be precipitated by boiling
the acidulated ammoniacal solution with test lead and titrating,

as before described, without removing the lead and copper from the
solution. The ferrocyanide solution is standardized by dissolving

1 gramme ofpure zinc in 6 cc. ofhydrochloric acid, addingammonium
chloride and titrating as before. This method is modified in practice

by the character of the ores, carbonates and silicates free from
sulphides being decomposed by hydrochloric acid, with the addi-

tion of a little nitric acid.

Go^er.—^The fire assay for copper ores was abandoned years ago
and the electrolytic method took its place ; this in turn is now
largely replaced by volumetric methods. In the electrolyticmethod
from 0*5 to 5 grammes of ore are treated in a flask or beaker, with
a mixture of 10 cc. of nitric and 10 cc. of sulphuric acid, until

thoroughly decomposed. When this liquid is cold it is diluted

with cold water, heated until all the soluble salts are dissolved,

transferred to a tall, narrow beaker, and diluted to about 150 cc.

The electrodes are attached to a frame connected with the battery
and the beaker is placed on a stool, which can be raised so that the
electrodes are inomersed in the liquid and reach the bottom of the
beaker. The electrodes consist of two cylinders of platinum (placed

one inside the other) about 75 mm. high, the smaller of the two
37 mm., and the larger 50 mm. in diameter, both pierced with 10
to 12 holes 5 mm. in diameter, evenly distributed over the surfaces

to facilitate diffusion of the liquids. The surfaces of the cylinders

are roughened with a sand blast to increase the areas and make the
deposited metals adhere more firmly. Each cylinder has a platinum
wire fused to the upper circumference to connect with a clamp from
which a wire leads to the proper pole of the battery. The smaller

cylinder is generally the negative electrode on which the copper is

deposited. The framework cariying the clamps is arranged so that

a number of determinations may be made at one time, the wires

from the clamps running from a rheostat, so arranged that currents

of any strength may be used simultaneously. The cylinder, having
been carefully weighed, is placed in position, the beaker contain,

the solution is adjusted, and the current passed until all the copper
is precipitated. This generally requires from two to twelve hours.

The cylinders are then removed from the solution and washed with
distilled water, the one holding the deposited copper being washed
with alcohol, dried, and weighed ; the increase in weight represents

the copper contents of the ore. The deposited copper shoydd be
firmly adherent and bright rosy red in colour. Silver, arsenic, and
cadmium, if present, are precipitated with the copper and affect the

accuracy of the results ; they should he removed by special

methods.
Yolumetrio methods are more expeditious and require less appa-

ratus. The potassium cyanide method is based on the fact that,

when potassium cyanide is added to an ammoniacal solufiOn of a
salt of copper, the insoluble copper cyanide is formed, the end of

the reaction being indicated by the disappearance of the bine colour

of the solution. One gramme of the ore is treated in a fl^k with

a mixture of nitric and sulphuric acids and evaporated until all the

nitric acid is expelled. After cooling a little, water is added, and
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then a few grammes of aluminum foil free from copper. On this

foil the copper in the solution is all precipitated by electrolytic

action in a few minutes, and the aluminum is dissolved by the

addition of an excess of sulphuric acid. Water is added, and as

soon as the gangue and copper particles have settled the clear

solution is decanted, and the residue washed several times in the

same way. The copper is then dissolved in 5 cc. of nitric acid ;
if

silver is present a diop or two of hydrochloric acid is added, the

solution diluted to about 50 cc., and filtered. To the filtrate (or,

if no silver is present, to the diluted nitric acid solution) 10 cc.^ of

ammonia are added, and a standard solution of potassium cyanide

is run in from a burette until the blue colour has nearly disappeared.

The solution is filtered to get rid of the precipitate, and the titra-

tion is finished in the nearly clear filtrate, which should be always

about 200 CO. in volume. The titration is complete when the blue

colour is so faint that it is almost imperceptible after the flask

Has been vigorously shaken. The potassium cyanide solution is

standaidized by dissolving 0*5 gramme of pure copper in 5 cc. of

nitric acid, diluting, adding 10 cc. of ammonia, and titratmg

exactly as described above.

When potassium iodide is added to a solution of cupric acetate,

the reaction Cu(C2H302)2+ 2KI= Cul + 2K(C2H302) + 1 takes place

;

that is, for each molecule of copper one molecule of iodme is

liberated. If a solution of sodium hyposulphite is added to this

solution, hydriodic acid and sodium tetrathionate are formed ; and
if a little starch solution has been added, the end of the reaction is

indicated by the disappearance of the blue colour, due to the iodide

of starch. The amount of iodine liberated is therefore a measure
of the copper in the solution, and when the sodium hyposulphite

has been carefully standaidized the method is extremely accurate.

The ore is treated as described in the cyanide method until the

copper precipitated by the aluminum foil has been washed and
dissolved in 5 cc. of nitric acid; then 0*25 gramme of potassium

chlorate is added, and the solution boiled nearly dry to oxidize any
arsenic present to arsenic acid. The solution is cooled, 50 cc. water
added, then 5 cc. ammonia, and the solution is boiled for five

minutes. Next 5 cc. of glacial acetic acid are added, the solution

cooled, and 5 cc. of a solution of potassium iodide (300 ^ammes
to the litre) and the standard solution of sodium hyposul;^ite run
in from a burette until the brown colour has nearly disappeared.

A few drops of starch solution are then added, and when the blue
oolom* has nearly vanished a drop or two of methyl orange makes
the end reaction very sharp. The hyposulphite solution is standard-

ized by dissolving 0*3 to 0*5 gramme of pure copper in 3 cc. of

nitric acid, adding 50 cc. of water and 5 cc. ot ammonia, and
titrating as above after the addition of 5 cc. of glacial acetic acid

and 5 cc. of the potassium iodide solution.

Iron.—^The methods used in the assay for iron are volumetric,

and are all based on the property possessed by certain reagents ot

oxidizing iron from the ferrous to the ferric state. Two salts are

in common use for this purpose, potassium permanganate and
potassium bichromate. It is necessary in the first place, after the
ore is in solution, to reduce all the iron to the ferrous condition

;

then the carefully standardized solution of the oxidizing reagent is

added until all the iron is in the ferric state, the volume of the
standard solution used being the measure of the iron contained in
the ore. The end of the reaction when potassium permanganate is

employed is known by the change in colour of the solution. As
the solution of potassium permanganate, which is deep red in
colour, is dropped into the colourless iron solution, it is quickly
decolourized while the iron solution gradually assumes a yellowish
tinge, the first drop of the permanganate solution in excess giving
it a pink tint. With potassium bichromate solution, which is

yellow, the iron solution becomes green from the chromium chloride
or sulphate formed, and the end of the reaction is determined by
removing a drop of the solution on the stirring-rod and adding it to
a drop of a dilute solution of potassium ferricyanide on a white tile.

So long as the solution contains a ferrous salt, the drop on the tile

changes to blue ; hence the absence of a blue colouration indicates
the complete oxidation of all the ferrous salt and the end of the
reaction. One gramme of ore is usually taken for assay and treated
in a small flask or beaker with 10 cc. of hydrochloric acid. All
the iron in the ore generally dissolves upon heating, and a white
residue is left. Occasionally this residue contains a small amount
of iron in a difficultly soluble form ; in that case the solution is

slightly diluted with water and filtered into a larger flask. The
residue in the filter is ignited and fused with a little sodium car-
bonate and nitiate, or with sodium peroxide. The product is

treated with water, filtered, and the residue dissolved in hydro-
chloric acid and added to the main solution. This solution,
which should not exceed 60 cc. or 75 cc. in volume, contains the
irpn in the ferric state and is ready for reduction.

In the reduction by metallic zinc, about 3 grammes of granu-
lated or foliated zinc are placed in the fllask, which is closed with a
snisSl ftinnel ; when the iron is reduced, add 10 cc. of sulphuric acid,

soon as all the zinc is dissolved the solution is ready for

^
tn the^redttotion by stannous chloride the solution of
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the ore in the flask is heated to boiling, and a strong solution of
stannous chloride is added until the solution is completely decolour-
ized ; then 60 cc. of a solution of mercuric chloride (60 grammes to
the litre) are run in and the contents of the flask poured into a
dish containing 600 cc. of water and 60 co. of a solution containinff
200 grammes of manganous sulphate, 1 litre of phosphoric acid (1*3
sp. gr.), 400 cc. of sulphuric acid, and 1600 cc. of water. The
solution is then ready for titration with the standard permanganate
solution.

The permanganate or bichromate solution is standardized by dis-
solving 0*5 of a gramme of pure iron wire in a flask in hydrochloric
acid, oxidizing it with a little potassium chlorate, boiling off all
traces of chlorine, deoxidizing by one of the methods desciibed
above, and titrating with the solution. As the wiie always con-
tains impurities, the absolute amount of iron in the wire must be
determined and the correction made accordingly. Pure oxalic acid
may also be used, which, in the presence of sulphuric acid, is

oxidized by the standard solution according to the reaction :

—

6(112020421120) + 3II2SO4+ £[2^^203= IOCO2 4- 2MnS04
+ K2SO4+ I8H2O.

The reaction in case of ferrous sulphate is :

—

10FeSO4 -l- KsMnaOg+ 8H2S04= 5Fe2(S04)3-^ K2SO4

+ 2MnS04-f8H20;

that is, the same amount of potassium permanganate is required to
oxidize 5 molecules of oxalic acid that is necessary to oxidize 10 mole-
cules of iron in the form of ferrous sulphate to ferric sulphate, or 63
parts by weight of oxalic acid equal 56 parts by weight of metallic

ii*on. Ammonium ferrous sulphate may also be used ; it contains

one-seventh of its weight of iron. (a. A, B.)

AsSChe, a town of Belgium, in the province of

Brabant, 8 miles N.W. by W. of Brussels, with a station

on the line between Brussels and Termonde. It has

breweries and soap-works. Population (communal) (1890),

Y063; (1897), 7524.

Asserii a town in the Netherlands, capital of the

province of Drenthe, 16 miles S. of Groningen, on the railway

Meppel-Groningen of the Netherlands State railways and
two canals. Peat-cntting is a considerable industry. In
the neighbourhood are situated the megaliths (ITwiebedden)

mentioned by Tacitus, and a large number of prehistoric

remains have been discovered. The population in 1898

was 10,964.

Assiniboid.H See Nokth-West Tereitoeies.

Assinie. See Iyory Coast.

Assisi, a town and bishop’s see of the province of

Perugia, Umbria, Italy, situated on the slope of Mt. Subasio,

15 miles E. by S. from Perugia by rad, still surrounded by

mediaeval walls, and celebrated as the birthplace of St

Francis, whose tomb, in the crypt (1818) of the church of

the Franciscan monastery, attracts crowds of pilgrims

every year. This church is a double structure, and con-

sists of an upper church and a lower church, the latter

begun in 1228, and both finished in 1253. Both are

adorned by frescoes and pictures by Giotto, Cimabue, and

others. Down in the valley is the pilgrimage church of

Santa Maria degli Angeli, begun by Yignola in 1569 over

the oratory of St Francis, and finished about 1640;

restored after the earthquake of 1832. It is decorated hy

works from the brush of the Della Eobbias, Overbeck, and

others. In the town there are, further, the cathedral,

finished in 1140, and remodelled in the interior in 1572,

with a marble statue of St Francis by Dupr6 and a

Madonna and saints by Niccol6 da Foligno; the new

church, built in 1615 on the site of the house in which

St Francis was born
;
and the church of Santa Chiara

(1257), containing the remains of St Clara, foundress of

the order of the nuns of St Clare (1212). There are

also an old castle and the ruins of a Eoman amphitheatre.

Assisi was also the birthplace of the poet Propertius

(between 50 and 44 b.c.). Population, about 7000; of

commune, about 17,000.



ASSIUT—ASTRAKHAN
ASSiuti or Siut, the administrative capital of

Upper Egypt, and the largest and best-built town in the
Kile Valley south of Cairo, with a population which rose

from 32,000 in 1882 to 42,000 in 1900. It stands near the
left bank of the Kile on the Nile Valley railway, of which
it is an important station, 248 miles south of Cairo. Here
is a large canal communicating during the floods with the
Bahr Yusuf, which runs parallel with the Kile, and
discharges its overflow into the Fayyum depression. The
canal is now skirted by a magnificent embankment planted
with shady trees leading from the river to the town.
There are several bazaars, baths, and handsome mosques,
one noted for its lofty minaret, and here the American
mission has established a college for both sexes. Assiut
is famous for its red and black pottery, which finds a
ready market all over Egypt. In the neighbouring
Libyan hills are numerous rock-tombs, where are often

found the remains of wolf mummies, this animal having
been the tutelar deity of the place, whence its Greek
name of Lycojpolis (“ wolf-town ”).

ASSUa.ni or Aswan, a town of Upper Egypt on
the right bank of the Kile, facing Elephantine Island

below the First Cataract. It is a station on the Kile
Valley railway, 590 miles from Cairo. In 1880, though
the centre of a flourishing trade with the Sudan and
Abyssinia—^the annual value of the goods in transit was
estimated at £2,000,000—^its population was only about
4000. During the reign of the Khalifa it gained im-
portance as the seat of the military government of the

frontier provinces extending from Edfu to Wadi Haifa,

and numbered some 10,000 inhabitants. After the defeat

of the Khalifa at Omdurman it became popular as a
winter health-resort, and in 1901 had a population of

about 25,000. The great barrage immediately above
Aswan will place the agricultural prospects of the sur-

rounding country on an entirely new and improved footing.

In connexion with the work upon this undertaking and
the reservoirs a town of about 12,000 workmen has sprung
into existence. Aswan gives its name to one of the

three second-class administrative districts into which the

Anglo-Egyptian Sudan was divided in 1899, and is the

headquarters of the English military commandant.

Ast£Lr£i| a port on the Caspian, situated in 38° 27'

K. lat. and 48° 53' E. long., on both sides of the river

of the same name, which, according to the Turkmanchai
treaty of 1828, is the frontier between Persia and Eussia.

Until the Mercury Steam Kavigation Company made it a

port of call, about 1860, it was an unimportant fishing

village, but it has now a considerable trade, and much
Eussian merchandise is landed there and forwarded to

Azerbd.ij^n and Tabriz via Ardebil, 30 miles south-west.

In 1897, 77 vessels (76 steamers), with a tonnage of 43,101,

entered the port, and 272 vessels (240 steamers), with a
tonnage of 88,011, cleared it.

Asthma.. See Pathology {Respiratory Organs),

Asti, a town and episcopal see of the province of

Alessandria, Piedmont, Italy, on the Tanaro, 22 miles W.
from Alessandria by rail. Besides the cathedral, it has
the interesting church of St Peter and the church of St
John, both assigned to the Longobardic epoch (middle of

8th century, but remodelled in the 10th). There is a

statue of Victor Emmanuel. Asti is famous for its wine.

Population, about 19,000.

Astoria, a city of Oregon, U.S.A., and capital

of Clatsop county, situated on the Columbia, near its

mouth, in the north-western part of the state, and has an
excellent harbour. It is connected with Portland by the

Astoria and Columbia Eiver railway and by steamboat
lines. Its industries consist largely in salmon - canning
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and in the manufacture of lumber, the surrounding country

being densely forested with fir, cedar, and hemlock. It

was founded in 1811, as a depot in the fur trade, by John
Jacob Astor, after whom it is named. It was seized by
the British in 1813, but restored in 1818. In 1821,

while occupied by the North-West Fur Company, it was
burned and practically abandoned, leaving only a few
settlers. Population (1880), 2803 ; (1890), 6184 ; (1900),
8381.

Astra.kha.ny a government of S.E. Eussia, on the

lower Volga. Area, 91,237 sq. miles, of which 6730
sq. miles are in the delta of the Volga and the brackish
lagoons, and 62,290 sq. miles covered by the Kalmyk and
the Kirghiz Steppes. The climate is very hot and dry,

the average temperatures being for the year, 50° Fahr. *

for January, 21°; for July, 78°; yearly rainfall, 7
’3 ;

often

no rain at all in summer. Population (1897), 1,002,316,
of whom 485,5 1 7 were women, and 132,383 urban. About
132.000 Khlmyks and 260,000 Klirghiz are half nomad.
There are besides nearly 44,000 Tatars, 7000 Armenians,
1350 Poles, and as many Jews, The average percentage
of births is 5*7, and that of deaths 3*7. il^imary educa-
tion remains at a low level

;
the total number of pupils

in primary schools being only 12,337 (one school for every
2380 inhabitants). Fishing at the mouth of the Volga
gives occupation to nearly 30,000 persons, as much as

278,000,000 herrings being caught in a good year. Salt

is largely extracted (300,000 tons) from lakes, chiefly at

Baskunchak, which is now connected with the Volga by
rail. Cattle breeding is an important industry

;
in 1897

there were 1,075,600 horned cattle, 214,935 horses, and
3.521.000 sheep. Corn is imported, but gardening and
the culture of mustard, melons, and fruit for export are

on the increase. Agriculture is not much developed,
there being (1899) only 1,007,300 acres under cereals,

and the total cereal crop being on the average 149,600
tons. Forests cover only 430,000 acres. The Eussian
railways only touch the borders of the province. The
government is divided into five districts, the chief towns
of which are—^Astrakhan, pop. 113,000; Enotaevsk, 2810;
Krasnyi Yar, 4680

;
Tchornyi Yar, 5140 ; and Tsarev,

8900. Several villages are very populous, such as Niko-
laevskaya Sloboda (17,800). The Kalmyk Steppe (pop.

127,776), and the Inner Erghiz Horde (213,146), are

under their own internal administration. So also is the

territory of the Astrakhan Cossacks (pop. 25,600).

Astrakhan, capital of the above, on the left bank of

the main branch of the Volga, and 60 miles from the

Caspian Sea (68 feet below the level of the ocean) has,

since the development of the naphtha industry and the

opening of the Transcaspian railway, become a great centre

for external and internal trade, the yearly returns of

which are estimated at 16,100,000 roubles for the former
and 52,157,000 for the latter. The port is visited yearly

by about 4000 vessels ; and 1242 vessels (90 steamers)

belong to it. Population (1867), 47,839
; (1897), 1 13,000.

It is well provided with gymnasia for boys and girls and
technical schools. Good public gardens and squares (one

of which is adorned by a monument to Alexander 11.)

have been laid out.

Eight miles above Astrakhan, on the light bank of the Volga,

are the ruins of two ancient cities, one above the other. In the
Tipper layer, amidst aH sorts of debris, charcoal, and bones, have
been found gold and silver mints made by the Mongol Horde
rulers, as well as various silver and gold ornaments. These ruins

are separated by a layer of earth from older and scantier ruins,

supposed to be the remains of the large and prosperous city Atel,

or Itil (Etel, Idl) of the Arabian geographers flbn Fozlan, Ibn
Hankal, etc.), which was the residence of lie Khan of the Khozars,

and was destroyed by the Russes in 969. The upper layer of ruins

may represent the old city of Balanjar (Balansar, Belender).

_(P. A. K.)
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ASTEO

PART I. of the article on Astronomy in the ninth

edition of this Encyclopaedia treats of the history of

the science, and needs no supplement. In the first six

chapters of Part 11. are developed those general principles

and methods which form the basis of the science and are

not subject to material revision. Our present purpose is to

supplement the chapters from VII. onwards. We shall

first treat the recent developments relating to the solar

system, and afterwards briefly describe the progress of

knowledge in regard to the fixed stars. In arranging the

first subject we shall set forth the general results of tele-

scopic and spectroscopic observations of the planets, in

advance of results derived from the mathematical investi-

gation of their motions. The subject thus divides itself

into three sections :

—

I, The physical and other general features of the

solar system.

II. Gravitational and theoretical astronomy.

III. The recent development of our knowledge of the

fixed stars.

I. Physical Features of the Solar System.

The development of this subject since 1880 is prin-

cipally due to the increased power of our instruments

and the more extended use of the spectroscope. Sixty

years ago the spectroscope was unknown, and the

^mentin“
4 to 9 inches

telescopes, aperture. About 1840, the successors of

Fraunhofer made two telescopes of 14 inches’

aperture for the observatories of Pulkowa and Harvard
University. The extreme limit of size was then thought
to be attained, but by 1880 the aperture was carried

up to 26 inches, and now it is 40 inches. The great

Yerkes telescope of the university of Chicago gives

about seven times the light of the Harvard and
Pulkowa instruments. It might be thought that this

enormous increase of power would have resulted in the
final settlement of all questions, formerly the subject

of debate, as to the physical phenomena presented by
the planets. But such is far from being the case, and
the vast mass of observations that have been accumu-
lated has thrown less light than might have been
expected on the question of the rotation or physical
constitution of these bodies, though, at the same time,
critical examination may show that the results to be
derived are not so discordant or doubtful as might
appear from the seeming divergence of the observations
themselves. The observers who, since 1880, have
made careful studies upon the appearance of the planets
in the telescope, are so numerous thal^^ only a few
of the best known can be mentioned. The systematic
work of the British Astronomical Association, which has
organized sections for the special study of particular
objects, offers a good example of the energy with which a
large and popular body may pursue scientific investigation.
This body does not, however, command the instruments
or enjoy the atmospheric conditions necessary to settle the
most difficult questions. Among the individual observers
Schiaparelli may be assigned the first place, in view of his
long-continued studies of the planets under a fine Italian
sky, the conscientious minuteness of his examinations, and
his eminence as an investigator. In what concerns the
m^ns and opportunities of observation, Barnard at the
lick Observatory enjoyed advantages offered to no other
observe?:. The observatory at Flagstaff, Arizona, was
fotmded by Mr Percival LoweU, of Boston, for the special

NOMY.
purpose of studying the physical phenomena presented by
the planets, particularly Mars, and its situation is believed
to be one of the best as regards atmospheric conditions.

Taking up the planets in order, we begin with Mercury.
Only on rare occasions have observers succeeded in discern-
ing any well-defined features on the disc of this

planet. Up to 1890 the period of its rotation
was generally said to be nearly twenty-four hours, a state-

ment which rested mainly on observations made by
Schroeter, the indefatigable observer of Lilienthal, about
the beginning of the century. Cautious and conservative
astronomers have been more and more sceptical as to the
correctness of this period, on account of the failure of
observers with better instruments than Schroeter’s to see
permanent markings that could be followed from day to
day. In 1882 Schiaparelli began a careful study of
the face of the planet, with a refractor of 8 inches’

aperture, subsequently replaced by one of 18 inches’. His
unexpected conclusion was that the rotation of Mercury
resembles that of the moon, in having its period equal to
that of the orbital revolution. As the moon always pre-
sents the same face to the earth, so Mercury always pre-
sents very nearly the same face to the sun. Schiaparelli

also announced that the axis of rotation of the planet
is very nearly perpendicular to the plane of its orbit.

The rotation being uniform, while the orbital motion,
owing to the great eccentricity of the orbit, is affected by
a very large inequality, it follows that there is a libration

in longitude of nearly 24“ on each side of the mean
position. Mr Lowell, in 1897, took up the question
anew by combining a long series of measured diameters of
the planet with drawings of its apparent surface made
from time to time. The latter showed long narrow
markings, similar in their general character to the sup-

posed channels seen by Schiaparelli upon Mars, and the

constancy of these markings was considered to confirm
the view of SchiapareUi as to the slow rotation of the

planet. The diameter was found to be 0*8" greater than
the value which had before been generally accepted. The
most curious result of Mr Lowell’s work was that the

body of the planet is possibly somewhat ellipsoidal, the

longer axis being directed toward the sun. This, however,

cannot be regarded as established. It is worthy of

remark that the larger diameter and the ellipsoidal form
may be connected with a curious discrepancy found in

discussing the meridian observations of the planet. This

consists in the fact that in the general average, when the

planet is east of the sun the right ascension derived from

observations seems to be too small, and when west of the

sun too great. In either case, it is impossible to observe

the real centre of the planet, because the latter always

shows a phase like that of the moon, being sometimes a
crescent, sometimes a semicircle, and sometimes gibbous,

according to the position in the orbit. The observers

sometimes directed their view upon the bright limb which,

of course, was always towards the sun, and sometimes

upon the apparent centre of the illuminated surface; hence

reduction from the point observed to the centre of the

planet was necessary to derive the position of the centre

supposed to be given by the observations. This reduction

was necessarily a fraction of the assumed diameter of the

planet, which had to be determined from other sources.

The discrepancy shows that the reduction actually applied

was, in the general average, too small by a considerable

fraction of a second, but it is impossible to say with

certainty whether this arose from a personal equation of
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the observers, due to the fact that the limb of the planet
nearest the sun was so much brighter than the rest of the
disc that the observers of the apparent centre set very
nearly on the limb, or from the assumed diameter being
too small, as supposed by Mr LoweU.

Schiaparelli made his well-known studies upon Yenus
contemporaneously with those upon Mercury, and his

Venus
conclusions were summed up in five brief notes
read to the Milan Academy during the year

1890. The first four of these are devoted to a very full

and exhaustive history of all existing telescopic observa-

tions upon the supposed spots of the planet from the time
of Bi'anchini (1728), the result being that no positive

conclusions can be drawn from any of the observations,

either as to permanent markings on the planet or its time

of rotation. Herschel had devoted special attention to

the subject, and, as is well known, could find no evidence

of any weU-defined period of rotation. The first definite

clue to a conclusion which Schiaparelli could obtain, was
suggested by the long continuance of two faint spots

near the southern cusp of the planet. It is true that

these spots were not always visible
j
yet, under the best

conditions, they could be seen at some hour every day
for weeks at a time, and sometimes during several hours
on the same day. He agreed with Herschel and others of

the best astronomers in concluding that these spots were
not really permanent, but disappeared at the end of a few
weeks at most. At the same time the faint temporary
spots which he succeeded in discerning remained immov-
able for several hours in succession, thus precluding the

idea of previous observers that the planet rotated in a
period not very different from twenty-four hours. More-
over, their continued observation for several weeks seemed
to show that their rotation must be very slow, and their

period several months, perhaps equal to that of the re-

volution of the planet round the sun. Lowell reached

a similar but more definite conclusion, maintaining that

the planet really did always present the same face to the

sun. But in the opinion of the most conservative astrono-

mers, the whole subject of the •rotation, both of Mercury
and Yenus, is still in doubt. The supposed spots are so

indefinite, that it is not safe to rest a positive conclusion

on them. The most recent and most definite result is that

ol Belopolsky at Pulkowa, who determined by the spectro-

graphic method the difference of the velocities with which
various points of the circumference of the disk of Yenus were

moving to or from us. The mean of a great number of

measures gave a velocity of rotation of 0’9 km. per second,

corresponding to a period of twelve hours. So short a period

seems incompatible with the absence of sensible eUipticity

in the figure of the planet, yet the observations greatly

weaken Schiaparellis conclusion (Ast ISfach, No, 3641).

Conclusive evidence that Yenus is surrounded by a

transparent, or at least a translucent atmosphere, was
gathered at the transit of Yenus in 1882, and scarcely

less conclusive was the evidence that this atmosphere

bears a great volume of clouds, which probably would
completely obscure the surface of the planet. After one-

haH of the dark body of the planet had entered upon the

disc of the sun, that portion of its outline without the

sun became visible as a thin line of light extending

around its border. This line can be attributed to no

other cause than the refraction of the sun’s rays produced

by an atmosphere surrounding the planet. Had this

atmosphere been quite transparent, we should have

expected the line of light to make its first appearance

at the most distant point A (see Fig. 1) of the circumfer-

ence of the planet, owing to the fact that before the

planet had half entered, the only rays that could be

refracted to us would necessarily pass near this region.

From this point. A, the Ime of light should have extended
in both directions, until, after more than half the planet

was on the solar disc, it would have been seen complete.

Instead of this the light first showed itself along a small

arc at the point B. A few minutes later, small portions
of it began to glimmer here and there around other parts

A

Fig. 1.

of the dark circumference, but it was not until the planet

was almost entirely on the disc that the arc of hght
became plainly continuous. It is difficult to attribute

this phenomenon to any other cause than clouds floating

in the lower region of the atmosphere, and possibly an
irregularly translucent condition of the latter rather than

entire transparency.

There is a class of telescopic observations which, at

first sight, seem incompatible with those made about the

time of a transit. At intervals of eight years before and
after a transit, Yenus passes very near the sun. On such

an occasion, in 1866, Lyman, at New Haven, saw the

entire outline of the planet as an exceedingly fine ring of

light, and on 1st and 5th December 1890 Barnard saw
the entire outline except about 20“. An atmosphere

refracting rays so strongly that the illumination of the

entire planet would be visible under such circumstances,

ought to show a bright arc of hght on the side farthest

from the sun, whereas, in fact, this was always the

darkest portion of the outline. A very elaborate dis-

cussion of all the observations of this class has been made
by H. N. Bussell {Astrojohysical Journal^ ix:. 284), who
proposes the explanation that the visible outline which we
see is not the illuminated surface of the planet but the

upper illuminated region of the atmosphere, bearing sus-

pended particles of dust or fog. He also concludes that

the atmosphere of Yenus is decidedly rarer than that of

the earth. This seems the best explanation of the seem-

ing paradox that has yet been offered.

The earlier telescopic observers had no difficulty in

discerning bright and obscure regions on the surface of

Mars, and in concluding from the varying

aspects of these regions that it rotated on its

axis in a period of a little more than twenty-four hours.

The only important additions to our knowledge of the

surface between the time of Herschel and Schroeter, and

the opposition of 1877, were embodied in maps of the

planet, which agreed in the main features, but differed

greatly in details. At the opposition of 1877, the planet

*was unusually near the earth; and although its south

declination was not favourable to observations in the

northern hemisphere, Schiaparelli instituted a series of

studies which, continued through several subsequent

oppositions, have given rise to a large mass of literature

on the subject. Observers had long seen, or fancied they

could see, a remarkable resemblance between the surface

of Mars and that of the earth. The brighter regions

were supposed to be continents
;
the darker ones oceans.

Schiaparelli’s great discovery was that these supposed

oceans were connected by comparatively narrow streaks,

to which he applied the term channels {camale\ a w(Jtd

which, through an unfortunate misconception, has^ been

translated into English as canal,” thus giving rise to

S. L— 92
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the impression that the features in question were the

work of the inhabitants of Mars. The studies of these

features by other observers have been so numerous that it

is impossible even to summarize them. Some have failed

to see the channels at all, but the most successful in

seeing and drawing them 'have been the observers at

the Lowell Observatory. A careful comparison of the

maps of Schiaparelli with each other, and with that of

Lowell, shows that there is by no means a complete

agreement as to these features. Schiaparelli depicts them
as rather obscure and more or less diffused bands or

streaks of appreciable breadth, whereas in Lowell’s

drawings they appear as sharp, fine, dark lines. The
channels seen by Lowell are much more numerous than

those seen by Schiaparelli, but at the same time we
cannot identify all of Schiaparelli’s channels on Lowell’s

map. An additional characteristic of the latter is that

the numerous junction points of the channels are fre-

quently marked by round, dark spots, like circular lakes,

which do not appear on Schiaparelli’s map. The current

interpretation of these features has been contested by
Barnard, who seems to have seen the planet under much
more favourable conditions than either of the two other

observers. He had the advantage of the great aperture

of the Lick telescope, and the very fine seeing now and
then obtained at Mount Hamilton. In exceptionally favour-

able circumstances he could see markings so minute,

intricate, and abundant that it was impossible to delineate

them. They were even more numerous on the so-called

seas than on the broad continental regions. They were
usually more or less irregular, consisting in delicate

differences of shade. No straight and sharp lines were
seen. Between the black spots which abounded in a
certain region were seen diffuse hazy lines, rather irregu-

larly formed {Mowthly Notices B, A. S. vol, Ivi. 1896,

p. 166). These discrepancies between the two observers

are aU the more noteworthy, in view of the skill of each,

Schiaparelli being known for his conscientious care in

avoiding every sort of illusion, and training his eye to see

only what is existent, while Barnard is equally conscien-

tious, and had at his disposition telescopic power far

exceeding that of SchiapareUi.

The apparent discrepancy can, we believe, be reconciled

by some considerations on the psychology of vision. If

we observe a stippled engraving of such an object as the

human face from a certain distance, we see nothing but
continuous light and shade. If we seek to draw what we
see, we may form the best representation by lines repre-

senting the outlines of the human features. But if,

instead of studying the engraving at a distance, we look
at it through a magnifying glass, we see no lines whatever
but only collections of points, perhaps without any well-

defined arrangement, thicker in some regions than in
others, and of various sizes. We thus learn that the eye
possesses a property of representing collections and rows
of points to the visual sense as continuous lines of light

and shade. From this point of view it is quite natural
that such features as those described by Barnard should,

when seen with less sharpness, present to the eye the
appearance shown on the maps of Schiaparelli. The
discrepancy between the outlines, as drawn not only by
the two observers, but by the same observer at various
times, shows that there is something shadowy and in-

definite, we may even say doubtful, in Sie objects depicted.
Some of the channels are unmistakable. Of others the
difference of shading is so slight that visual distinctness is

scarcely possible, and none of th^em, perhaps, can be con-
isidexed as anything but the result of a combination of
iscpnplex features too minute to be separately visible. In

^<Hmexion a diort paper by Cerulli in the AstroTwni.

Nach. (Bd. 146, S. 155) may be read with interest.
This observer found that after having observed the
channels of Mars for two years through a telescope, he
was able, by looking at the moon through an opera-giass,
to see similar lines upon its surface, but these seeming
lines were shown by observations with the telescope to be
unreal, being only the result of the unconscious action of
the eye in joining together slight and irregular combina-
tions of light and shade in such a way as to produce
regular forms. As this action was the result of a long
habit, the fact shows the possibility that long practice in
observing may result in an observer seeing objects in-

correctly. Could we see Mars with an optical instrument
bearing the same ratio to a common telescope that the
latter does to an opera-glass, the result might be the same
for Mars that Cerulli found for the moon. The doubling
of the channels noticed from time to time by some
observers must also be placed in the category of doubtful
phenomena or probable illusions, and there is on this

point an absence of agreement among the observers which
must throw doubt on their conclusions. On Schiaparelli’s

map and in Lowell’s drawing the double channels are

simply parallel ones of equal strength, so far apart that

they are distinctly separate objects, though others find the

supposed duplicity very difficult to make out. It is con-

ceivable that an observer, under unfavourable conditions,

might find these pairs of markings hard to separate
; but,

were such the case, they would be seen as a very broad

band and not as the narrow streaks commonly depicted.

The well-known fact that the polar regions of Mars are

covered with a white deposit during the Martian winter,

of which the greater part melts away in the

course of the Martian summer, has given rise to

the belief that the planet has an atmosphere
and oceans like our own. Apparent changes in

the visibility of different spots at different times seem to

confirm this view, by suggesting that portions of the

planet are from time to time rendered invisible by clouds.

But the telescopic observations of Lowell, and those made
with a spectroscope by Campbell, both tend to weaken
this viewj Lowell, from his own observations, reached

the conclusion that the atmosphere must be much rarer

than that of the earth and comparatively cloudless, and

Campbell, by comparing the spectra of Mars and the

moon, could not certainly discern any well-marked differ-

ence between them. It is known that the moon has no

atmosphere sufficient to produce an absorption spectrum.

Hence Campbell’s observations show that if the same

thing is not absolutely true of Mars, it must be approxi-

mately so, in that no spectral lines are strengthened by

the atmosphere to an obvious extent. Just how dense an

atmosphere could exist without having any appreciable

effect on the lines, especially how much aqueous vapour

it might contain, we cannot state with precision, but we
seem justified in concluding that the Martian atmosphere

is much rarer and much more free from aqueous vapour

than that of the earth. The problem of reconciling the

supposed winter snow deposits with the great rarity of

the atmosphere presents no difficulty. But there is real

difficulty in supposing that the summer temperature can

be so lugh as to melt any considerable thickness of snow

or ice. The most probable explanation of this pheno-

menon seems to be that the polar caps are in the nature

of hoar frost deposited during the extreme cold that must

prevail in a region completely cut off from the rays of

the sun, and not warmed as our polar regions are by air

currents from the warmer equatorial regions. Ice slowly

evaporates at a temperature below the melting-point. It

is not, therefore, necessary to suppose that the sun’s rays

warm the polar regions of Mars even up to the melting-
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point of water, in order to explain the evaporation of a
thin deposit of frost during the Martian summer.
Our general conclusions as to the physical condition of

the surface of Mars may be summed up as follows
; (1)

The dark regions on the planet are not oceans, as was
formerly supposed, the more probable hypothesis being
that the dark colour is simply that of the solid surface of

the planet. The amount of heat received from the sun
on each unit of surface is less than half that received by
the earth, and it is commonly supposed that the surface

of our globe is, in the general average, warmer than it

would be if our atmosphere were less dense or less rich in

aqueous vapour. It is therefore very unlikely that the
surface of Mars can be warm enough to allow of the
presence of large bodies of water in the liquid state.

(2) The so-called canals or channels are probably not the

definite features that appear on the drawings, but rather

the result of slight suggestions made to the eye by more
or less irregular differences in the minute shadings and
colour tints on the surface of the planet.

Probably no astronomical discovery since that of Nep-
tune has so surprised the astronomical world as the

announcement, made in August 187Y, that Pro-

fessor Asaph Hall had discovered two satellites
®

* of Mars. The most remarkable feature of these

bodies is their minuteness, their estimated diameter

being only 8 or 10 miles, and they are the smallest

known bodies in our system, except possibly a few of the

more recently discovered minor planets. Among satellites

the inner one is unique, in that its time of revolution

round the planet is less than the Martian day, being in

fact less than nine hours. The result is that to an ob-

server on the planet it would rise in the west and set in

the east. They are, of course, difficult objects to observe,

especially at those oppositions when the planet is farthest

from the sun
;
but at the favourable oppositions, when

Mars is near its perihelion, they may easily be seen with a

telescope of 12 inches^ aperture or upwards, if the observer

takes the precaution to cut off the light of Mars from his

field of vision. Particulars relating to the elements and
motions of these bodies are given on pages 744-5.

The number of known members of the group of minor
planets now approaches 500, and is increasing so rapidly

that no trustworthy estimate of its total can yet be

planets
mean opposition magnitude of those

most recently discovered generally lies between

the 11th and 13th, and sometimes is of the 14th or 15th.

New discoveries are now made entirely by photography.

A sensitized plate is exposed in the focus of an equatorial

photographic telescope, moved by clockwork so as to

follow the stars in their diurnal motion, and on this when
developed the stars appear as minute dark dots. But if

the image of a planet is imprinted on the plate, it wffl

appear as a short line, owing to the combined effect of its

orbital motion and that of the earth. The ease with

which such a plate can be examined under a microscope,

renders this method much simpler and more expeditious

than the old one of searching for the planet visually.

One of the bodies recently added to the list is, in the

character of its orbit, quite unique. The orbits of all

the minor planets known up to 1898 were situated

between those of Mars and Jupiter, but in August of that

year, Witt, of Berlin, found a planet which at periheHon

comes considerably within the orbit of Mars. The name
of Eros has been assigned to it. A remarkable feature is

that the two orbits, those of Eros and of Mars, are inter-

linked in such a way that if both were material they

would pass through each other like two links in a chain

;

but the inclination of the orbits and the large eccentricity

of Eros are such that, at present, there is no very near

approach of the two orbits, though this coxdd not always
have been the case in the past, nor will it be the case m
the future. One result of the secular variations must be
that the two orbits will, at some period, actually intersect,

and near this time Mars and Eros will approach so close

to one another that the orbit of the latter may be com-
pletely changed. Not unlikely this was the case at some
unknown epoch in the past, previous to which the orbit

of Eros may have been very different from what it is now.
Approximate elements of this body referred to the equinox
of 1900 are these :

—

Epoch, 1898, A%gmt 31, 5 G.M, T,

Mean long, at epoch

, ,
anom.

,

,

Long, of perihelion

„ node
Inclination .

Angle of eccentricity

Daily mean motion
Log. mean distance

Eccentricity

342'" 48^

221“" 37'

i2r ir
303“ 31'

10“ 50'

12“ 52'

2015*2326"
0*163798"
0*22275"

From the mean distance and eccentricity it follows that

the least distance^ of the planet from the sun is 1*1333
;

the greatest, 1*7829. At the descending node on the

echptic its distance from the earths orbit is only 0*149, a
distance much less than that of any other known planet.

The earth passes this point about 24th January of each

year ; but it is only on rare occasions that the planet will

be very
^

near the corresponding part of its orbit at this

date. A tantalizing fact for the astronomer is that such

a passage occurred about 24th January 1894, before the

planet was recognized, and that so near an approach will

not occur again until 1975. Oppositions not much less

favourable than that of 1894 will occur in 1931 and
1938. The epochs of these nearest approaches can be
utilized for more exact measures of the solar parallax than

have yet been made. Seven years before and after each

most favourable opposition another occurs at which, though

less favourable, the planet comes so near as to offer an
excellent opportunity for the measures in question.

A study of the distribution of the mean motions of these bodies

shows a singular feature, apparently connected with their origin, on
which it may throw some light. About 1870 it was
noticed by Kirkwood that when these mean motions .

are arranged in the order of their magnitude, gaps are

found in the series correspondmg to the points of com-
mensurabdity with the mean motion of Jupiter

;
that

®®^*

is to say, the period of Jupiter being in round numbers twelve

DutrihvUon of 400 Minor Flan&ts into Groups, according to Mexm
Motions and Mean Distances.

Limits ofMean
Motion,

Limits of Mean
Distance

Breadth
of Zone.

No of
Planets.

Gommens.
with

Jupiter.

Exceed 1000 Below 2*38 31

910 to 1000 2-33 to 2-48 •15 64

870 910 2*48 „ 2*55 •07 6 3:1
790 „ 870 2-55 „ 2-72 •17 79

760 „ 790 2-72 „ 2-79 •07 65

750 „ 760 2*79 „ 2*82 *03 9

740 „ 750 2 82 „ 2*84 *02 1 5:2

710 „ 740 2*84 „ 2*92 •08 29

690 „ 710 2*92 „ 2*98 •06
,

5 7:3
810 „ 690 2*98 „ 3*24 •26 96

580 „ 610 3-24 „ 3*34 •10
: 0 2:1

540 „ 580 3*34 „ 3*52 •18 10

460 „ 540 3*52 „ 3*88 36 0 5:3

400 „ 460 3*88 „ 4*28 *40 5
i

years, there are few or none of these bodies which have periods of

one-half, one-third, or two-fifths of twelve years.^ If there were any

of the group having any of these periods, it is known that the

1 Distances among the planets are expressed in rad.ii of the earth's

orbit.
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perturbations produced by Jupitei would be greatly exaggerated

in the course of centuries It was therefoie supposed that it theie

ever had been planets with these mean motions, their orbits would

have been unstable and subjected to laige and unknown changes.

Tins conclusion, however, is misleading. The lesult m question

follows when the integration of the equations ot motion of the

planet is only approximate, but a rigorous integration shows that

commensui ability ot the kind in question does not lead to any

instability When Kirkwood made his investigation, only about

100 of these bodies were known, but a study of the 400 members
of the gzoup whose mean motions aie fairly well determined shows

the matter in anothei and more striking light. In the preceding

table IS shown the distiibution of those members in zones of mean
motion and mean distance.

A study of this table shows that what we see in the group aie

not gaps in an otherwise uniform senes, but a tendency to cluster

into zones, which are condensed near the middle of the regions

between the lines of commeusurability and thin out gradually

towards those lines. For the most pait there is no absolute

dividing line between the zones, the number being merely less

near the line of commensurahility. This, howevei, is not the

case with the two outer zones. In the legion 3*24 to 3 34 no
planets are yet known, while in the next zone, 0 18 in bieadth,

there are ten. Then follows a zone 0'36 in breadth, without any,

outside of which there are five. That theie is a causal connexion

between this system of grouping and the lines of commensurahility

with Jupiter can scarcely be doubted, but, as already remarked,

we cannot attribute the paucity of planets appioaching to com-
mensurability to any want of stability in their motion. One
cannot but suspect that the phenomenon has a eosmogonical

origin, and arose from the formation of zones of different degrees

of density in the original revolving nebulous mass from 'vmich

these bodies were foimed.

The laws of secular variation of elements show that there is a

certain mean plane around which the nodes of these bodies tend
to be uniformly scattered, and a certain mean longitude towards
which the perihelia tend {Astronom. N'ach, Iviii. S. 210). The
position of the mean plane is ; longitude of node, 91®

;
inclina-

tion to eliptio, 1® 3'. The eccentricity and perihelion of the mean
orbit are : eccentricity, 0*0321

;
longitude of perihelion, 3°. This

last result does not imply that we have here the mean of all the

eccentricities, hut that the mean value of the e sin tt and e cos tt

for all the orbits will he very near the products of the eccentricity

just given into the sme and cosine of 3®. The lesult may he
otheiwise expressed by saying that the action of each planet tends

to bring the mean plane of the orbits of the small planets into its

own plane, and to elongate the orbits in the direction of its own
aphelion. As Jupiter exerts the most powerful action on the

inmor planets, a tendency thus arises among the latter to coin-

cidence of their nodes and perihelia with the node and peri-

helion of Jupiter.

The most notable addition to our recent knowledge of

the Jovian system consists in the discovery of a minute
additional

^
satellite by Barnard in September

aySem. 1^92, with the 36~incb telescope of the Lick
Observatory. It is much nearer the planet than

the four previously known, and the only designation

which it has thus far received is that of “ fifth satellite,”

the order of distances of the satellites thus being the fifth,

first, second, &c. As regards visibility it is one of the

most difficult obj'ects—^perhaps the most difficult—^in the

solar system, and has been seen only with a few of the

largest telescopes. Its mean synodic period of revolution

is 11 h. 51 m. 27*635 s. It has been assiduously observed
by its original discoverer, who finds a quite appreciable

eccentricity in its orbit. From his observations, com-
bined with a consideration of the theoretical effect of
the ellipticity of Jupiter, its pericentre is found to revolve
with a more rapid motion than that of any other known
celestial body, making more than an entire revolution in a
year. The four satellites formerly known have been found
by Barnard and W. H. Pickering to exhibit singular

anomalies of apparent form while in transit acrobs the
disc of Jupiter. The &st sometimes appeared double on
such occasions, although no such form l^d been seen at
other times, and it became a question whether it could
really consist of two bodies. After a careful study of the
subject, Barnard reached the conclusion: that the appear-
and was due to a bright band around the equatorial

region of the satellite, while the poles were of a darker
tint, the varied shading of the belts of Jupiter on which it

was seen projected during the transit resulting sometimes
in only the polar regions being visible. Anomalies of
form noticed in the other satellites have not been con-

firmed by the observations of Barnard (Monthly Fotices

E. A, S, Hv. 1894, p. 134).

The ease with which the complex cloud-forms on
Jupiter can be observed has led to a careful study of

its surface by many observers. The British Astronomical
Association has a special section devoted to this study.

Although a great mass of observations has thus been
collected, illustrative of the changes continually going on
at the surface of the planet, it cannot be said that any
radically new views respecting its constitution have been
gained, nor that the observations have yet led to any
researches that would throw much additional light

on the subject. The most noteworthy phenomenon of

late years has been the garnet spot which appeared
in middle southern latitude in 1878. For ten years no
great changes were noticed in it

;
then it gradually began

to fade away. About 1892 it brightened up again, then
again began to fade, and has been seen only occasionally

and with difficulty since 1897. The most careful investi-

gation of its motion has been made by Lohse, whose work
embraced the entire period of visibility from 1878 to

1897. His most remarkable conclusion is that the period

of revolution of the spot has been undergoing a fairly

continuous change. For several years before and after

1891, it was 9 h. 55 m. 41 s. But if with this motion
its position is computed back during previous years, it

will be found to have wandered over more than two-thirds

the circumference of the parallel on which it is situated.

This result emphasizes the fact already known, that if

Jupiter has any solid nucleus it is invisible to us
;
for had

the spot in question been connected with such a nucleus,

had it even been in the nature of an eruption from a

volcano, its period of revolution would necessarily have

been uniform. Granting—as seems to be unavoidable—^that the visible surface of the planet is either liquid or

gaseous, the persistence of the spot through twenty years

is remarkable. The most plausible hypothesis is that it

is in the nature of an island floating upon a liquid surface,

but it does not seem at all probable that any formation

floating in an atmosphere could have lasted tliough such

an interval. Still, it is an open question whether the so-

called belts of Jupiter indicate a liquid or gaseous condition

of the visible surface. The great difficulty in the way of

the liquid hypothesis is the 'very great difference in the

times of rotation of the equatorial portions of the planet

and the spots in middle latitudes. It is now found that

while the latter, like the red spot, rotate in 9 h. 55 m.

and a somewhat variable number of seconds, the equatorial

markings make a revolution in about five minutes less

time, or 9 h. 50 m. jplvs a varying number of seconds.

In this respect Jupiter resembles the sun, whose rotation

follows the same law. In the case of the planet, however,

it is very remarkable that no intermediate times of

rotation seem to have been well made out. Whether this

arises from the fact that observers have not devoted to

this subject the attention which it deserves, or whether

the line between the two times of rotations is a narrow

on^ is a question which cannot yet he decisively answered.

The important point is that the difference between the

two times corresponds to a difference of about 7*5“ in the

motion round the planet during a terrestrial day. This

corresponds to a linear motion on the surface of the planet

of more than 30,000 miles per day, a motion which it

seems difficult to reconcile with liquidity of the visible

surface.
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The view expressed in the ninth edition of this woik, that

Jupiter shines paitly by its own light, has not been confirmed by
later researches. The complete disappearance of the satellites,

even in the most powerful telescopes, while in the shadow of
Jupiter, shows that they cannot leceive sufficient light fioni that
planet to be visible, and the uniform daikness of the shadow of

the satellite when seen on the planet, shoves that the latter cannot
be self-luminous. It is also to be remarked that, were it only
moderately self-luminous, the colour of the light which it sends to

us would be red, such light being that first emitted from a heated
body when its temperature is raised. While it is quite possible

that a small quantity of such light may reach us from the planet,

no facts to prove it have yet been adduced.

In April 1898, the probable discovery of a ninth

satellite of Saturn by W. H. Pickering was announced
from the Harvard College Observatory. The

s^stem^^
new object was detected by means of four

'

photographs of the region in the immediate
neighbourhood of Saturn, taken on 16th, 17th, and 18th
August 1898. A minute star was found on each of the

plates, occupying a position which was vacant on the

other plates. The object was of the fifteenth magnitude,

and therefore so faint as to be invisible to the eye by any
but the most powerful telescopes. Its position relative to

Saturn could not be readily determined, because the long

exposure necessary to bring out so faint an object resulted

in the image of Saturn being completely “burned” out
on the plates

;
in fact, the planet and rings appeared only

as a large, dark, faintly-defined hlotch of light, several

times larger than the planet itself. Assuming that the

object in question was a satellite of Saturn, it must be at

some distance outside of all the other satellites, and its

time of revolution must be several months. As the object

does not seem to have been certainly detected at the

following opposition, some doubt may yet exist as to its

nature. The planet is now in a region rich in stars, and
as so faint an object is easily lost among the hundreds

which surround it, its detection is difficult.

The visible surface of Saturn bears a certain resemblance

to that of Jupiter, but the markings are so much fainter

that it is difficult, if not impossible, to locate and identify

them with precision. There have been two notable

exceptions to this rule. Sir William Herschel once saw a

spot which lasted several weeks and enabled him to fi:x

the time of rotation of the planet on its axis at 10 h. 16 m.
The second case occurred in 1876. On 7th December of

that year a bright white spot suddenly appeared in the

equatorial region. It continued more than a month,
gradually extending its dimensions in an east and west

direction, so as to assume the form of a long streak, and
at the same time growing fainter. From observations of

the brighter portion, Professor A. Hall fixed the time of

rotation at 10 h. 14 m. The question whether any
markings ordinarily exist on the planet strong enough to

be certainly located is an open one among the best

observers. Cautious students of the subject will probably

give most weight to the negative side. (See Monthly
Motices B, A. S,, for observations and discussions, by
Williams and Barnard.)

The most noteworthy addition to our knowledge of the

rings of Saturn has been made by Keeler. That these ap-

pendages cannot be rings of continuous matter,

either solid or liquid, has long been well estab-

lished by theory, which showed that the

equilibrium of such an object would necessarily be
unstable. The alternative hypothesis that the rings are a

cloud of minute satellites, or perhaps mere particles, too

small to be individually visible, but so numerous as to

look in our telescope like a continuous mass, was exhaust-

ively investigated by J. Clerk Maxwell in his Adams
prize essay published about 1860 j

but no direct evidence

bearing on the question was obtainable until the spectro-
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scope was brought into requisition. By the aid of this

instrument in its present refined form, the motion of a body
to or from the earth can be made evident by the change
produced by the motion in the wave length of the spectral

rays. The method is equally applicable whether the body
is self-luminous or shines hj the reflected light of the
sun. By photographing the spectium of Saturn and its

rings when the image was thrown upon the narrow slit

of a spectrograph, Keeler found that the lines across the
spectrum were bent and ])roken in such a way as to show
that the inner part of the rings revolved with greater

velocity than the outer part, the motion of each part
being that which would correspond to the motion of a
satellite revolving at the same distance. The extreme
thinness of the rings was demonstrated in a more striking

manner than ever b^efore by Barnard and others in 1892,
during one of those rare times at which the plane of the
ring passes between the earth and the sun. In such a
case the sun shines on one surface of the ring, while only
the opposite surface is turned towards us. Considering it

as a cloud of satellites, each of the latter should in such a
case be fuQy illuminated by the sun, except so far as it

might be in the shadow of those outside of it. The outer

satellites of all would necessarily be fully illuminated and
also be visible to us if we had sufficient telescopic power,

because there would be nothing to hide their light. Now,
it is a singular fact that, in these circumstances, the

ring was completely invisible, even with the 36 -inch
telescope of the Lick Observatory. This shows that the

entire ring must be so thin that its edge is completely

invisible, even in the full light of the sun, at the distance

which separates us from the planet. On the other hand,
the objects composing it must be completely opaque, as is

shown not only by their disappearance in the circum-

stances we have mentioned, but by the darkness of the
shadow which they cast upon the planet when the sun
illuminates them obliquely. The cloud of satellites is so

dense that a ray of light cannot penetrate the mass.

An interesting question still open is the nature of the

so-called divisions of the rings. Are these divisions real or

are they simply apparent, arising from a darker colour in the

matter which composes them ? In the case of the sharpest

and best-known division, to which the name of Cassini

has been given from its first observer, there would seem
to be little doubt that the division is real. But there is

some doubt in the case of the other divisions. It is now
well established that the dusky or crape ring, which is

on the inside of the brighter one, is really in the nature

of an inner border of the bright ring, the one shading

off imperceptibly into the other. While many excellent

observers have sometimes thought they saw a complete

separation between the bright and the crape rings, no such
phenomenon has been seen in the great telescopes of our
times, and it is almost certain that the dark colour of the

crape ring arises merely from its tenuity and transparency.

From Barnard’s observation of the passage of Japetus

through the shadow of Saturn and its rings it appears

that the transparency gradually diminishes from the

centre of this ring to its line of junction with the bright

ring. If there should ever be a transit of Saturn cen-

trally past a bright star, many questions as to the con-

stitution of the rings might be settled by noting tbe times

at which the star was seen through the divisions of the ring.

The great distance of Uranus and Neptune, and the

faintness of their illumination by the sun, have as yet

prevented our reaching any well-defined views

as to their physical constitution. Micrometric aadNep*
measures seem to show that the globe of Uranus tanian

is slightly elliptical, like that of the other outer

planets
;
this would indicate that the planet has a some-
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what rapid rotation. In the case of Neptune, although

no well-marked ellipticity has been observed, it has been

established in a satisfactory though intncate way. The
plane of the orbit of the satellite is found to be in con-

tinuous motion, and the only cause to which this can be

attributed is the ellipticity of the planet itself. The result

of this cause would be that the axis of the orbital plane

would perform a slow revolution around the axis of the

planet. The observed motion is undoubtedly a revolution

of this kind, but up to the present time the arc described

has been so small that neither its radius nor its period can

be determined.

Were the planets suirounded by comparatively dense

atmospheres, especially atmospheres markedly different

from that of the earth, that fact would be most

oftAe^^
easily made known by the spectroscope, since

planets, unknown substances in such an atmosphere

would show absorption lines differing from those

of the solar spectrum. A very dense atmosphere of the

same general character as that of the earth would be
indicated by a strengthening of the telluric lines. We
remark in this connexion that the lines observed in the

solar spectrum are of two classes—those which arise from
the absorption of the gases surrounding the sun and those

produced by our own atmosphere. The latter seem to be
principally due to the aqueous vapour in the air. As the

light which reaches us from a planet necessarily comes
from the sun and passes through our atmosphere, we
must expect to see aU the lines of the solar spectrum in

the spectrum of any planet, and the important question is

whether any new lines or any changes in the strength of

the known ones are also found. Studies with this end in

view have been made by Huggins and Vogel. In the case

of the planets Mercury, Venus,* Mars, and Jupiter, the

evidence of any well-marked modification of the solar

spectrum does not seem conclusive. If, as appears from
what has just been said, the inferior and denser regions

of the atmospheres of these bodies are mostly fiUed with

clouds and vapour, we should not expect to gain much
evidence in this way. In the case of Mars and Jupiter,

Vogel thought he detected an increased absorption in the

red region. The general conclusion from the studies of

these two investigators seems to be that, at least in the

case of the three inner planets, there is no evidence of an
atmosphere differing materially from that of the earth. In
the spectrum of Jupiter, however, a line was found in the

red of wave length 6178 which does not belong either to

the sun’s or the earth’s atmosphere. Vogel remarks that

it may be doubtful whether this line arises from some new
and unknown substance in the atmosphere of Jupiter or

simply from some combination with which we are not

familiar. The case with Uranus and Neptune is different.

The extreme faintness of the light from these planets

renders it difficult to distinguish the Fraunhofer lines in

their spectra, but a number of dark bands were found by
Huggins, Keeler, and Vogel in the easily visible portion

of the spectrum of Uranus. The following is a list of the

bands on which the observers are substantially in agree-

ment :

—

Wave Length,

618. A broad band fading off towards the red.

696. A narrow faint band.
676. Darkest part of a broad band, extending from 578 to 666.
64:3. Middle of the darkest band.
486. A group of fine lines.

Vogel found a few faint bands above 486, and by
photo^aphing the spectrum from F into the ultrarviolet

Huggins was able to distinguish the stronger Fraunhofer
fines. The spectrum of Neptune seems to be of the same
gl^eral character as that of Uranus; but the bands are

difficult to see, owing to the extreme faintness of

the light. The inference to be drawn from these studies
is that these two planets are surrounded by very deep
dense atmospheres, probably materially different in consti-
tution from our own; but until we learn what combinations
of known substances, if any, might be adequate to produce
such bands as those just described, it is impossible to
reach any conclusion as to the nature of those atmospheres.

While the photometry of the fixed stais has, m recent years,
been ’placed on a definite scientific basis, the same can scarcely be
said of that of the bodies of the solar system. This is

^

owing largely to the difficulty, if not the impossibility, Photometry

of establishing general laws as to the pioportion of so/ar

light reflected fiom bodies at various angles of inci-

dence and reflection. We must, theiefoie, confine ouiselves to a
statement of the apparent magnitude ot the pnncipal bodies of the
solar system under mean conditions. A fundamental datum of
the subject is an expression for the quantity of light received fiom
the sun as compaied with that from a fixed star of given mao-ni-
tiide, a result which is best expressed m the form of a stellar
magnitude of the sun. The results of attempts to fix this datum
aie so discoidant that entire confidence cannot be felt in any ot
them. To express it as a stellar magnitude of the sun we le-
mark that, on the photometric scale now adopted, an inciease of
a hundredfold in the quantity of light coiresponds to a drop of
5 units of stellar magnitude m the body emitting the light. In
general, a change of n stellar magnitudes is equivalent to a multi-
plication or division of the amount of light by lO®*"*”, a number
whose common logarithm is 0 The best results for the stellar
magnitude of the sun as thus defined seem to be - 26-6 (Wollaston),
— 25 *8 (Bond), and — 26*6 (Zollner). Giving Zollnei’s result double
weight, we have the stellar magnitude of sun= -26*4.
The two best determinations of the ratio of sunlight to that of

the Ml moon seem to be those of Bond and Zollner, which are
470980 and 619000 respectively. Muller {Photometrie der Gestime)
estimates the best mean result to be 569600.

For the stellar magnitudes of the planets and satellites, we
have room only to state what seem to be the best mean results.

In the case of Mercury and Venus, the variations are so gieat that
definit© results cannot be given;

Mars : at mean opposition ;
=

Jupiter „ „ =
Saturn without rings

Uranus : at mean opposition

Neptune ,, „
Satellites of Mars : Phobos

,, ,, Deimos
Satellites of Jupiter : First

,, „ Second

„ Third
Fourth
Mimas

,, „ Enceladus

„ „ Tethys

„ „ Dione

,, „ Rhea

» » Titan

,1 Hyperion

,, ,, Japetus

—

fiom
to.

Satellites of Uranus : Titania

,, ,, Oberon
Satellite of Neptune .

Satellites of Saturn

Ma?.
“175
-2 23
0-88

5*76

7*84

12*8

13*1

6*0

6*1

5*6

6*6

11*19

11*4

10*5

10*6
9*9

8*5

12*8

10*44

11*80

14*2

14*5

13*3

For details respecting the new comets, especially

periodic ones, which have been discovered since 1880,

reference may be made to the article on
that subject

;
what we are here concerned

with is the general question of the origin and con-

stitution of these bodies. A striking confirmation of

the view that the comets of short period from time to

time become members of our system through the action

of one of the larger planets, nearly always Jupiter, is

afforded by the case of Comet V. of 1889, discovered by

Brooks on 6th July of that year. It was soon found to

be moving in an orbit with a period of about eight years,

and when its motions were traced back it was ascertained

to have passed very near the planet Jupiter in June and

July 1886. Attempts to compute its orbit previous to

this approach were made by Chandler and Poor. The
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former, from a preliminary investigation, reached the

conclusion that the comet was probably identical with
that of Lexell, which had been thrown into some new
and unknown orbit by the action of Jupiter more than

a century ago. Poor’s inquiry, however, which was made
on more complete data, seemed to show that this view is

untenable and that the comet had never before been seen.

As to the origin of comets, the most important develop-

ment has been the establishment of the general fact that

they belong to the solar system, and are not stray

wanderers through space, as was formerly thought possible.

Were the latter the case, they would not partake of the

motion of the solar system through space. Consequently,

as the sun pursued its journey more comets would be
found coming from the direction of its motion than from
the opposite direction. Those which did come from the

former direction would in general move in decidedly

hyperbolic orbits. Now we may regard it as established

that no comet moves in such an orbit. It is true that

some of the computed orbits have a hyperbolic character,

this being shown by the eccentricity coming out slightly

greater than unity; but the excess, even in these ex-

ceptional cases, is always so small that we can only regard

it as the result of accidental errors of observation on such

Ul-defined bodies. The fact being accepted that these

bodies, before their observed entry into our system, were

accompanying the sun on its journey through space, we
are led to the following very probable conclusions :—All

comets are to be regarded as having been in the beginning

outlying nebulous masses, belonging to the same mass of
’

matter as that which formed the sokr system, and moving
with it, but mostly at such great distances from the sun

that their periods of revolution would be measured by
tens or even hundreds of thousands of years. Were it

not for the effect of planetary attraction long periods like

these would be the general rule, though not necessarily

universal. But at every return to perihelion a comet
will be to some extent either accelerated or retarded in

its movements by the action of Jupiter or any other

planet in the neighbourhood of winch it may pass.

Commonly the action will be so slight as to have little

influence on the orbit and the time of revolution. But
should the comet chance to pass the orbit of Jupiter just

in front of the planet, its motion would be retarded and
the orbit would be changed into one of shorter period.

Should it pass behind the planet, its motion would be

accelerated and its period lengthened. In such cases the

orbit might be changed to a hyperbola, and then the

comet would never return. It follows that there is a

tendency towards a gradual but constant diminution in

the total number of comets. If we call A the amount
by which the eccentricity of a cometary orbit is less than

unity, A wiU be an extremely minute fraction in the

case of the original orbits. If we call ± 5e the change

which the eccentricity 1 - A undergoes by the action of

the planets during the passage of the comet through our

system, it will leave that system with the eccentricity

1 —A+ Be, The possibilities are even whether 8e shall

be positive or negative. If negative, the eccentricity will

be diminished and the period shortened. If positive, the

^minuteness of A may result in the eccentricity 1 - A + Se

being greater than unity, and then the comet will become
for ever a wanderer through the stellar spaces.

Another discovery is that of the possibility of groups

of comets moving in nearly the same orbit. It was
formerly thought that only by a very improbable chance

would two of these bodies be found describing the same
orbit at a long interval of time, and, if an instance was
noticed in which such appeared to be the case, it was
supposed that what was observed on the second occasion

was a return of the former comet. In February 1880
a brilliant comet which was suddenly observed in the

southern hemisphere was found to be moving in an orbit

so nearly identical with that of the great comet of 1843
that no doubt of a relationship could be felt. Yet so

slight could have been the deviation from a parabolic

orbit in either case that the hypothesis of identity of

the two bodies did not seem tenable. The question

of possible identity was set at rest by the appearance

of a third comet in the autumn of 1882 again describing

nearly the same orbit. It now seems likely that these

three bodies were parts of one original nebulous mass,

situated far beyond the confines of our system, which
gradually separated from each other in the course of

successive revolutions round the sun.

The question whether the motions of Encke’s comet
are affected by a resisting medium is not yet conclusively

settled. The careful and exhaustive researches of von
Asten and Backlund seem to show that resistance is met
with during some revolutions and not during, others.

This would scarcely be the case with a resisting medium,
as this agency would always be present if it existed at

all. Quite possibly the effect may be due to imperfections

in the computation of the perturbations.

There is perhaps no celestial object on which obser-

vations are so much wanted as on the zodiacal light.

Up to the present time the conclusions which
can be defiLoitely stated are somewhat general

in their nature. The sun is surrounded by an
exceedingly rare cloud of matter of very indefinite outline,

lenticular in form, extending out somewhat beyond the

orbit of the earth. This matter shines only by reflected

sunlight, a conclusion which, probable enough in itself,

is strengthened by the spectroscopic studies of A. W.
Wright, who found the spectrum to be continuous. In
northern latitudes, this object can best be seen in the

evenings of February and March and in the mornings
of September and October. Observations made in the

evening seem to show that the central axis of the apparent
light is one or two degrees north of the plane of the

ecliptic, and this would point to a slight inclination of

the median plane of the whole mass to that of the ecliptic.

But it is impossible to reach any definite conclusion as to

the position of that plane until the apparent axis of the
light among the stars has been carefully delineated night

after night through an entire year by an observer in a

very clear atmosphere within the tropics. It needs only
a glance at the figure of the apparent light in the neigh-

bourhood of the horizon when it can first be seen, about
the close of twilight, to show that its breadth at the

horizon is very considerable, probably 40 degrees. Con-
tinuing the outline around the sun it seems probable that

its visible border is nowhere less than 25 or 30 degrees

from the sun. It follows that an observer stationed at

a high elevation, in a very clear atmosphere, in such a

position that the sun should be about 20 degrees below
his horizon at midnight, should see this portion of the

light as a faint glow in the northern horizon.

The existence of the mysterious counter glow, or Gegen-

scheirvy as it is commonly called, is now frdly established.

It is a patch of light in the ecHptic opposite the sun, so

faint and indistinct in outline that it can be seen only

under the most favourable conditions, including absence

of moonlight and a considerable elevation above the

horizon. It is invisible when projected on the Milky
Way. Barnard has observed it to be larger and more
diffused in the autumn than in the spring. No well-

marked deviation from the ecHptic or from the poinu

directly opposite the sun in longitude has been detected.

The phenomenon has sometimes been supposed to be
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associated with the zodiacal light, which, on rare occasions

and under the most favourable conditions, some observers

have thought could be traced near midnight all the way
across the heavens, forming a complete arch from east to

west. In that case the Gegensckein would be a small

patch in this zodiacal arch, slightly brighter than else-

where. Of the various explanations which have been

propounded no one can be considered as sufficiently

probable to merit acceptance. An ingenious suggestion,

and one which it is equally difficult to prove or disprove, is

that it is composed of nebulous matter thrown off from

the earth, forming a tail to the latter like that of a comet.

The quantity of such matter necessary to produce the

phenomenon would be minute in the last degree. Similar

appendages, if carried by the planets, would be entirely

invisible to us, and that of our earth would be visible only

because we see through it endways and on a dark sky.

Intimately associated with this subject is the question

of the conditions necessary to the permanence of an

atmosphere round a planet. Dr Johnstone
Planetary gtoney has recently investigated these conditions,

s^eres. f basis of his work the kinetic theory

of gases {Trans, Roy, RuhL Soc. vi. p. 305).

On this theory every molecule of a gaseous mass is com-
pletely disconnected from every other and is in rapid

motion, its velocity, which may amount to one or more
thousand feet per second, depending on the temperature

and on the atomic weight of the gas. At any temperature
the velocities of individual molecules may now and then

increase without any well-defined limit. If at the bound-

ary of an atmosphere the velocity should exceed a certain

limit fixed by the mass and force of gravity of the planet,

molecules might fly away through space as independent

bodies. The absence of hydrogen from the atmosphere
of the earth, and of an atmosphere from the moon, may
be thus explained. If the fundamental hypotheses of

Dr Stoney’s investigations are correct and complete, it

would follow that neither the satellites and minor planets

of the solar system nor Mercury can have any atmosphere.

If the separate molecules thus flying away moved accord-

ing to the laws which would govern an ordinary body,
they would, after leaving their respective planets, move
round the sun in independent orbits. The possibility is

thus suggested that the matter producing the zodiacal

light may be an agglomeration of gaseous molecules

moving round the sun; but several questions respecting

the intimate constitution of matter will have to be settled

before any definite conclusions on this point can be reached.

It is not to be assumed that a molecule would move
through the ether without resistance as the minutest
known body does, and there is probably a radical difference

between the minutest particle of meteoric matter and the
molecule of a gas. The relations of identity or difference

between such finely-divided matter as smoke and atmo-
spheric haze and a true gas have yet to be fully estab-

lished, and until this is done a definite and satisfactory

theory of the subject does not seem possible.

11. Gravitational and Theoretical Astronomy.

The fundamental h3q)othesis of modern theoretical

astronomy is that the motion of each heavenly body is

determined entirely by the gravitation of other bodies.

Assuming such to be the case, it will be possible to pre-

dict the celestial motions with entire precision, if certain

fundamental data are given. Such data would be the
inass of each body, and its position, velocity, and direc-

tion of motion at some given instant. The problem
would then be the construction of general formulse by
which the position of each body at any moment whatever
could be expressed in terms of the time. In practice we

do not use as fundamental data positions and velocities,

but the elements of the orbits, including mean distance
eccentricities, position of orbit in space, mean position of
the planet at a given moment, and other quantities which
do not vary with the time. When the differential equa-
tions expressing in a general way the effects of gravitation
are integrated, the elements appear in the solution as
arbitrary constants, to which values may be assigned at
pleasure. The astronomer has then to assign such values
that the observed positions of the bodies, whether planets

or satellites, shall be accurately represented by the
formulae. The mathematical processes by which the
equations are integrated, values assigned to the elements,

and the results compared with observation, are perhaps the
most difficult and most complicated with which the mathe-
matical astronomer has to deal, and only in comparatively
simple cases can he be sure that the minute deviations of

the actual movement of a body from his pre-

dictions do not arise either from errors in his

process or from errors of observation. The the
equations of motion can be integrated only in law of

the form of an infinite series of complex terms of Si*a.vita~

which all below a certain magnitude have to be

dropped, and the difficulty is to be sure that no terms are

omitted which could have a sensible value. Generally,

it is possible to secure the necessary precision, but in

some cases the question whether every possible term
which could affect the result has been included may be
an open one. One of the most interesting problems of

the astronomer at present is whether the motions of the

heavenly bodies, as determined by our most refined

methods of observation, go on in rigorous accordance

with the law of gravitation. This question cannot be

settled by a mere comparison of the predicted motion

with observations. When differences are found, the

question will arise whether they may not be due to errors

either in the fundamental elements or in the theoretical

computations; in ‘several instances supposed deviations

have been found due to the latter cause. One notable

case in history is that of the motion of the moon’s perigee.

This motion was found to be twice as great as was at

first supposed to be due to the hfewtonian theory, but

Clairaut showed that when more rigorous methods were

adopted the observed motion was represented. The

general rule has been that, whenever an observed devia-

tion has been well made out, it has been traced to the

omission of some term of the algebraic formulse express-

ing the motion of a planet. To this rule there are two

notable exceptions :

—

(a) In 1845 Leverrier found that the centennial motion

of the perihelion of Mercury derived from observation

was greater by 35"' than it should be from the Motions
gravitation of the other planets, and his result of the

has been more than confirmed by subsequent planetary

investigations, the most recent discussion of

observations showing the excess of motion to be 43" per

century. In this case there can be no question as to the

correctness of the theoretical result, since the computation

of the secular motion of the perihelion is a comparatively

simple process. It follows that either Mercury must be

acted upon by some unknown body or the theory of

gravitation needs modification. The most natural ex-

j)lanation, and that offered by Leverrier, attributes the

discrepancy to the action of a group of intra-Mcrcurial

planets. For some time, therefore, careful search was

made for these planets. One or more has been thought

from time to time to be detected, but every observation

of the kind has been disproved by critical examination.

The simplest and surest method of discovery is afforded

by the consideration that these bodies, if they exist, must
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from time to time pass between us and tbe sun, and tbere-

fore be visible as minute points on tbe disc of that body.

But notbing of the sort has been brought to light by the

photographs of the sun which have been constantly taken

in recent years, nor by the observers who, during the last

half century, have so assiduously watched the sun for

spots. There is another difficulty in the way of accepting

this explanation. A mass of bodies sufficiently large to

produce the observed motion of the perihelion of Mercury
would affect both the other elements of Mercury’s orbit

and the motions of Venus, but it is shown by the most
refined discussions of the observations that these effects

are not produced. The most recent surmise on the sub-

ject is that the law of gravitation may not act exactly

according to the inverse square. A very simple hypothesis

propounded by Professor Asaph Hall is that in the ex-

pression for the mutual gravitation of two bodies of

masses m and m', which, according to the Newtonian law

is of the form the exponent 2 should be increased by

a very minute fraction. The value of the exponent which
would produce the observed effect is 2.000 000 1612, so

that the discrepancy is removed if we suppose the attrac-

tion to be of the form -
27m m ieii

' The effect of this

modification would be insensible except in the motion of

the pericentres of the heavenly bodies. The only cases

in which it could be made evident by the century and a
half of observations yet made are those of Mercury, the

moon, and Mars. The perihelion of Mars does actually

seem to be affected by the corresponding increase, which
is about 5"*45 per century

;
but this excess, though made

very probable by the observations, is too minute to be
conclusively established. In the case of the moon’s
perigee the increase of motion would be 150" per century,

a quantity too large to escape observation
;
but unfortu-

nately the theoretical determination of this motion has not

yet been made with such precision that it may not be
affected by an error of this amount. The most refined

determination is that recently made by Professor E. 'W'.

Brown, which does show a discrepancy of nearly the

required amount
;
but the difficulties of the determination

are such that a conclusive result has yet to be reached.

We may sum up our conclusions on this point by say-

ing that the discrepancy in the case of the perihelion of

Mercery is well established, and that there is some reason

to believe it a general rule tl^at the motions of the peri-

centres of the moon and planets are somewhat greater

than the gravitation of other bodies is competent to pro-

duce. Furthermore, it may be said that the simplest way
of explaining the excess of motion is to kssume that

gravitation increases at a minutely greater rate than the

inverse square. Many other modifications of the New-
tonian law have been suggested, especially some of a form
analogous to that of electro-magnetic action, but none of

these consistently represent all the phenomena.

(5) The other exception to which we allude occurs in

the apparent mean motion of the moon around the earth,

which has now been observed^with an approach

moon^s to modern precision since the year 1675, and
mean with less than modern precision from 1625 to
motion, 1075. We have also eclipses of the sun and
moon recorded by Ptolemy in the Al^iagest, or observed
by the mediaeval astronomers, by which the mean longi-

tude of the moon may be followed for more than 2500
years. No amount of research has yet reconciled the
results of these observations with gravitational theory.

To make clear the existing state of the question, we re-

mark that the inequalities in the motion of the moon are
of two classes—^those produced by the action of the sun,

737

which are always of comparatively short period, and* those

produced by the action of the planets, which in excep-

tional cases are of long period. If, in a period of twenty,

thirty, or fifty years, the moon is found to be, in the

general average, ahead of her computed place, or behind it,

we may say with certainty that the deviation is not due to

the action of the sun, because all the effects of this action

would be compensated within eighteen years. It has been
known for a century that deviations of this character, which
are called deviations of long period, really exist in the

motion of our satellite. In the middle of the 19th century

Hansen announced that he had discovered two inequalities

produced by the action of Yenus, which completely recon-

ciled these deviations. The theoretical computation of

one of these inequalities has been repeated by several

investigators since Hansen, and his result confirmed
;
but

it has been shown that the other inequality has no exist-

ence in theory, and that it was the result of imperfections

in the method employed by its discoverer. If any doubt
could arise as to this conclusion, it is set at rest by
the discovery that Hansen was in error in supposing

that his two inequalities, singly or combined, would
represent the observed deviations. Since 1870 the

action of the planets on the moon has been exhaustively

treated by several investigators with the special object of

deciding whether their gravitation could produce any in-

equality of long period other than that of Hansen, but
without result. The impossibility of any such inequality

seems to be as well established as any proposition can be
that relates to so complicated a subject. Another possible

cause of apparent inequalities is to be examined, namely,
variations in the earth’s axial rotation. What we actually

observe is not the absolute motion of the moon, but the

relation of this motion to the rotation of the earth on its

axis, on which we necessarily depend for our measure of

time. Let us now suppose this time of rotation to be
increased by a very minute amount. Then the day will

be longer by this amount. The motion of the moon in

one day will then seem to be greater than it was, though

in fact there has been no real change in it. If the rate

of rotation is accelerated the opposite effect is produced,

the day is shorter, the moon does not move so far in a
day, and so seems to be retarded. The discrepancies

in question can be explained by variations always less

than a second in a year, which, however, accumulate year

after year, so that before the end of half a century they

might amount to twenty or thirty seconds of time.

A decision between these two causes can be reached

only by observations on other bodies. In general, the

celestial motions go on so slowly that their
^ .

amount during so brief an interval as twenty
seconds cannot be certainly detected. Only the Mercury,
moon, the planet Mercury, and Jupiter’s satellites

move so rapidly that an accumulated error of this amount
in our measure of time might be brought to light by them.
In the case of Jupiter’s satellites we have to depend on
the time of their eclipses, and the observations of these

phenomena are so far from accurate that no conclusive

result has yet been derived from them. But transits of

Mercury over the sun’s disc have been observed with

greater or less accuracy since 1677. The present state of

the question is presented in the following tables. The
first column gives the mean dates of eclipses or other

observations of the moon, and the second the mean excess

of her observed mean longitude over that computed from
the theory of her motion about these dates. In the third

column this excess is given in time, and shows how far

we must suppose the actual earth to be in advance.of a
uniformly revolving earth in order to account for the

apparent excess.

S. L-9S
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I. Ancient Fclijpses.

Year. Deviation of longitude. Time in adva

/ m.
B.C. 687 + 41*0 -76
B.C. 381 + 12 1 -22
B.O. 189 + 11*6 -21
A.t), 134 + 5*2 - 9

846 + 0*9 - 2
926 + 3*1 - 6

986 + ©4 + 1

II. Modern Observations^

s.

1625 + 15 7 -26
1650 + 1*0 - 2
1675 0*0 0

1700 ' + 37 - 7

1725 + 7*2 -13
1750 + 14*5 -26
1775 + 21*5 -39
1800 + 21*2 -38
1825 + 19 7 -36
1850 + 90 -16

1875 0*0 0

1900 - 6*7 + 12

These numbers show that either the moon was moving
more slowly, or the earth rotating more rapidly, through

the whole 19th century, than during the period 1675

to 1775. To decide which was the case we must have

recourse to transits of Mercury. The following table

shows the excess of the observed times of the ingress and

egress of Mercury in November transits over the sun's disc

from 1677 to 1894. May transits are omitted, because

they were not observed at the earlier dates. The last

column gives the weights of the observations.

1666 I

Seconds.
-47

Weight.

0 1

E + 26 0 1

1697 E -25 0*2

1728 I - 8 *2*5

1736 I - 9 0*6

» E + 1 0*6

1743 1 0 1*5

„ E - 3 4 5

1769 I - 7 2*5

„ E - 1 0*5

1789 I + 10 3 5

» E + 6 25
1802 I . + 4 6 0

1822 I + 11 04
E - 7 2 5

1848 I + 7 6 0

E + 7 . 0*5

1861 I + 12 2 0

» E + 11 4 0

1868 I + 2 0 6

E - 6 4*0

1881 I - 6 6 0

„ B - 2 6 0

1894 I - 6 6 0

= .
E . + 2 6 0

On the theory that the apparent variations in the

motion of the moon really arise from changes in the

earth's rotation, the numbers of this table should, in a
general way, correspond to those in the last column of the

table preceding. Evidently such is not the case, since, if

we take the weighted means of the deviations during
the three periods 1677-1743, 1769-1822, 1861-1894, the
results are :

—

Sec.

Mean date 1737 A + = - 4: 5

j) }> 1795 ,, +.2*4

,, „ 1880 ,, +0 6

We are therefore led to the conclusion that either the
motion of the moon is affected by some other cause than
the gravitation of other bodies, or mathematicians have
imt yet succeeded ia rigorously computing the effect of

^|J^,^gr^yitatioiL

Fundamental Astronomical Constants,

The term constant is used in astronomy in a relative

sense, most of the quantities thus designated being really

subject to variation. The term is applied because the
variations of these quantities are so slow that the quanti-

ties may be regarded as constant for the periods of time
over which computations usually extend. Some of these

constants, especially those which relate to the motions of

the earth and moon, are intimately related to the first

principles of gravitational astronomy. We shall develop
the fundamental principles of the subject, and show how,
by means of them, the values of the constants may be
derived.

We begin by defining the units of those physical

quantities which enter into astronomy. It will be re-

marked that in physics three units are regarded

as fundamental or arbitrary, while all others are

derived from them by definition. These funda-

mental units are those of length, mass, and time. In the

system now most widely adopted for physical investigation

—that known as the C.G.S. system—the centimetre is

taken as the unit of length, the gramme as that of mass,

and the second as that of time. The same fundamental

units of length and time may be introduced in astronomy,

but it will be more convenient to take the metre as the

unit of length. The passage from the metre to the

centimetre, and vice versd^ is too simple to require dis-

cussion. The second may be taken as the unit of time

for our present purpose; but it is more convenient to

take the unit of mass as a derived one. The astronomical

units will then be as follows :

—

The units of time and length are arbitrary, the second

and the metre being chosen unless otherwise expressed.

Unit velocity is that which carries a point over unit

space in unit time.

The unit of mass is that the gravitation of which

acting on an equal mass at distance unity would generate

I

a unit of velocity in a unit of time.

The unit of force is that which would generate a unit

of velocity by acting on unit mass during a unit of time.

To distinguish the preceding unit of mass from that of

physics it is called the grav%taUonal wmt.

The physical unit of length, metre or centimetre, can

be used in astronomy only lo derive the values of certain

astronomical constants, because, in practice, it is too short

to use in expressing celestial distances. But by the use

of logjbrithms we may extend our physical measures over

the celestial spaces without the use of unmanageably

large numbers. Yet, in any case, the relations between

the terrestrial measure and the distance of the earth from

the sun must always remain more or less doubtful.

Hence it is necessary to adhere to the usual astronomical

unit, namely, the mean distance of the sun, in expressing

distances among all the heavenly bodies except the moon.

The relation between the arbitrary physical unit of

mass, the gramme for example, and the gravitational

unit, is a fundamental problem of physics. To
ascertain it we must measure the gravitation

exercised by a known mass at a known distance, constant.

This will give us the attraction of a physical

unit of mass at unit distance, a quantity known as the

Newtonian constant of gravitation. Those older methods

of determining this constant which rest upon the observed

attraction of great masses of matter—mountains, for

example—or upon the increase in the force of gravity

found on descending into mines, are now entirely super-

seded, owing to the uncertainty as to the density and

arrangement of the masses whose action is measured.

Eecent determinations depend entirely upon the attraction

of portable masses, such as spheres or blocks of lead. B
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is impossible within the space of the present article to
describe in detail the methods by which these determina-
tions have been made. There is probably no other
physical experiment involving so many difficulties or
requiring attention to such a multitude of minute details.

Speaking in a general way, three methods have been
applied in recent times. In the first, use is made of the
torsion balance, consisting of a light rod suspended by its

centre and carrying a ball at each end, which is attracted

by leaden masses. This is known as the Cavendish
experiment. The apparatus was desciibed in the article

on Astronomy in our ninth edition. The apparatus for

the application of the second method is a pendulum
suspended very slightly above its centre of gravity. This
method is new, having so far only been employed by
Wilsing of Potsdam. The third method, which is also

new, consists in determining the changes in the weight of

bodies produced by the attraction of the leaden masses.

In the aijplication of this method a change of weight of

the small fraction of a millionth part is not only to be
made evident, but actually measured; yet it has been
successfully carried out by Poynting at the Cavendish
Physical Laboratory, Cambridge. Two determinations

by this method have also been made in Germany, one by
Jolly and the other by ilicharz and Krigar-Menzel.

ptirpose, owing to the horizontal direction of the minute
force measured. The results reached by Mr C. V. Boys,
P.Il,S., at the Clarendon Physical Laboratory, Oxford,
and Dr Carl Braun, S.J., at Mariaschein, Bohemia, are

wonderfully accordant as well as self-consistent. Defining

the gravitational constant as the attraction in C.G.S.
units of one gramme of matter at one centimetre distance,

they are :

—

Boys: G.O. =6*66760 -t-108

Braun =6 ’65786-:-10 8

Notwithstanding the extraordinary delicacy of Poynting’s
irk, the torsion balance seems better adapted to the

As to accuracy. Boys conceives’* that his factor 6 ’6576

cannot be more than 0*001, or at the outside 0*002, in

error, while Braun estimates his probable error at

±0*00168. The agreement of the two resiilts is much
closer than we should expect from these probable errors,

which we may regard as practically equal. The mean

6
-657»3^ 10 *

may therefore be accepted as the last word on the subject.

Prom this may be derived the mean density of the earth

by a process which we shall include in a general deter-

mination of the astronomical constants which pertain to

the mass, figure, and dimensions of the earth.

The latest complete investigation of the dimensions and figure

in question is that of Clarke, to he found in the JEDxcy.

Mass of Brit, ninth edition, article Earth, Figure of. With
j^eoid. his numbers we give, for comparison, those of Bessel,

which are still to a certain extent in use ;

—

Clarke. Bessel. C - B.

Polar axis . 6356515 m. 635607&m. +436
Equatorial axis 6378249 m. 6377397 m, +852
Ellipticity . 1+-293-46 1t-299-15

According to Helmert, the most recent measures of arcs in Europe
and Asia infficate a diminution of Clarke’s ellipticity to Bessel’s

value, but tend to confirm his larger value of the equatorial semi-
axis. The datum which we need for the solution of our problem
is the attraction which the earth would exert on a point at its

•surface if it were a perfect sphere composed of spherical layers of
equal density. In deriving this quantity a theorem in the attraction

of spheroids is introduced by which the force in question is found
to be approximately equal to that of the actual earth at a point

the sine of whose geocentric latitude is For this point we

have

—

Geocentric latitude .
*

. . . =35® 15' 52"

Geographical latitude . . .
=35® 26' 43"

The geometric mean of Clarke’s three axes is 6370997 metres.

His radius at geocentric latitude <p' is

p= 6367368 m. +10868 m. cos 2 <^' + 14 m. cos 4 0'.

For sin 0'= we then have

p= 6370980.
Helmert’s general discussion of the length of the second’s

pendulum gives for its value in terms of the geogiaphical latitude
<f>,

L= 0*990918 m. (1 +0 005310 sin^ 0).
This multiplied by gives for the intensity of gravity

^=9*77997 m. (1 + 0*005310 sin- 0).
This is the earth’s attraction diminished by the veitical component
of the centiifugal force, of which the value is

0*03392 p cos <p' cos 0.

This expiession for the force of giavity gives for the actual
attraction of the earth at the parallel of 35® 26' 43"

9*79743 m. +*02253 m. =9*81996 m.,
which may be taken as the attiaction of the whole mass of the
earth, if concentrated at its centre or reduced to a sphere, upon a
body at distance 6370980 metres. Taking the metre as the unit
of length, we have for the mass of the earth in the astronomical
units already defined 9*81996 x63709802, which gives for the total

mass of the earth in gravitational measure :

Logaritlim of the earth's moss=14 *600522.

If, instead of the metre, we take the centimetre as the unit,

we have
Logarithm of the earth's mass= 20 *600522.

In other words, this is the logarithm of the gravitation of the

earth’s mass at 1 centimetre distance expressed m C.G.S, units.

The correspondmg attraction of 1 gramme of matter being the

number already stated, of which the logarithm is 8*823326, it

follows that the logaiithm of the earth’s mass in grammes is

20*600522 -8*823326=27 *777196.

Clarke’s dimensions give for the logarithm of its volume 27 '034711.
It follows that we have

—

Logarithm of earth's d£5?mi2/= 0*742485,

whence density of earth=5 *5270,

This conclusion as to density supposes the whole mass included
in the geoid. It will be diminished by allowing for the elevation

of the contments, and increased if the ocean be excluded from the
matter taken into account.

Some of the results for the density found by the other methods
are as follows :

—

Method of Weighing^

Poynting D = 5'4934

Jolly ,,5*69

Bicnarz and Menzel . .
.

^
„ 5*505

Method of Pendulum,
Wilsing ..... D=5*679

One of the most important astionomical applications of the
preceding results is the determination of the mean
distance of the moon from the earth. Knowing the Parallax

masses m and m' of the earth and moon, and the mean of the

motion n of the latter in one second, its mean distance moon,

a follows at once from the well-known equation of the

elliptic motion,
3_m+m'__m (l + A^)

fj, being the ratio of the masses. In one second of mean time the

moon moves through an aic whose logarithm is 4*426159 — 10.

We shall presently find f^=l— 81*65, and have jnst given the

value of log. m from the seconds pendulum. We then find from

the above equation
*

log a in metres= 8*585164

whence a=384787 kilometres.

The motion of the moon is so affected hy the action of the sun

that this number does not rigorously represent the actual mean
distance of the moon. Moreover, what is used in astronomical

practice is the horizontal parallax of the moon.
Gravitational theory shows that the constant of this quantity,

which we call ttq, is connected with the above value ofia by the re-

lation

sin = l 000907
a

p being the diameter of the earth. Using Clarke’s equatorial

diameter we find ;

—

Equatorial horizontal parallax of the moon=57' 2*76". This

result is in good agreement with that of diiect observabons.^

It is interesting to remark that, if we regard the dimensions of

the earth as unknown, observations of the seconds pendulum,

combined with measures of the moon’s parallax, would enable ns

to determine them. The form of the equations we have used to

determine the earth’s mass and the moon’s distance^ show that, if

we express the earth’s radius in terms of the moon’e parallax, it

will come out in the form
p=^ sin® ttq,
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h being a numerical constant- It follows from this form that the

xatio ot eiror in ttq would he multiidied three tiroes in the resulting

value of p. As a matter of fact we can determine p with greater

proportional piecision than the parallax, so that the logical com*se

IS to determine ttq from p rather than the reverse-

The fundamental gravitational relations on which the motions

of precession and nutation depend may be stated as

Precession follows :—AVe put P, P'=the portions of the lunisolar

pieoession in a Julian year, due to the action of the

natation, moon and sun respectively, N= the constant of

nutation, ;i4=the ratio of the mass of the moon to that

of the earth, p/—j-—. A, C=the equatorial and polar moments

C - A
of inertia of the eaith, ^=—

0
—

j
a quantity which may be called

the mechanical ellipticity of the earth, and e=the obliquity of the
ecliptic.

The theory of the moon's motion and of its action on the earth

give the following equations :

—

N =[5*40289] fjt/ q cos e

},i>P =[6*975052] p! q cos e

F= [3 *72609] q cos e

In these expressions q and p' are absolute constants to be deter-

mined, while € varies slowly, but is known. The values of N and
of P-l-P' are given by observation. At a conference of the

directors of four national astronomical ephemerides, held at Paris

in 1896, it was decided to adopt

I5-=9*210".

By a discussion undertaken at the request of the same conference

it was found tliat, for the epoch 1900,

P+ P'=50*3722" (2)

Por the same epoch the obliquity is

e=23“ 27' 8-26".

With these numerical values the equations (1) and (2) are four in

number, which suffice to determine p', q^ P, and P' for 1900-

The solution gives the following results ;—

.

Julian Year Solar Year.

Lunar precession for 1 900 34 *3877" 84 *3870"

Solar ,, ,, „ 15*9842" 16*9838"

Lunisolar „ „ „ 50*3719" 60*3708"

2=5^= 0-0082813
u

Mass of moon-i-mass of earth=l-r-81*65.

The obliquity was at a maximum about 7200 B.C., or 9100 years
ago, when its value was 24° 13'. It will reach a minimum about
9600 yeais hence, when its value will probably be between 22° 30'

and 22° 40', but cannot be more exactly stated.

The Solar Parallax,

The problem of the distance of the sun has always been
regarded as the fundamental one of celestial measurement.

The difficulties in the way of solving it are very great,

and up to the present time the best authorities are not

agreed as to the result, the effect of half a century of

research having been merely to reduce the uncertainty

within continually narrower limits. The mutations of

opinion on the subject during the last fifty years have
been remarkable. Up to about the middle of the 19th

century it was supposed that transits of Venus across the

disc of the sun afforded the most trustworthy method of

making the determination in question
; and when Encke

in 1824 published his classic discussion of the transits of

1761 and 1769, it was supposed that we must wait until

the transits of 1874 and 1882 had been observed and
discussed before any further light would be thrown on the

subject. The parallax 8*5776" found by Encke was.

therefore accepted without question for several decades.

Doubt was first thrown on the accuracy of this number by
an announcement from Hansen in 1862 that the observed

parallactic inequality of the moon was irreconcilable with

the accepted value of the solar parallax, and indicated the

much larger value 8*97". This result was soon apparently

confirmed by several other researches founded both on

theory and observation, and so strong did the evidence

appear to be that the value 8*95" was adopted in the

Xautical Almanac for a number of years. The most

remarkable feature of the discussion since 1862 is that

the successive examinations of the subject have led to a

continually diminishing value, so that at the present time

it seems possible that the actual parallax of the sun is.

almost as near to the old value of Encke as to that which
Recent reseaich enables us to compute the obliquity x)f the

ecliptic at past and ‘future epochs with an error not
QbUquity

exceeding 1" per century elapsed. The result is shown
ot ecliptic. ^ fofiowmg table

Year.
iJ.C.

Obliquity.
Year.
A.I>,

Obliquity.

3000 24 ‘ 1

u

16*6 0 23 41

If

42*4

2900 24 0 44*1 100 23 40 57*9

2800 24 0 11*1 200 23 40 13*1

2700 23 59 37*5 300 23 89 28*1

2600 23 59 3*5 400 23 38 42*8

2500 23 58 28-9 500 23 37 57-4

2400 23 57 53*7 600 23 37 11*8

2600 23 57 18*1 700 23 36 26*1

2200 23 66 41*9 800 23 35 40-2

2100 23 66 5*3 900 23 34 54*1

2000 23 55 28-2 1000 23 34 7*9

1900 23 64 50*6 1100 23 33 21*6

1800 23 64 12-5 1200 23 32 35*2

1700 23 53 34-0 1300 23 31 48-7

1600 23 52 55*1 1400
,

23 31 2*1

1500 23 62 15*8 1500 23 30 15*42

1400 23 61 36*0 1600 23 29 28*69

1300 23 60 55*9 • 1700 23 28 41*91

1200 23 50 15*3 1800 23 27 55*10

1100 23 49 34*4 1900 23 27 8*26

1000 23 48 63*X 2000 23 26 21*41

900 23 48 11*4 2100 23 25 34*66

800 23 47 29*4 2200 23 24 47*73

700 23 46 47*1 2300 23 24 0*91

600 23 46 4*4 2400 23 23 14*13

500 23 45 21*6 2500 23 22 27*40

400 23 44 38*2 2600 23 21 40*73

800 23 43 64*7 2700 23 20 54*13
200 23 43 10*9 2800 23 20 7*61

100 23 42 26*8 2900 23 19 21*19

0 28 41 42*4 3000 23 18 34*87

first replaced it.

Five fundamentally different methods of determining*

the distance of the sun have been worked out and applied.

They are as follows :

—

I. From measures of the parallax of either

Venus or Mars the parallax of the sun can be mination,.

immediately derived, because the ratios of dis-

tances in the solar system are known with the last degree

of precision. Transits of Venus and observations of various

^orts on Mars are all to be included in this class.

II. .The second method is in principle extremely simple,

consisting merely in multiplying the observed velocity of

light by the time which it takes light to travel from the

sun to the earth. The difficulty is to determine the time

in question.

ni. The third method is through the determination of

the mass of the earth relative to that of the sun. In

astronomical practice the masses of the planets are

commonly expressed as fractions of the mass of the sun,

the latter being taken as unity. When we know the mass

of the earth in gravitational measure, its product by the

denominator of the fraction just mentioned gives the mass

of the sun in gravitational measure. From this the

distance of the sun can be at once determined by the

fundamental equation of planetary motion.

IV. The fourth method is through the parallactic

inequality in the moon^s motion. This method was.

described in the ninth edition of the Ency, Brit.

V, The fifth method consists in observing the displace-

ment in the direction of the sun, or of one of the nearer*

planets, due to the motion of the earth round the common

centre of gravity of the earth and moon. It requires a.
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precise knowledge of the moon’s mass. The uncertainty
of this mass impairs the accuracy of the method.

I. To begin with the results of the first method. The
transits of Venus observed in 1874 and 1882 might be ex-

pected to hold a leading place in the discussion.

IfVeall.
No

^

purely astronomical enterprise was ever
carried out on so large a scale or at so great an

expenditure of money and labour as was devoted to the
observations of these transits, and for several years before
their occurrence the astronomers of every leading nation
were busy in discussing methods of observation and
working out the multifarious details necessary to their suc-

cessful application. In the preceding century reliance was
placed entirely on the observed moments at which Venus
entered upon or left the limb of the sun, but in 1874 it

was possible to determine the relative positions of Venus
and the sun during the whole course of the transit. Two
methods were devised. One was to use a heliometer to

measure the distance between the limbs of Venus and the
sun during the whole time that the planet was seen

projected on the solar disc, and the other was to take
photographs of the sun during the period of the transit

and subsequently measure the negatives. The Germans
laid the greatest stress on measures with the heliometer

;

the Americans, English, and Erench on the photogiuphic
method. These four nations sent out well-equipped
expeditions to various quarters of the globe, both in

1874 and 1882, to make the required observations
;
but

when the results were discussed they were found to be
extremely unsatisfactory. It had been supposed that,

with the greatly improved telescopes of modern times,

contact observations could be made with much greater

precision than in 1761 and 1769, yet, for some reason
* which it is not easy to explain completely, the modern
observations were but little better than the older ones.

Discrepancies difficult to account for were found among
the estimates of even the best observers. The photographs
led to no more definite result than the observations of

contacts, except perhaps those taken by the Americans,

who had adopted a more complete system than the

Europeans
;
but even these were by no means satisfactory.

Nor did the measures made by the Germans with helio-

meters come out any better. By the American photo-

graphs the distances between the centres of Venus and
the sun, and the angles between the line adjoining the

centres and the meridian, could be separately measured
and a separate result for the parallax derived from eSich.

The results were :

—

Transit o/* 1874

:

Transit of 1882 :

Distances

;

Pos. angles

Distances

;

Pos. angles

par. =8*888"

„ =8*873"

,,
=8*873"

„ =8*772"

The German measures with the heliometer gave ap-

parently concordant results, as follows :

—

Transit of par. = 8 *876".

Transit of I ,,
=8*879".

The combined result from both these methods is 8*857",

while the combination of all the contact observations

made by all the parties gave the much smaller result,

8*794". Had the internal contacts alone been used,

which many astronomers would have considered the proper

course, the result would have been 8*776".

In 1877 Gill organized an expedition to the Island of

Ascension to observe the parallax of Mars with the

Planetary heliometer. By measurements giving the

parai^ position of Mars among the neighbouring stars

taxes, in the morning and evening, the effect of

parallax could be obtained as well as by observing from
two different stations ; in fact the rotation of the earth

carried the observer himself round a parallel of latitude,

so that the comparison of his own observations at different

times would give the same result as if they had been
made at different stations. The result was 8*78". The
failure of the method based on transits of Venus
led to an international effort carried out on the
initiative of Sir David Gill to measure the parallax

by observations on those minor x^lanets which approach
nearest the earth. The scheme of observations was
organized on an extended scale. The three bodies chosen
for observation were : Victoria, 10th June to 26th
August 1889; Iris, 12th October to 10th December 1888;
and Sappho, 18th September to 25th October 1888.
The distances of these bodies at the times of opposition
were somewhat less than unity, though more than twice
as great as that of Mars in 1877. The drawback of

greater distance was, however, in GiU’s opinion, more than
compensated by the accuracy with which the observations
could be made. The instruments used were heliometers,

the construction and use of which had been greatly

improved, largely through the efforts of Gill himself.

The planets in question appeared in the telescope as star-

like objects which ‘could be compared with the stars

with much greater accuracy than a planetary disc like

that of Mars, the apparent form of which was changed
by its varying phase, due to the different directions of the
sun’s illumination. These observations were worked up
and discussed by Gill with great elaboration in the Annals
of the Cape Observatory^ vols. vi. and vii. The results

were for the solar parallax tt :

From Victoi*ia, 7r=8*801"± 0*006".

„ Sappho, 7r= 8 *798" ±0*011".

„ Ins, ^=8*812"±0*009".

The general mean result was 8*802". From the meridian
observations of the same planots made for the purpose
of controlling the elements of motion of the planets

Auwers found 7r = 8*806". All other methods of directly

measuring the parallax fall so far behind this in certainty

that we may regard Gill’s result as the best yet derived
from measurement. But the difficulties of the measures
are such that other methods may be yet better and in any
case are not to be neglected.

II. The velocity of light has been measured with all

the precision necessary for the purpose. The latest

result is 299860 kilometres per second, with a

probable error of perhaps 30 kilometres
;
that is,

about the ten-thousandth part of the quantity

itself. This degree of precision is far beyond any we can
hope to reach in the solar parallax. The other element which
enters into consideration is the time required for light to

pass from the sun to the earth. Here no such precision

can be attained. Both direct and indirect methods are

available. The direct method consists in observing the

times of some momentary or rapidly varying celestial

phenomenon, as it appears when seen from opposite points

of the earth’s orbit, the only phenomena of the sort avail-

able being eclipses of Jupiter’s satellites, especially the first.

Unfortunately these eclipses are not sudden but slowly

chgtnging phenomena, so that they cannot be observed

without an error of at least several seconds, and not in-

frequently important fractions of a minute. As the entire

time required for light to pass over the radius of the

earth’s orbit is only about 500 seconds, this error is fatal

to the method. The indirect method is derived from the

observed constant of aberration or the displacement of the

stars due to the earth’s motion. The minuteness of this

displacement, about 20*50^, makes its precise determina-

tion an ‘extrerdely difficult matter. The most careful

determinations are affected by systematic errors arising

from those diurnal and annual changes of temperature,

the effect of which cannot be wholly eliminated in
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astronomical observation, and the recently - discovered

variation of latitude has introduced a new element of

uncertainty into the determination. In consequence of it,

the values formerly found were systematically too small by
an amount which even now it is difficult to estimate with

precision. Struve’s classic number, universally accepted

during the second half of the 19th century, was
20*4:45". Serious doubt was first cast upon its accuracy

by the observations of Nyren with the same instrument

during the years 1880-82, but on a much larger number
of stars. His result, from his observations alone, was
20*52"

;
and taking into account the other Pulkowa results,

he concluded the most probable value to be 20*492". In

1895 Chandler, from a general discussion of all the

observations, derived the value of 20*50". Since then,

two elaborate series of observations made with the zenith

telescope for the purpose of determining the variation of

latitude and the constant of aberration have been carried

on by Professor Doolittle at the Flower Observatory near

Philadelphia, and Professor Eees and his assistants at the

observatory of Columbia College, New York. Each of

these works is self-consistent and seemingly trustworthy, but

there is a difference between the two which it is difficult

to account for. Eees’s result is 20*47"; Doolittle’s, 20*56".

This last value agrees very closely with a determination

made by Gill at the Cape of Good Hope, and most other

recent determinations give values exceeding 20*50". On
the whole it is probable that the value exceeds 20*50";

and so far as the results of direct observation are con-

cerned may, for the present, be fixed at 20*53" The
corresponding value of the solar parallax is 8*777". In
addition to the doubt thrown on this result by the dis-

crepancy between various determinations of the constant

of aberration, it is sometimes doubted whether the latter

constant necessarily
^
expresses with entire precision the

ratio of the velocity of the earth to the velocity of light.

While the theory that it does seems highly probable, it

cannot be regarded as fully established.

III. The combined mass of the earth and moon admits

of being determined by its effect in changing the position

of the plane of the orbit of Venus. The motion
plane is found with great

exactness from observations of the transits of

Venus. So exact is the latter determination that, were
there no weak point in the subsequent parts of the process,

this method would give far the most certain result for tfie

solar parallax. Its weak point is that the apparent
motion of the node depends partly upon the motion of the
ecliptic, wfiich cannot be determined with equal precision.

Notwithstanding this drawback the elements of admissible
error seem smaller by this method than by any other.

The derivation of the distance of the sun by it is of such
interest from its simplicity that we shall show the computa-
tion.

From the observed motion of the node of Venus, as shown
by the four transits of 1761, 1769, 1874, and 1882, is found

Mass of (earth +moon)

=

Hass of sun

B32600

We have already found in gravitational units of mass, based on
the metre and second as units oflength and time,

Log. earth’s mass=:14-600.''j2

. ,, moon’s „ =12*6895.

The sum of the eorresponditg numbers multiplied hy 332600
gives

Log. sun’s mass=20*12773.

Putting a for the mean distance of the earth from the sun, and
n for its mean motion in one second, we use the fundamental
eg;aation

stin’s mass^ andW the couahiued masses of the earth

and moon, which are, however, too small to affect the result. For
the mean motion of the earth in one second, in circular measure w e
have ’

27r _
’^"31558149 ^

the denominator of the fraction being the number of seconds in the
sidereal year. Then, from the formula

.3 [20*12773]

-15*59814
we find

Log. a in metres = 11*17653
Log. equal rad. 0 6*80470

Sine O’s eq. hor. par.

Sun’s eq. hor. par.

5*62817

8*762^

The writer regards this as at present the most trustworthy of all
the methods of determining the distance of the sun.

IV. The determination of the solar parallax through the
parallactic inequality of the moon’s motion also involves two
elements—one of observation, the other of purely

mathematical theory. The inequality in question of

has its greatest negative value near the time of the

moon’s first quarter, and the greatest positive value near the

third quarter. Meridian observations of the moon have been
heretofore made by observing the transit of its illuminated

limb. ' At first quarter its first limb is illuminated
;
at

third quarter, its second limb. In each case the results of

the observations may be systematically in error, not only

from the uncertain diameter of the moon, but in a still

greater degree from the varying effect of irradiation and
the personal equations of the observers. The theoretical

element is the ratio of the parallactic inequality to the

solar parallax. The determination of this ratio is one of

the most difficult problems in the lunar theory. Using
Hansen’s determination, the values of the solar parallax

derived from three independent series of observations of

the moon are :—8*802" (from Greenwich and Washington
meridian observations); 8*789" (Battermann, from occulta-

tions of stars by the moon)
;
8*767" (Franz, from observa-

tions of a lunar crater). Giving these three results the

respective weights 5, 2, and 1, the result is 8*794". But
the most recent and as yet unfinished researches of E. W.
Brown and G. W. Hill throw doubt on the precision of

Hansen’s theoretical ratio. If the latter is corrected by
the work of these investigators, the value of the solar

parallax derived by this method is reduced to about
8*773".

V. The fifth method is, as we have said, the most un-

certain of all
;

it will therefore suffice to quote

the result, which is

^= 8-818".

The following may be taken as the most probable

values of the solar parallax, as derived independently by
the five methods we have described :

—

^
From measures of parallax .

8*802"

,, velocity of light . . 8*777"

,, mass of the earth . .
8*762"

,, par. iueq. of moon .
8*773"

,, lunar equation . .
8*818"

The question of the possible or probable error of these

results is one on which there is a marked divergence of

opinion among investigators. Probably no general agree-
^

ment could new be reached on a statement more definite

than this
;
the last result may be left out of consideration,

and the value of the solar parallax is probably contained

between the limits 8*77" and 8*80" The value 8*80" was

chosen at the Paris conference of 1896, and is now gene-

rally adopted in astronomical ephemerides. The most

likely distance of the sun maybe stated in round numbers

as 93,000,000 miles. It is possible that observations of

Eros, the remarkable asteroid of which we have already
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Spoken, may settle the question
;
but there is no prospect

of its being soon settled in any other way.

Variation of Latitudes.

The development of an important feature of the rotation

of the earth is due very largely to the investigations of

S. C. Chandler. This is a minute periodic change in the

point at which the axis of rotation intersects the earth’s

surface ;
that is, in the position of the pole of the earth.

The result is a variability of the terrestrial latitudes

generally.

To make clear the nature of the movement in question we must
begin with a statement of some results of theory. Let EQ (see

n represent the section of an oblate spheroid

theory
^
through its shortest axis, PP. We may consider this

spheroid to be that of the earth, the ellipticity being
greatly exaggerated. If it is set in rotation around its axis of
figure PP, It will continue to rotate around that axis for an

indefinite time. But
suppose that instead of

rotating around PP it

rotates around some
other axis, RR, making
a small angle, POR,
with the axis of figure

PP
;
then it has been

known since the time
of Euler that the axis

of rotation RR, if re-

ferred to the spheroid
regarded as fixed, will

gradually rotate round
the axis of figure PP in

a period defined in the
following way ;—^If we
put 0 = the moment
of momentum of the
spheroidaround theaxis

iig. 2, of figure, and A=the
corresponding moment

around an axis passing through the equator EQ, then, calling one
day the period ot rotation of the spheroid, the axis RR will make a

revolution aiound PP in a number of days represented by the frac-

tion 0/C - A. In the case of the earth we have found that the
inverse of this ratio is 0 •0032813. It follows that the period in

question is 305 days. It has for moie than half a century been
recognized as possible that the axis of rotation of the earth might
not coincide with its axis of figure, and, in consequence, that such

a rotation as this might be going on.

The latitude of a point on the earth, as determined by
astronomical observations, is determined with respect to the axis

of rotation RR, and not with reference to PP, because the latter

cannot be fixed by any direct method. Hence, if such a change in

this axis were going on, it was supposed that there would be a

harmonic variation of the latitudes of all points of the earth’s sur-

face in a period of about 305 days. Up to 1890 the most careful

observations and researches failed to afford evidence of a rotation

in this period, though there was strong evidence of a variation of

latitude. Observations for the value of the constant of aberration

made at Pulkowa and Berlin between the years 1880 and 1890

seemed to show that the latitudes of those places did actually

change from tirne to time to the amount of about half a second of

arc. Chandler, 'from an elaborate discussion of these and a great

number of other observations, showed that there was really a

variation of the latitude of the points of observation ; but, instead

of the period being 305 days, it was about 428 days. At first

sight this period seemed to be inconsistent with dynamical theory.

But a defect was soon found in the latter, the correction of which
reconciled the divergence. In deriving a period of 305 days the

earth is regarded as an absolutely rigid body,^ and no account is

taken either of its elasticity or of the mobility of the ocean, A
study of Fig, 2 will show that the centrifugal force round the

axis RR will act on the equatorial protuberance of the rotating

earth so as to make it tend in the direction of the arrows.^ A
slight deformation of the earth will thus result ; and the axis^ of

figure of the distorted spheroid will no longer be PP, but a line

FP’ between PP and RR. As the latter moves round, P'F will

continually follow it through the incessant change of figure pro-

duced by the chansje in the direction of the centrifugal force,

Kow the rate of motion of RR is determined by the actual figure

at the moment. It is therefore less than the motion in an

absolutely rigid spheroid in the proportion RP': RP. It is found

that, even though the earth were no ^ore elastic than steel, its

yielding combined with the mobility of the ocean would make this
latio about 2 : 3, resulting in an indrease of the period by one-half,

^making it about 457 days. Thus this small flexibility is even
greater than that necessary to the reconciliation of observation

with theory, and the earth is shown to be more rigid than steel

—

a conclusion long since announced by Kelvin, for other reasons.

Chandler afteiwards made an important addition to the subject

by showing that the motion was represented by the superposition

of two harmonic terms, the first having a period of

about 430 days, the other of one year. In order to
^

state his conclusion we have to expiess the position of
*

the pole of rotation on the earth’s surface relative to the mean
pole. Let us repiesent the fixed position of the latter by O, while
P represents the position of the movable pole. We then have to
express the position of P relative to 0 in terms of the time. Let
us imagine two co-ordinate axes going out from 0>—the one towards
G-reenwich, the other in 90° E. longitude. We represent the
co-ordindte in the direction of Greenwich by that in the direc-

tion 90° E. by flj. Then P revolves round 0 in a diiection from
west towards east in a curve such that the co-ordinates of P may
be expressed in the form ;

—

flj=rsin 0^-^-Oll"sm (0 -i-60°)

y=:reos 0^ + 0 11" cos 0
0 being the sun’s mean longitude, and r and B quantities which
Chandler believes to be slowly variable. He represents the varia-

tions in terms of an angle x having a period of 24,000 days, or

a daily motion of *0*015°, of which the value was 0° at the date

31st March 1865. At this date the pole P passed uhe meridian of

Gieenwich^ If only the first terms of » and y are included, the
other dates T of passage—that is, the dates when 6t is a multiple
of 360°—are by the equation

T= 1865 -25 -f 428 E 55*1 sin X,

E being an entire number, expressive of the number of periods

from 1865*26.

He also finds

r=0*186" -f 0*05" sin X
Period= 428 *6**+ 5 ‘26** cos x

^"Period*

The angle % is a purely empirical quantity, introduced to represent
past observations. There can be no certainty that it will lepre-

sent future ones.

If the supposed variation of r and P or ^ are unreal, the motion
of the angle 6t is 0 *843° per day, the period about fourteen months,
and 0*148". The expressions for x and y then become

a?= 0 *148" sin 0 *843° ^ -h 0 *1 1" sin
(© -^ 30°)

2/=(>*148"cos 0*843° ^+ 0*11" cos 0,
the time t being counted in days from the day 2412646 of the
Julian period or Ist July 1893. The difference of 30° between the

sine and cosine arguments of the annual term shows that this term
represents an elongated ellipse.

The variation of the latitude of any place of which the longitude

east of Greenwich is \ is given by the formula

0 - sin \ cos X

0 being the instantaneous, and <^o
mean latitude.

While there can be no doubt as to the reality of the

fourteen-month term, there is not as yet a general* agree-

ment as to the amount and nature of the annual

term. It is difficult to determine the latter

with certainty, because the effect of the diurnal c/osioas.

variations of the temperature of the instrument

and the atmosphere, which cannot be accurately ascertained

and allowed for, might lead to minute apparent terms

having a period of a year. The reason of this is, that the

observations have to be made upon stars while they are

crossing the meridian; in the case of any one star, the

transit occurs at all hours of the day in succession in the

course of twelve months. For example, a star which at

midsummer would be observed at six in the morning

would, at midwinter, be observed at six- in the evening,

when the conditions might be materially different. The
present state of the question, so far as theory is concerned,

may be summed up as follows :

—

(1) The fourteen-month term is an immediate result of

the fact that the axes of rotation and jSgure of the earth

do not strictly coincide, hut make with each other a

small angle of which the mean value is about 0*15". If
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the earth remained invariable, without any motion of

matter on its surface, the result of this non-coincidence

would be the revolution of the one pole round the other

in a circle of radius 0*15" in a period of about 429 days.

This revolution is called the Eulerian motion, after the

mathematician who discovered it. But owing to meteoro-

logical causes the motion in question is subject to annual

changes. These changes arise from two causes—the one

statical, the other dynamical.

(2) The statical causes are deposits of snow or ice slowly

changing the position of the pole of figure of the earth.

For example, a deposit of snow in Siberia would bring the

equator of figure of the earth a little nearer to Siberia

and throw the pole a little way from it, while a deposit

on the American continent would have the opposite effect.

Owing to the approximate symmetry of the American and
Asiatic continents it does not seem likely that the in-

equality of snowfall would produce an appreciable effect.

(3) The dynamical causes are atmospheric and oceanic

currents. Were these currents invariable their only effect

would be that the Eulerian motion would not take place

exactly round the mean pole of figure, but round a point

slightly separated from it. But, as a matter of fact, they

are subject to an annual variation. Hence thetmotion of

the pole of rotation is also subject to a similar variation.

The annual term in the latitude may be readily accounted

for in this way. But it seems unlikely that a motion
thus produced should have a sensible eccentricity. It

therefore appears at present more likely that the seeming

eccentricity of the annual motion is unreal and due to the

cause already mentioned.

(4) Six Eulerian periods are very nearly seven years.

In consequence, the effect of the annual change is to pro-

duce an inequality in the amplitude having a period of

s^ven years. During one part of this period the distance

of the two poles is nearly double, being increased to 0-25"

or 0*30", At another part of the period, three and a half

years later, the motion almost ceases. Times of greatest

motion were in 1890-92, and again in 1897-99 ; of least

motion about 1894, 1901, 1908, <fec.

Besides Chandler, Albrecht of Berlin has investigated the motion
of the pole P. The methods of the two astronomers are in some
points different. Chandler has constructed empirical formulae re-

presenting the motion, with the results already given, while
Albrecht has determined the motion of the pole from observa-

tion simply, without trying to represent it either by a formula or

by theory. It is noteworthy that the difference between Albrecht’s
numerical results and Chandler’s formulse is generally less than
0-05".

Masses, <hc., of the Flounets and Satellites.

The elements, masses, and other particulars, relating to

the major planets and their satellites, so far as these

were known in 1875, are given in the Ency. Brit., ninth
edition, vol. ii. pp. 782-83, and the adopted elements of

most of these bodies have been so slightly changed that a
repetition of them is not deemed necessary. What we
shall now present is a r%sum^ of the masses, diameters, and
other more important constants which have been worked
out to the present time, necessarily limiting our review to
what may be considered the best-established results. For
ordinary astronomical purposes the masses are not ex-

pressed in terms of the gravitational units already defined,

but as fractions of the sun^s mass taken as unity. This

fraction is commonly written in the form i, being the

number of times that the sun’s mass exceeds that of the
planet. The masses of the satellites are expressed in the
same form in terms of the mass of the primary.
The minuteness of the planet Mercury and the absence

of a satdiite make tho determination of its mass dif^cult

and uncertain. In the new planetary tables issued from
the office of the ATnericam Nautical Almanac, and now
most used, fx is taken as 6000000. Other values
of the mass are generally less than this, /x rang-

ing up to 10000000 or more. G. W. HiU, from a con-
sideration of the probable density, finds values rano-ing

from 10194200 to 10826200. The uncertainty of^the
diameter renders this result uncertain

;
an increase of one-

tenth in Hill’s adopted diameter, 6*68" would increase
the resulting volume by one-third and the mass by nearly
one-half. The value 7500000 seems as likely as any.
The best values of the diameter are those found during
transits over the sun’s disc. Todd, with double-image
micrometer, found the value 6*604" (A=.l), and Barnard
with filar micrometer, 6*126". Both results are liable to

be too small from the effects of irradiation. Off the sun’s

disc, results of measures with the filar micrometer are

Lowell at Flagstaff 7*4", and Barnard at Mount Hamilton
6*14".

The mass of the planet Venus derived from all the
observations of the sun and Mercury, and adopted in the

new planetary tables, is ft— 408000. It is not
likely to be in error by 1 per cent, of its

amount. For the angular diameter at distance unity

Auwers, from heliometer measures during the transits of

1874 and 1882, found the value 16*820" * Newcomb, from
double-image micrometer measures during the transit of

1882, that of 16*88"; Barnard, off the sun from measures

near inferior conjunction, 17*397"; and German observers,

with the heliometer, 17*30". This difference between the

results of measures on and off the sun might be attributed

to irradiation; but it is singular that a comparison of

numerous measures made at widely different distances

from the earth seems to indicate the anomaly of negative

irradiation, the diameters measured at the greater distances

being proportionately too small instead of too large.

The mass of the moon has been already derived as one

of the fundamental constants. The most exact value of

the diameter is that derived from the occulta-

tions of groups of stars, especially when the

moon is totally eclipsed. From occultations of the Pleiades

J. Peters found, for the mean semi-diameter 15' 32*49";

Struve, from occultations during total eclipses, 15' 32*65";

whUe the most likely value, as concluded by Peters, is

15' 32*59". As the apparent diameter varies vdth the

distance, and can be computed only when the moon’s

parallax is knovm, it is common to express the moon’s

diameter in terms of that of the earth as unity. From
the value of the parallax already found, it follows that

Diameter of moon
Eq. diam. of earth

= 0*272480.

4

For particulars as to the motion of the moon, see article

Moon.
The motions of the orbital planes and of the peri-

centres of the satellited of Mars offer interesting problems

to both the observing and the mathematical

astronomer. These problems have been most
successfully attacked by Hermann Struve in a

memoir presented to the St Petersburg Academy in 1898.

The preliminary results of theory may first be set forth :

—

Let M (Eig. 3) be the pole of rotation of Mars, 0 the pole of the

orbit of that planet, and S the pole of the orbit of one of its

satellites, all projected on the celestial sphere. The arc OM of the

sphere will then be equal to that between the equator of Mars and

the plane of its orbit ;
SO will be equal to the inclination of the

orbit of the satellite to that of the planet, and SM to the inclina-

tion of the same orbit to the equator of Mars. In consequence of

the action of the sim, the pole S moves constantly in a dhection at

right angles to OS, as shown by arrow a ;
while the ellipticiiy of

Mars gives it a much more rapid motion in a direction at ri^ht

angles to MS, as shown by the other arrow 6. The actual motion



ASTRO
ia, the resultant of these two components, and is such as to carry

S round in a circle, of which the centre is at a third point F.
This centre is the pole of a certain plane called the “fixed plane

”

of the satellite orbit, which makes but a small angle with the plane
of the planet's equator. The position of the plane of Mars's equator
relative to the plane of the orbit has been found in two ways

—

Fig. 3.

from measures on the polar spot, giving the position of the pole of
lotation, and from observations of the satellites. The best result

of this first method is derived by combining the results of
Schiaparelli and Lohse. H. Struve has applied the second. The
results are, for the inclination of the equator of Mars to that of
the earth,

Jo=36'42° (Schiaparelli and Lohse)

Jo=37'’ 27-l'~0*239' (^-1880) (Struve)

;

and for the longitude of ascending node of equator on that of the
caith,

No= 48*26* (Schiaparelli and Lohse)

No=47° 5*r + 0*463' (^-1880) (Struve).

Struve also finds, from the motions of the pericentres of the
satellites, ellipticity of Mars= 1/190*4

;
but owing to a doubt as to

the revolutions of the pericentre of Phobos, this possibly should be
1/178.

In representing the elements of the orbits of the satellites, the
following notation is used :

—

Ji, Ni, inclination and node of the “fixed plane" of the
satellite’s orbit, referred to the earth’s equator for the epoch
1880

;
J, ISr, the same for the orbit of the satellite

; Lo, the mean
longitude at the epoch 1894 October, 0*0 Greenwich mean time

;

91, the tropical mean daily motion ;
a, the angular semi-major axis

of the orbit, as seen fiom distance unity ; tt, the longitude of the
pericentre on the equator of Mars ; e, the eccentricity

;
K, an

angle varying uniformly with the time, whose rate of motion is

equal to that of the pericentre, and of the node of the satellite's

orbit on the fixed plane ; and t, the time in years from 1894*80.

The numerical values of the elements as found by Struve
are :

—

Deiraos. Phobos.

K . . . 29*9* -6 *375* « . 358*7* -168* ‘OU

J^. . . . 36*46*6'
. . 37* 26*7'

. . . 46* 2*6'
. .

47*5*0'

(N - 1^”!) sin J .
1® 37*6' sin K . 0® 53 *1' sin K

J-Ji . . . 1® 37*6' cos K . 0*53*1' cos K
Lo . . . 186*25®. . . 296*13®

» . . . . 285*16198® . . 1128*84396°

a . . . . 32*373''
. . 12*938*

TT. . 231® + 6’375*i . 272*6®-hl68**0^

e . . . . 0*0031 . . 0*0217

From the values of a follows :

—

Mass of Mars_ 1

Mass of sun ”3090000*

Professor Hall’s figure, now generally used in astronomy, is

1/3093500.

Schur has measured the diameters of Mars with the heliometer,

Barnard with the filar micrometer. The results for the equatorial

and polar diameters, as seen from distance unity, are :

—

Bqnat. Polar.

Schnr . ... 9*526" 9*325"

Barnard 9*673" 9*581"

Each value of the ellipticity is markedly greater than that found
by Struve from the motion of the pericentre of Phohos.

The minor planets individually are too minute to exert

a sensible action on tbe other planets
;
but the question

Mass of whether the mass of the entire group, which

the minor may number thousands, can be sufficient to pro-

pianeis, duce an appreciable secular variation of the node

and perihelion of Mars is an important one. A rude

estimate of the total mass of the group may be made
in the following way ;—^From the stellar magnitude of each

known minor planet we may roughly infer its diameter.
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and hence its probable mass. The statistical law of pro-

gressive diminution of the magnitudes or volumes, as

derived from the known members of the group, may be
extended to the undiscovered members. That a law of

progressive diminution extends to the unknown members
may be inferred from the fact that, if there were a very

great number above a certain limit of magnitude, the

whole mass would be visible as a band of light spanning
the heavens. The writer has found that by no probable

hypothesis as to the number and size of these bodies, con-

sistent with the absence of this band, can the total mass
be sufficient to exert any appreciable action on any other

planet.

The mass and diameter of Jupiter can be determined in

two ways—^by measures of the satellites and by the action

of Jupiter on other bodies. The satellites are

not well adapted to give an accurate value of the

mass, as any proportional error in their mean distances

from the planet is multiplied threefold in the result. The
following are the results for the reciprocal of the mass
reached by different methods, with the weight that may
be assigned to each :

—

Observations of the satellites . . /tt= 1047*82 Wt. 1

Action on Fayes’s comet (Moller) . yn= 1047*79 ,, 1

,, Themis (Krueger) . . ^
0,= 1047*54 ,, 5

„ Saturn (Hill) . . . ^^=1047*36 „ 7

,, Winnecke’s comet (Haerdtl) At=1047‘17 „ 10

,, Polyhymnia (Newcomb) . ai.= 1047*34 ,, 20

The mean result,

Mass of Jupiter 1

Mass ol sun ”1047*35+ *05

is that now adopted in the planetary tables. In 1901 De
Sitter published an important ad^tional result derived

from heliometer observations by Gill and Finlay at the

Cape Observatory. This was

—

1047*226 ±0*067.

No definitive changes have been made in the adopted

elements of the satellites of Jupiter in recent times.

The measures of the diameter of Jupiter are very

numerous, and the differences between the results must be
regarded as due to personal equation and peculiarities of

instrument rather than to accidental errors. The latest

results by the two methods are :

—

Equat. Polar.

Schur, from observations with the helio-

meter ..... . 37*40" 35*13"

Barnard, from observations with the filar

micrometer ...... 38*52" 36*11"

This difference between the results of the two methods

appears to be common to all observers, the method of

double images always giving a smaller diameter than the

micrometer. It may be attributed to a certain softness of

outline of Jupiter’s disc, which is easily remarked hy a

careful observer.

The ball, rings, and satellites of Saturn show mechanical

features of great interest, not found elsewhere in our

system. One of the simplest of these is that the satnm
planes of Saturn’s equator, of its rings, and of at

least its seven inner satellites, have a common secular

motion due to the action of the sun. If the latter acted

on each of these bodies separately, the secular motions of

the planes would be greater the farther the satellite is from

the planet, and the motion of the nodes would take place

around the plane of the orbit of the planet, the planes

of the orbits preserving a nearly constant inclination of

almost 27®. The ultimate result of the unequal motion

would be that the nodes would be scattered aU round the

circle, and the planes of the several orbits of the satellites

might have mutual inclinations to each other amounting

to 53®. But the mutual interaction of the equatorial pro-

tuberance of the planet, the rings, and the satellites keeps

S. 1— 94
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the motion of the whole system nearly in the same plane,

as if it were a rigid body. Especially is this the case with

the ring, in the form of which not the slightest deviation

from a plane can be detected, whereas, if each of its

particles moved independently, the whole would form a

mass so broad as to quite conceal the planet from our

view.

The most remarkable features of this system are the

cases of libration among the motions of the satellites, most

of which are quite unique in form. We note for com-

parison the well-known relation among three of the

satellites of Jupiter ; if L, L', and L" are the respective

mean longitudes of the first, second, and third of these

bodies, we find that they always move so as to satisfy

the equation

—

L-3L' + 2L"=180^

Let us, for brevity, call W the combination L - 3L' + 2L".

It was shown by Laplace that, if W differed slightly from

180®, there would be small residual forces arising from the

mutual action of the three bodies, tending always to bring

it towards 180°. That is, if W were less than 180°, the

force would tend to increase it
;

if greater, to diminish it,

and thus W might swing back and forth on each side of 180°

as a pendulum swings on each ’side of the vertical. This

swing would be a libration. As a matter of fact, the swing

is too slight to be observed ; W stays at 180° as a pen-

dulum might constantly hang in the vertical position.

The similar librations in the Saturnian system have the

remarkable feature that not only the mean longitude, but

also the longitudes of the pericentres come into ten

equations. The first case of this sort noticed was between

the sixth and seventh satellites, Titan and Hyperion—^the

latter being the outer one of the two, and the faintest of

the eight Imown satellites. Its orbit has long been known
to be the most eccentric of the system, the eccentricity

being 0*10. Professor Hall, by comparing his own
observations with those of his predecessors, showed that the

pericentre of the orbit performs a complete revolution in

about eighteen years in a retrograde direction, this being

the reverse of the secular motion due to the action of a

disturbing body. It was found that this seeming anomaly
arises from a peculiar action of Titan, having its origin in

a near approach to commensurability between the mean
motions of the two bodies, three times that of Titan being

nearly equal to four times that of Hyperion. The motions

are so adjusted that if we put L, L' = the mean longitude

of Titan and Hyperion, tt' the longitude of the pericentre

of Hyperion, and V— 4L' - 3L - tt', then the angle V will

never differ much from 180°, but wjR continually oscillate

on each side of this value, as just explained in the case

of the angleW for Jupiter. The annual retrograde motion
of TT is, from the observations of Hermann Struve, 18*663°,

so that the period of its revolution is 19*3 years. The
eccentricity of Titan has the effect of making aU the

elements of Hyperion go through a change in nearly this

period, which is determined by the angular distance of

the pericentres of the two satellites. The expression for

the inequalities thus arising in the eccentricity and peri-

centre of Hyperion are

—

A7r'= 14‘0°sin(7r-7r')

A e' = 0*0230 cos (tt — tt').

The motion in question has also been theoretically

investigated by G, W. HiH and Ormond Stone. They
have established it to determine the mass of Titan, which
is shown to be about 1/4300 that of Saturn itself. This
is remarkable, because it seems certain that the angular
diameter of the satellite is much less than one second,

while that of Saturn when nearest the earth is about
seconds. The satellite would therefore seem to be

less than 1/10000 the size of Saturn, so that the mass
found by HiU and Stone shows its density to be at least

twice that of the planet. The masses of the other satellites

have been found by Struve to be very minute, varying
from 1/250000, in the case of Ehea, to 1/13610000 in
that of Mimas.
The determinations of the mass of Saturn have been

singularly discordant. They are made by measures of the
major axes of the orbits of the satellites and by the action

of Saturn on Jupiter. From measures with the heliometei
on the brightest satellite, Titan, Bessel found = 3501*6.

A subsequent correction increases the number by one or

two units. Leverrier, from the action of Jupiter, found
3529*6 (Annales de V Ohservatoire de Paris, xii. p. 9).

Asaph Hall, from measures of Japetus with the 26-inch
Washington telescope, 34:S1’S ± 0’54: (Washington Obser-

vationsfor 1882, app., p. 70). The small probable error

of this last value, the great power of the instrument, and
the considerable mean distance of the satellite, more than
500", would seem to inspire confidence in it. It was
strengthened by the use of two quite distinct methods of

observing—one with the micrometer, the other by transits

giving differences of R. A. between the planet and the

satellite. But Hill, from the action on Jupiter, found a
result in substantial agreement with Bessel’s. To decide

the question Asaph Hall, jun., observed Titan with the

heliometer of the Yale Observatory, and obtained a result

confirming Bessels. Yet H. Struve, from measures of

Japetus and Titan with the Pulkowa 14-inch equatorial,

found 3498; and from Titan and the nearer satellites,

with the great 30-inch instrument, 3495*3. In Hill’s tables

of Jupiter, and the other tables of the American Ephemeris,

.

the value 3501*6 is adopted. Still, the preponderance of

evidence at the present time seems to favour a number
rather below than above 3500.

For the angular diameters of Uranus and Neptune
Barnard found, with the filar micrometer :

—

Uranus, 4*040" at dist. 19*183

Neptune, 2*433" „ 30*0551.

Uranusmd
Neptune.

The masses adopted in the new tables are :

—

Uranus, 22869
Neptune, /x= 19314.

III. The Fixed Stars.

Our knowledge of the fixed stars has in recent years

been widened to an extent which would not have been

deemed possible two generations ago. The revelations of

the spectroscope have given rise.to a branch of astronomy

so wide in its scope that it is sometimes regarded as a new
science, that of astrophysics—^a term now applied to the

results of studies on the physical constitution of the

heavenly bodies generally, whether the planets or the

stars. It is impossible to draw a sharp line between the

results of this branch of study and those of the older

methods of investigation, sometimes called astrometry,

which includes all forms of celestial measurement, whether

of distance, motions, or magnitudes; as astrophysics

progresses, it necessarily enters this field. Its most

remarkable discoveries have resulted from the measure-

ments of motions in the line of sight, the results of which

belong strictly to astrometry. Our summary of the

advances in stellar astronomy may be introduced by a

brief general view of activity in the field at large.

One prominent feature of recent progress has been the

study of the southern heavens. A natural result of the

great preponderance of observatories and means
of recent research in the northern hemisphere pl^gfcss.

was that, before the present generation, our

knowledge of the southern heavens lagged far behind that
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of the northern ones. When we recall the expedition of

Sir John Herschel to the Cape of Good Hope in 1832-34,

and the rather limited work of the observatories at the

Cape, Melbourne, Paramatta, (fee., before 1870, we shall

have included the most important researches in this pait

of the sky. The first step towards a marked extension of

our knowledge in this field dates from the foundation of

the National Argentine Observatory at Cordoba by Dr
Gould in 1871. This observatory has, since its founda-

tion, been devoted to the work of cataloguing and mapping
the southern heavens with instruments of precision. The
results of this work are found in the splendid volumes,

now eighteen in number, published by the observatory.

A few years later. Sir David Gill, F.KS., on his appoint-

ment as astronomer of the Cape Observatory, so enlarged

the means of that establishment and gave such an impetus

to its work that it is now one of the leading observatories

of the world. In the field of astronomy his work has

differed from that of the Cordoba Observatory in being

directed very largely towards the most precise measure-

ments of a limited number of stars, Cordoba having

devoted most attention to cataloguing all the stais

which could be advantageously reached with the instru-

ments. GiU’s most remarkable work has been done with

the heliometer, an instrument which he has done much to

bring to its present state of perfection. Determinations

of stellar parallax have been pursued by him with such

success that we have now, so far at least as the brightest

stars are concerned, a better knowledge of this subject for

the southern heavens than for the northern. Yet more
recently the foundation of the Arequipa Observatory, a

branch of the Harvard Observatory, has marked an epoch

in stellar photometry, to which branch it has been very

largely devoted. Through its work, our knowledge of the

magnitudes of the stars of the southern heavens now
surpasses that of the northern heavens as it was in 1880.

Another prominent feature of the advance we are making
has been the application of photography to astronomical

investigation. From the time, about 1840, that Dr
Draper took a daguerreotype of the moon, up to the year

1882, the photographic art played only a minor part in

astronomical work. Perhaps Butherfurd’s work, that of

Gould at Cordoba in photographing clusters of stars, the

practice of photographing the sun at Greenwich in order

to have a record of the changes of its surface, and the

application of the art to the transits of Venus in 1874 and

1882, were the most important astronomical applications

of photography during this interval. In 1882 Gill, in

having the great comet of that year photographed with a

portrait lens, found that aU the stars in the field of view,

down to the 9th or 10th magnitude, were imprinted upon
the negatives. Following up the idea thus suggested, he

undertook the enterprise of forming by photography a

catalogue of all the stars down to the 10th magnitude

between the south pole and 23° of south declination. This

work has been brought to a completion with the aid of

Professor Khpteyn of Groningen, who, with a disinterested-

ness to which it would be difficult to find a parallel in

any other field than that of science, has devoted years of

patient toil to the measurements of the positions of the

stars on Gill’s plates. As a result of this work, and that

of Thome, Gould’s successor at Cordoba, it may fairly

be said that the stars are now even more completely

catalogued for the southern heavens than for the northern.

Gill’s demonstration, and the use in photography of

more sensitive chemicals than had formerly been known,

led to the idea on the part of the Paris astronomers of

photographing the entire heavens by an international

association of observatories. A conference to decide upon

the methods of doing this was invited by Admiral

747

Mouchez, director of the Paris Observatory, in Apiil 1887.

Here was formulated the plan for the international Cai te

Photographique dw del, which was undertaken by some
eighteen observatories in both hemispheres. The woik is

all being done with similar instruments on a uniform plan.

The charts in question form two series—one including

only the stars down to about the 11th magnitude, the

positions of which were to be determined by measurement,

so as to form a catalogue, and the other all the stars

which could be photographed with the longest available

exposuie. This work is not yet finished. Some portions

of it were undertaken by observatories which appear not

to have had the means for its successful prosecution,

but other portions have been brought nearly or quite to

a completion.

The application of the photographic method has been a

pieminent feature in the remarkable work of the Harvard
Observatory. On assuming the direction of that estab-

lishment m 1876 Professor Pickering decided to make
astrophysics its speciality. The mumficence of those

interested in his work has enabled him to command a

wealth of appliances almost without example, and to

devote to their use one of the largest and best-tiained

corps of assistants ever engaged in astronomical observa-

tion. Before the Paris Conference he had planned a woik
somewhat similar to that undertaken by the conference

and begun to put it in execution. His object was,

however, in one point at least, essentially different from
that of the international enterprise, for his main idea was
to photograph the sky from time to time with a view of

detecting at the earliest possible moment any change that

might take place among the stais. A striking result of

this system has already been mentioned—^the discovery of

the new planet Eros on a great number of plates taken

before the existence of the body was known. Another

result has been the discovery of several so-called new stars

which have suddenly blazed forth, although, up to the

present time, none have become objects that would strike

the ordinary spectator. Another speciality of this

observatory has been the study of stellar spectra by
photography. In this connexion, the aid afforded by the

Draper Memorial Fund is worthy of mention. The wealth

of material thus accumulated is so vast that its complete

publication is scarcely possible. Yet every spectrum

photographed is subjected to careful scrutiny, and any

remarkable peculiarity that may be exhibited is published

and discussed. Photometry has been one of the main
branches of Piofessor Pickeiing’s work, and the volumes

already published contain estimates of the magnitudes of

stars measured iffiotometiically, now including the entire

heavens in the scope of their contents.

Two other importar^t photometric works have appeared

which are especially noteworthy, because made with

instruments radically different from each other and from

that of Pickering. The photometric work of the late

Professor Charles Piitchard, F.B,S., at Oxford, was

carried out by the use of the extinction wedge, of which

a description will be found in the article Photometry,
Stellar. The same subject has been a leading feature of

the work at the Astrophysical Observatory at Potsdam.

The founding of this institution by the German Govern-

ment soon after the close of the Franco-German war

marked an epoch in the development of astrophysics, both

because of being contemporaneous with the beginning and

early growth of that science and because of the wisdom
which has marked its administration. In stellar photo-

metry the special feature of its work has been a very care-

ful determination, by two observers, of a list of stars

more limited than that investigated at the Harvard

Observatory. The field to be covered includes the
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hemispliere between, the equator and the northern

celestial pole. It is divided into zones of 20*’ in breadth.

The zones from the equator to 40*' of declination have

already been published.

The most remarkable work now done with the spectro-

scope is the determination of the motions of stars in the

line of sight. The earliest attempts at such measures were

those made by Sir William (then Mr) Huggins
;
and after

the practicability of making such determinations was de-

monstrated by him, the work was taken up at the Royal

Observatory at Greenwich. In these early researches only

optical methods were used which were not susceptible of the

highest precision. The introduction of more sensitive chemi-

cals into photographic practice led to the great improvement

of photographing the spectra of stars instead of observing

them visually. A twofold advantage is thus gained:

fainter spectra can be photographed than can be measured

with the eye, and the errors to which the eye observations

are liable can be almost entirely done away with. The
first extended application of the photographic method to

this purpose was made by Dr Vogel at the Potsdam
Observatory

;
he measured the motions of forty-eight of

the brighter stars in the line of sight with a precision that

could not easily be reached by the optical method. The
most interesting results of the new system of observation

have been the discovery of binary systems among the

stars. In this work, Campbell of the Lick Observatory

has been remarkably successful; the results reached by
him, Deslandres, and others will be summarized in their

proper connexion.

Parallaxes and Proper Motiom of the Stars,

The methods of determining the parallax of a star are

of two kinds. In the one the actual parallax is deduced
from the annual change in the right ascension or declina-

tion of the star produced by the motion of the earth round
the sun, and shown by comparing observations with a

meridian instrument of the highest precision. Parallaxes

determined in this way are termed absolute. It is now
found that, owing to the annual and diurnal changes in

the instrument and in the air caused by the varying

temperature of night and day, summer and winter, it is

impossible to determine precisely, even with the most
refined appliances of modern astronomy, variations in the

absolute position of a star so minute as its parallax.

Efforts to determine absolute parallaxes have therefore

been abandoned. The method now in universal use
consists in referring the displacement of the star whose
parallax is measured to small stars lying in nearly the

same direction. The numbers thus obtained are the

relative parallax between the star measured and those with
which it is compared

;
and if the stars of comparison are

so distant as to have no appreciable parallax, the result

win give the actual parallax required. How far this is the

case we cannot yet say with certainty
; but it is probable

that, as a general rule, the stars of comparison have rarely

any parallax amounting to a hundredth of a second. In
recent times the hehometer has been the most powerful
instrument for such determinations

;
and in the hands of

GiU, Elkin, Peter, and others it has been applied in

maMng a revision of many results previously obtained
with other instruments, and in investigating suspected

new cases of parallax. But at the present time it bids fair

to be eventually supplemented or even superseded by the

photographic telescope. The great advantage of the photo-
graphic method lies in the ease with which a plate can be
taken and the leisure with which the images of the stars can
be measured upon it

;
the attempts recently made in this

direction seem to show that the precision is not markedly
less thsui that attainable by the use of the heliometer.

It is difficult to make a selection of the stars whose
parallax can be said to be determined, but, roughly
speaking, we may state the number to be 100. Among
these are several cases in which the instrument or method
of using it was so imperfect that the results are more or
less doubtful, and many others in which the apparent
parallax is so minute that it is questionable whether the
result may not be due to errors of measurement rather
than parallax. Such is undoubtedly the case when the
result comes out with a negative algebraic sign, as has
happened with some apparently good determinations.

The following is a list of the determinations which may be
regarded as actual, including all which have been made
with the heliometer, even when the result is so minute as
to be doubtful. The letter g signifies that the result is

one of an exceptionally good class reached under Gill’s

direction by the heliometer of the Cape Observatory. The
probable error in these cases is generally between 0*01"

and 0*02". A colon indicates that the parallax is of a
rather doubtful character, needing to be re-determined by
modern methods, and two colons that it is among the

more doubtful of this class. The results given without
any indication may be supposed to be affected by a prob-

able error varying from 0*03"to 0*05".

Parallaxes of Stars,

Star.
Position for 1900.

|

B. A. Decl. Par.

h. m. O //

/3 Cassiopese . 0 4 + 58 '6 •15

Gr. 84 0 18 4-43*4 *30

^ Tucanoe 0 15 -65*5 *14

jS Hydri 0 20 -77-8 13 g
a Cassiopese . 0 35 4-56*0 •04:

rj Cassiopese . 0 43 + 57-2 •20

7 Cassiopese . 0 50 +601 •01:

p. Cassiopese . 1 2 4-54*4 •14

Polaris 1 22 4-88*8 *06

a Eridani 1 34 -67-7 *04 g
T Ceti . 1 39 -16*5 •31 g
e Eridani 8 16 -43 -6 *15 g
50 Persei 4 2 4-37*8 •04^:

0® Eridani 4 11 - 7*8 •17 g
a Tauri

.

4 30 4-16*3 *11

C. Z. Yh. 248 5 8 -45-0 •31 g
a Aurigse 5 9 + 45-9 *09

/3 Orionis 5 10 - 8*3 •00 g
a Orionis 5 50 4- 7*4 •02

/3 Aurigse 5 52 4-44*9 *06:

a Aigus 6 22 -52*6 •00 g
X® Aurigse 6 39 + 43-7 •11

a Can. Maj. . 6 41 -16*6 •87 g
51 H. Cephei . 6 53 4-87*2 *03:

a Geminorum 7 28 4-32*1 *20:;

a Can. Mm. . 7 34 4- 5*5 •30

/3 Geminorum 7 39 4-28*3 *06

LI. 15290 . 7 47 4-30*9 *02

c Urs. Maj. . 8 52 -r 48 *4 •13:

10 Urs. Maj. . 8 54 4-42*2 *20

LI. 18116 . 9 8 4-53*1 •18

6 Urs. Maj. . 9 26 -f52*2 •07

LI. 19022 . 9 37 4-43*2 •06

20 Leo. min. . 9 55 4-32*5 *06

a Leonis 10 3 4-12*5 •02

Gr. 1618 . 10 5 4-50*0 *18

Gr. 1646 . 10 22 4-49*8 •10

Gr. 1657 . 10 27 4-49*7 •04

LI. 20670 . 10 38 4-47*7 •01:

LI. 21185 . 10 68 4-36*6 •46

LI. 21258 . 11 0 4-44*0 *22

S 1516 . 11 9 4-74*0 •15

0. A. 11677 11 15 4-66*4 *27:

S 1561 . 11 33 4-45*7 *03

Gr. 1822 . 11 40 -f48*2 *02

Gr. 1830 . 11 47 -1-38 *6 •14

LI. 22632 . 11 57 4-43*7 •00:

LI. 22810 . 12 4 4-40*8 •06

a Crucis 12 21 -62*5 *05 g
/3 Crucis 12 42 -59*1 •00 g
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Parallaxes of Stars—cmtim^ed.

star.
Position for 1900.

R. A. Decl. Par.

h. ni. * n

p Comae 13 7 H-28-4 *11

a Virginia 13 20 -10*6 •00 g
P Centanri . 13 57 + 59-9 03 g
a Bootis 14 11 + 19 '7 •03

a Centauri . 14 33 -60-4 •75 g
LI. 27298 . 14 52 + 54-1 *08^

a Scorpii 16 23 -26-2 •02 g
Tj Herculis 16 39 -h39-l •40:

TT Herculis 17 11 -h36-9 *11;

8 Herculis 17 11 + 24-9 •05:

V Draconis . 17 30 -f- 55 *3 •32:

0. A. 17415 17 37 + 68-4 •22

70 Ophiuchi . 18 0 + 2-5 19
8 Urs. min, . 18 5 + 86 6 •03 :

a Lyrse 18 33 + 38-7 •11

0. A. 18609 18 42 + 59*5 •35:

31 Aquilae 19 20 + 11-7 •06

<r Draconis . 19 33 + 69-5 •26:

a Aquilse 19 46 + 8*6 •23

a Cygni 20 38 + 44-9 •00

61 Cygni 21 2 + 38-2 •39

a Cephei 21 16 + 62-1 •06;

€ Indi 21 56 -57*2 •27 g
a Gruis

.

22 2 -47-4 •02 1
a Piscis Austr. 22 52 -30*1 •13 g
Lac. 9352 . 22 59 -36-4 •28 g
Br. 3077 . 23 8 + 56-6 •15

85 Pegasi 23 57 + 26-6 •05

A desideratum of astronomy is a general survey of tlie

lieavens with a view of determining all the stars which
have an appreciable parallax. Such a survey is

Parallactic made possible by photography. To carry
survey*

necessary to take two or three plates

of each region of the heavens at those opposite seasons

when the stars in the region have the maximum displace-

ment by parallax in opposite directions, A comparison of

the plates then shows whether any such displacement can
be detected. The only attempt in this direction which
has thus far been carried out was made by Professor

Donner at Helsingfors, with the co-operation of Kapteyn,

the photographic telescope being that used for the inter-

national chart of the heavens. Each plate taken for

parallax was exposed three times, at intervals of six

months. At the first exposure three images were made on
the plate in slightly different positions. At the second,

six months later, six images were made in the same way.

At the third, a year after the first, three more were made.

Thus, twelve impressions of each star were taken, forming

together a rectangle of three stars on one side and four on

the other. On such a plate the detection of a parallactic

displacement is very easy. Unfortunately, only a region

little more than 2® square, extending from 20 h. 1 m. to

20 h. 10 m. in right ascension, and from 35® to about 37®

in declination, has yet been examined. The plates were

carefully measured by Kapteyn. In three or four cases

there is some presumption of a parallax of OT", but in no

case is it so strongly marked as to be beyond doubt. The
probable error of a result from each plate is 0*034"; but

it is quite in accord with the theory of probabilities that

errors of three or four times this amount should occur in

one or more of the results. The extremely limited number
of stars having a certainly measurable parallax renders

it desirable to find other methods of estimating their

distances. It was formerly supposed that the actual

magnitude of the stars did not differ greatly from each

other, and, if that were the case, an approximate estimate

of the distance could be obtained from the apparent

brightness. But it is now known that this is so far from
the case that brightness alone scarcely affords any clue to

the distance of a star. All that we can say with certainty
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is that, in the general average, the fainter stars are more
distant than the brighter ones in a ratio which admits of

approximate determination, a statement which tells us
nothing about the actual distance of any single star.

More information is afforded by the proper motions of

which we shall next speak.

The work of cataloguing the stars and determining
their exact positions, which is now being pursued on so

large a scale, naturally involves the determina-
tions of their proper motions. Every star may
be considered as having a proper motion of its

own
;
but the number for which the proper motion has

been determined is comparatively small, because, apart

from the results of spectroscopic measurements of motion
in the line of sight, which are necessarily extremely
limited, the motion can be detected only by a comparison
of observations taken at long intervals of time. The
longer the interval the slower the motion that may be
detected. We have now an interval of more than a
century in the case of the stars observed by Bradley at

Greenwich, about the year 1750-63, and one of the greater

part of a century in the case of several other catalogues.

From Auwers's discussion of the Bradley stars, 3240 in

number, it appears that a little more than one-half of these

objects have a proper motion of 5" per century or more,

A little more than one-half of Bradley’s stars are easily

visible to the naked eye, and the greater part of the

remaining half are between the 6th and 7th magnitude.
Consequently, the conclusions derived from this work apply
only to the brighter stars. Speaking in a general way, we
may say that about one-half of these stars are known to

have a measurable proper motion. In the case of the

fainter stars the proportion would undoubtedly be much
smaller than this, but it cannot be exactly stated at

present. A few stars have a proper motion so abnormally
rapid that it could be detected within a single year. Of these

the most rapid known up to a recent time was that of

Groombridge 1830, pointed out by Argelander. In 1897
GiU and Innes, at the Cape of Good Hope, found a star

of yet greater proper motion. This case was carefully

investigated by Kapteyn, who, by a comparison of the

Cape photographs and Cordoba observations, found the

motion to be the greatest yet known. The following is a
list of the stars now known to have a proper motion,

exceeding 3" per year :

—

Name. R.A.
1900.

Dec.
1900.

Prop.
Motion.

Mag.

h. m. •t

C. Z. Yh., 243 . 5 8 -45-0 8-70 8*5

Gr. 1830 . 11 47 + 38-4 7-04 6-9

Lac. 9352 22 59 -36-4 6*94 7*5

Cox. 32416 0 0 -37-8 6-07 8*5

61 Cygni . 21 2 + 38-3 5-20 5*7

Ll. 21185 10 58 + 36-6 4-76 7*3

€ Indi 21 56 -57-2 4-61 5*2

U. 21258 11 0 + 44-0 4*41 8-7

0^ Eridani 4 11 - 7*8 4*05 4*6

fL Oassiop, 1 2 +54-4 3*73 5*6

0. A. 15318 . 15 5 -16*0 3*68, 9*1

0. A. 15320 . 15 5 -15*9 3*68 9*1

a Centauri 14 33 -60*4 3*60 1*0

Lac. 8760 21 11 < -39*2 3*53 7*3

e Eridani. 3 16 -43-4 3*12 4*4

0. Arg. 11677 . 11 15 + 66*4 3*02 9*0

This table presents two notable features. One is the

minuteness of many of the stars. That the star having

the most rapid motion yet known should be below the

8th magnitude is illustrative of the great range of abso-

lute brightness among the stars. The other feature is

that two fourths of the circle of right ascension, namely,

those from 5 h. to 11 h. and from 15 L to 21 h., scarcely
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contain any of the sixteen stais, except at their limits.

This may be attributed to the effect of the solar motion

in exaggerating the apparent motion of stars far from

its apex.

A desideratum of the present time is an exact knowledge

of how many stars in the heavens have a measurable

proper motion, or, in greater detail, how many have

proper motions of each order of magnitude. The data

for completely solving this question are still wanting, but

the most complete attempt in this direction is that of

Auwers, who observed the zone of the “ Astronomische

Gesellschaft,” 15'" -20°, at Berlin. He made a com-

parison of the 8000 stars in his zone with the older

observations as far as they were available, and the result

was the discovery that 1200 of the stars had proper

motions large enough to be detected. Assuming that in

the whole heavens the number is proportional to the

area, we may regard it as probable that 20,000 stars have

a proper motion, extending 5" per century. Several

astronomers have made catalogues of stars having ex-

ceptionally large proper motion
j

the most thoroughly

worked up of these catalogues is that of Porter for 1890,

FvhUcaUons of the Cincinnati Observatory, No. 12, but

BosserPs in Paris Observations for 1890 contains more

stars—2675 in all.

That our sun is to be included among the stars having

a proper motion has long been inferred from an apparent

motion of the stars in the opposite direction,

Motion
parallactic motion. If we regard the

general mean position of the mass of stars as at

rest, our solar system is relativelyto this meanmoving toward

a point, now known as the Solar Apex, which was long

supposed to be situated in the constellation Hercules.

Although the approximate situation of this point has been

known since the time of the elder Herschel, yet its exact

determination is a matter of extreme difficulty, owing to

the diversity of the actual motions of the stars and the

irregular distribution of those which have been determined.

In the following summary of the results of recent re-

searches, we put A for the right ascension of the apex and

D for its declination. Professor Lewis Boss, from 279

stars of large proper motion in the zone V to 5°, derived

A— 283*3“
3
D = + 44‘1“. This result might be seriously

inffuenced by the introduction of stars of abnormally large

motions; had he excluded twenty-six motions exceeding

40" per century, the result would have been A =288*7“

;

D = + 51*5“, Porter of Cincinnati, and Stumpe of Berlin,

have each made determinations based on all the well-

determined proper motions available at the time. PortePs

list included 1300 stars. Stumpers 996, the greater

number of the stars being common to the two lists. Each
investigator classified his material according to the

proper motions of the stars. Stumpe excluded aU
motions less than 16" or greater than 128" per century.

Between these limits they were divided into three groups

:

Group L, from 16" to 32"
;

II., from 32" to 64"
; III, from

64" to 128". The separate results were :

—

Group 1. (551 stars) A= 287*4
; I)=+45*0

„ II. (339 „ ) 287*2; 43*5

„ III. (106 „ ) 280*2; 33*6

Porter (Ast. Jcmr. xii. p. 89) divided his proper motions
into four groups : I., those less than 30"

; IL, those be-

tween 30" and 60"
; HI., those between 60" and 120"

;

IT., those exceeding 120". The results were :

—

Group 1. (576 stars) A=:281*9

„ IL (533 „ ) 280*7

„ III. (142 „ ) 285*2
IV. ( 70 „ )

277*0

D=?+53*7
40*1

34*0

34*9

All three of these agree in the general conclusion that
the smaller the pioper motions used the greater the
declination of the resulting apex, and, in a less degree, the
greater its right ascension. But this conclusion needs
farther examination before it can be accepted as fully

established. Some doubt is thrown upon it by the fact

that the position of the solar apex from all the stars of
Bradley’s catalogues having a small proper motion is

A = 274*2°; D = + 31*2°. The discrepancy, especially in

the declination of the apex, is far outside the normal
limits of error on any probable hypothesis, and suggests

the necessity of a more thorough examination of the
question than has been made. The general conclusion

which may be drawn from these results is that our system
is moving toward the constellation Lyra, not Hercules.

The point is probably near right ascension 280° and
decimation + 38°

;
but there is an uncertainty of several

degrees in this position which cannot be removed until

an improved method is applied.

An important and interesting point is that of the speed

of the motion. The most obvious method of determining

this is through the apparent parallactic motion
of the stars whose parallaxes have been speed of

actually measured. When we see a star at a
^motion

known distance moving away from the sun’s

apex with a given angular velocity, the transformation of

this given velocity into a linear velocity is extremely

simple, and gives the relative velocity between the sun and

star. The measure of these results from all the stars in-

cluded will give the speed of the sun relative to their

mean position. In this way, from the list of stars whose

parallaxes have already been given, it would follow that

the speed in question was 6 radii of the earth’s orbit in a

;

year, which would correspond to nearly 28 kilometres per

second, about that of the earth in its orbit. But this

result has an unavoidable defect arising from the fact

that the stars selected for measures of parallax have been

those having large apparent proper motions. A star whose

actual motion is in the opposite direction to that of the

sun will have a large apparent motion, while one moving

towards the solar apex may have little or no apparent

motion, though its actual angular motion may be the same.

In consequence, the selection is biased by including

mainly those stars whose absolute motion is away from

the apex. Consequently, the result is too large. The

speed in question can also be derived from the observed

motions in the line of sight or radial motions. Kapteyn

has done this by a statistical method. From a study of

the apparent angular motions of the stars can be derived

the ratio between the velocity of the sun and the mean
velocity of the stars in general. This mean velocity is

found in linear measure from the observed motions in the

line of sight, and its product into the ratio derived from

the angular motions gives the actual linear velocity of the

sun. The resulting speed of the sun’s motion was, in

round numbers, 16 kilometres, or 10 English miles, per

second. This result is now superseded by a recent research

of Campbell, based on 280 radial motions (As^ophys,

Jomr. January 1901), giving a speed of 19*89 ± 1*92 km.

This speed is almost exactly 4 radii of the earth’s orbit

per year.

It will be seen that the apparent proper motion of a

star is made up of two components—the actual motion

relative to the mean of aU the stars, sometimes called the

moiMs peculiaris, and the parallactic motion, which is only

apparent, being due to the motion of the sun. It has

been shown by Stumpe that, when we take a large number

of stars and classify them according to their total proper

motions, the ratio of the parallactic motion to that peculiar

to each star is nearly the same for large and for small
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motions. The former is proportional to the sine of the
angular distance of the star from the apex divided by its

distance from the earth. It follows from the approach to

uniformity in the ratio that the peculiar motions of the

stars are also, in the general mean, inversely proportional

to their distance from us. Consequently, the actual mean
linear velocity of the motion may be taken as the same
for stars of various distances, so that the apparent motion
will be inversely as the distance. Of course this equality

in the general mean by no means implies any approxima-
tion to equality in the case of individual stars

;
yet there

is some reason to believe that it is only in exceptional

cases that the linear velocity of motion of the stars exceeds

a certain limit which it is difficult to fix with precision,

but which may be estimated at 40 or 50 kilometres per

second. To such a limit there are two remarkable excep-

tions, one of which has been known for some time, whde
the other is of recent discovery. Although the proper

motion of the star 1830 Groombridge, is, with one excep-

tion, the greatest of any known, measures of its parallax

show that it is by no means among the nearer stars. The
combination of the parallax already given with the observed

motion indicates a component of linear velocity perpen-

dicular to the line of sight amounting to about 240
kilometres per second. The recent measures of Elkin on
the parallax of Arcturus indicate that its linear velocity is

probably nearly as great as and possibly much greater than
that of the Groombridge star. The parallax found by
Elkin was 0*016"; but in view of the fact that other

measures, though far less trustworthy, have given a larger

value in the table, 0*03'' has been assigned as the most
probable parallax. This gives a linear velocity of some
350 kilometres per second.

One of the most interesting questions growing out of

the proper motions of the stars is whether there is any
general law among them which indicates that

Law of move in definite orbits and that the

universe as a whole forms a stable system. Up
to the present time nothing in the way of a

general law has been discovered. In a few cases, some of

which are mentioned in the original article in the ninth

edition of the JBrit,, stars in the same region are

found to have a common proper motion, indicating that

they may form a system among themselves, but these

cases are so exceptional as to prove nothing : the general

rule seems to be that the proper motion of a star has no
connexion with its location in space or its relation to the

universe in general. On no probable hypothesis that we
can make respecting the mass of the stars could the

attraction of all the known bodies of the universe hold

either Ajrcturus or 1830 Groombridge in an orbit.

Yanable Stars.

The study of variable stars has in recent times, in

connexion with measures of motions in the line of sight,

opened up a new and interesting branch of Sidereal

AtStronomy, and the number of these objects which have

been made the subject of accurate observation is now so

great that a classification according to the law and period

of the variations is possible. The statistical basis on

which such a classification must begin is found in Chandler’s

catalogues, of which the third was published in the

Astrcynmiieal Jc/wmal^ vol. xvi. Omitting from our con-

sideration 7^ Argus and other irregularly variable stars, as

well as the so-called new stars, we find in that catalogue 280

periodic stars, properly so called
;
that is, such as go through

all their changes in a definite period. Classifying the

periods according to the length, we find them to be as

follows :

—

Periods. Stars.

Less than 50 days 63
60 to 100 6

100 „ 160 „ . 9

150 „ 200 „ . 18

200 „ 250 „ 29

250 „ 300 „ 40

800 „ 350 „ 44

350 „ 400 „ 44

400 „ 450 ,
18

450 „ 500 ,
6

500 „ 550 ,
1

650 „ 600 „ 1

600 „ 660 „ . 1

The most suggestive feature of this table is the well-

marked limitation of the period. From the maximum of

about 350 days, the number of periods having a given
length continually falls off until we reach 610 days. This
is the longest yet known. It follows that there is some-
thing in the constitution of these bodies, or in the cause

on which their variation depends, which limits the period.

It was formerly supposed that the eleven-years period in

the magnitude and frequency of spots on the sun made
the sun a variable star ; in fact, that the periodicity of the

stars might be due to the same cause as that of the solar

spots. But the great length of the sun-spot period, taken
in connexion with this limitation, seems to disprove the

analogy. Passing up towards the other end of the table

we are struck by the rapid falling off towards the limit of

50 days and the great number less than 50 days. It

might seem that we have here a sharp line of distinction

between the two classes—those of long and those of short

period. But an examination of the periods in detail does

not show any such line. Eight periods are less than 1

day, and about 40 between 1 and 10 days, and from this

point up to 100 days they are scattered with a fair

approach to uniformity.

The law of change of a periodic star may be represented

graphically by a curve. A straight horizontal line or

axis of abscissae is taken to represent the time, and on it

equal spaces represent equal times. At each point upon
it an ordinate is erected proportional to the amount of

light emitted by the star at the corresponding moment.
A curve through the ends of these ordinates is the light

curve of the variable star. It will be readily seen that,

in the case of a star of constant brightness, the ordinates

will all be equal, and the curve will be a straight hori-

zontal line. Whatever the law, if the star be a periodic

one, the ordinate will return to the same value at the end
of a period, and the continuance of the curve through

successive periods will be repetitions of the curve corre-

sponding to the first period. It is therefore only necessary

to continue the curve through a single period.

A classification of variable stars has been facilitated by
the discovery of the cause of variation in certain classes of

the stars of shorter periods. The most distinctive class of

such stars are those which remain constant during the

greater part of the period, and then temporarily lose a
portion of their light, soon to recover it again. The
brightest and longest-known of this class being Algol or

/3 Persei, stars wMch vary in this way are said to be of

the “ Algol type.” The curve of such a type is a straight

line with a depression at the end of each period. This

feature strongly distinguishes the type from those in

which the variation, whatever its law, is continuous, for

in those cases, which include a great majority of variable

stars, the curve is nowhere a straight line.

The great development of the subject in our times

began with the discovery of the cause of the change in

the case of stars of the Algol type. Ever since

the variability of Algol was observed, it was
suspected to be due to a partial eclipse of the star by the
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interposition of a dark body nearly as large as the star

revolving around it
;
but this explanation remained only a

surmise until Vogel of Potsdam, by repeated measurements

of the motion of Algol in the line of sight, showed that

the star is always receding from us before the loss of

light, and approaching us afterwards. This was so exactly

the result that would be produced by the revolution of

such a body as that supposed that no doubt could remain

on the subject, and by a legitimate induction the variations

of all stars of the Algol type are now assumed to be partial

eclipses caused by the interposition of a dark companion

moving around them. The number of stars of this class

is small, only about twelve being yet known. This may
be partly due to the difficulty of detecting variations of

the type. Owing to the temporary character of the loss

of light, the magnitude of such a star might be observed

a great number of times without the variation being

detected, since it would be noticed only when the obser-

vation happened to be made during the partial eclipse.

The following list shows the main particulars relating to

stars of this type, their positions, periods, magnitudes, and

loss of light when eclipsed :

—

Variahle Stars of the Algol Type,

Position. Magnitude. Dim-
inu-Name.

B. A. Dec. Usual Min. tion.

U Cephei .

b. m.
0 53 -HSl 3

d. h. m.
2 11 49 6 71 9-2 21

^ Persei 3 2 -f-40 6 2 20 48 9 23 3-5 12
X Taun 3 55 +12 2 3 22 52 2 34 4*2 08
R Can- Maj. r 16 -16 2 1 3 16 8 69 6-7 08
S Cancn . 8 3S +19 4 9 11 87 8 82 98 16
S Antha . 9 28 -28 2 0 7 46 8 67 73 06
S Velorum

.

9 29 -44 8 6 22 24 4 78 9-3 15
S Libras . 14 66 - 81 2 7 61 4 60 6*2 12
U Coronae . 16 14 +32 0 8 10 61 2 75 8 9 14
BAraa 16 81 -56 8 4 10 12 7 69 80 11
Z Hercules 17 64 +151 3 23 49*5 71 80 09
BS Sagittani 18 11 -341 2 9 58-6 64 7*5 11
Anonymous 19 43 +32 5 6 0 8-8 10 8 12 9 21
Anonymous 20 4 +46 0

+17 9
4 13 45 0 90 11 7 27

W Delpbmi 20 83 4 19 21*2 95 12 0 25

Another but analogous type of variation is that of

j3 Lyrse. The characteristic of this type is that in each

period there are two equal maxima and two

type^ unequal minima. The variation of light is

seemingly continuous, G. W. Meyers {Astro-

physical Journal^ vii.) has offered a theory of this type

of variation which explains the phenomena so precisely

that we cannot seriously doubt its correctness. Two un-
equal bodies, so near together as to be almost in contact,

revolve round each other. By their mutual attraction and
the centrifugal force they are drawn out into prolate

ellipsoids, each rotating in the same period as that of

revolution, so that they revolve as a single mass. Each
star partially or wholly eclipses the other in each revolu-

tion. When the line of centres is at right angles to our
line of sight, the two bodies present to us their greatest

apparent surface, and therefore send us their maximum of

light. As the line becomes oblique from the revolution
they are seen more and more foreshortened, and conse-

quently diminish in brilliancy. Were the two bodies of

equal surface brilliancy, the apparent magnitude of mini-
mum would be the same whichever was eclipsed. The
inequality of the alternate minima indicates a difference

in magnitude and brilliancy. It will seem that this type
resemHes the Algol type in that the variations of light

are due to the different aspects under which a pair of stars

is seen as they revolve around each other, and especially

by one star of the pair eclipsing the other, and not by any
actual changes in the bodies themselves. It is now found
that the two types merge into each other by insensible
gradations. The principal intermediate type is one in

which, calling the two stars A and B, A eclipses B and B

eclipses A at each revolution. In such a case, if the orbits

were quite circular, it would be impossible by eye-observa-
tion alone to distinguish this type from the Algol type,
in which the eclipsing body is dark. But if the orbit is

eccentric the alternate minima will occur at unequal
intervals. Even if such is not the case, the period may
be detected by spectroscopic measures of velocity in the
line of sight, if only the star is bright enough to admit of

its motion being determined in this way.

Systems of Stars, Clusters, and Nehvloe.

Since 1880 there have been discovered great numbers
of double stars, now more properly known as binary
systems, which had formerly escaped detection,

owing to the difficulty of ascertaining their

character with telescopes less perfect than those
^

of our time. Few general facts, however, have been
brought out by these discoveries. The advance of our

knowledge has mainly consisted in the more accurate

determination of the elements of the orbits and the times

of revolution of those systems whose period of revolution

is less than a century. The trend of recent research is

towards extending the conception of systems of stars almost

indefinitely in two opposite directions. Since, with every

increase of telescopic power, closer binary systems of

shorter and shorter periods are found in constantly in-

creasing numbers, we cannot set any limit either to the

actual minuteness of such objects or to the shortness of

the period. Far within the limit to which telescopic

vision can ever extend, such systems are now being brought

to light by the spectroscope. These systems appear as a

connecting link between certain variable stars on the one

hand and the telescopic double stars on the other. Stais

of the class to which the Algol type of variables belongs

will appear to us to vary in brightness only in the very

exceptional cases when the plane of the orbit which one

body describes around the other passes so near our sun

that the one seems to pass over the other, and so causes an

eclipse. In all cases, except those in which the line of

sight is nearly perpendicular to the plane of the orbit, the

revolution of the two bodies around their common centie

of gravity will result in a periodic variation of the motion

of each in the line of sight. Such a motion may be

detected by the spectroscope. If only one of the two

bodies is luminous, its motion will be shown by a periodic

change in the displacement of its spectral lines. This, so

far as yet known, is the usual case. If both are luminous,

especially if they do not differ much in brightness, the

motion of revolution will be shown by a periodic doubling

of the lines. When, were they visible, they would appear

to us in conjunction, their spectra are merged into one,

which will show nothing unusual
;
but if one is moving

from us and the other towards us, the spectral lines will be

displaced in opposite directions, so that all of the lines

strong enough to be seen in both spectra will appear

double.

But while there is thus no well-defined inferior limit to

the dimensions of systems of two stars, recent research

shows that we cannot set any superior limit to the number
of stars which may form a system or to the dimensions

of such a system. Considering those binary systems

whose components are distant from each other, we may,

at the first step, meet with a dijficulty in deciding whether

two stars aj^parently near each other really form a system,

or appear to us together because they haj^pen to be in the

same line from us. If their distance is a very few seconds,

the presumption would be in favour of a physical con-

nexion. At greater distances the only evidence yet

available is found in their relative motion. If the smaller

star shares the proper motion of the brighter one, the
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evidence of connexion is nearly conclusive. If it does not,

we assume that they are simply two isolated stars. In
the article Astronomy {Ency. Brit, vol. ii. p. 820) it was
shown that five S'tars of Ursa Major have a common proper
motion, all moving nearly in the same direction and with
equal velocity. But though no other case like this has
yet been discovered, there are several cases of pairs of

stars near each other betraying a relationship by their

proper motion, which would never have been suspected
on any other ground. The two most remarkable cases of

this sort are—(1) a pair of stars in B. A. 15 hours 4 minutes
Dec. — 15° 54', five minutes apart, and (2) A Ophiuchi,
which has a star of the same proper motion following it

about 13'. It is not unlikely that pairs like these form
binary systems with very eccentric orbits and long periods

of revolution.

It does not now appear that we can draw any sharp
line as regards numbers of stars between the binary

systems which we have been considering and

deters. whose components are too numerous to

be counted. Triple or quadruple stars have long
been familiar

;
of the latter 0 Orionis in the great nebula of

Orion affords a typical example. In this case two other

stars much more minute belong to the system. Sometimes
it is possible to make an actual coun-b of the stars in a
cluster, as is the case with Prsesepe, in Cancer, which
appears to the naked eye as a nebula, and which the tele-

scope shows to be composed of a definite number of com-
paratively bright stars. We have also such agglomera-
tions as the great cluster of Hercules, where a complete

resolution into stars is just possible with the best tele-

scopic power yet reached. The application of photogiaphy
to these objects has thrown much light on their general

character. Many of them have been photographed at the

Harvard Observatory, but even there it has not always
been possible to separate all the individual stars in the

densest clusters. Perhaps the most remarkable feature

brought out has been the great number of variable stars

in some of the clusters. The following statement is

extracted from a Harvard circular :

—

Cluster.

(j3 Centauri

Messier 3
Messier 5

Stars
examined.

3000
900
900

Number
of variables,

125
132
185

In all 509 variable stars were found among 19,050

examined in twenty-three clusters, a number which exceeds

that known to exist in the rest of the sky. Perhaps the

most interesting questions suggested by these cluster

systems is that of their stability. On any probable hypo-

thesis that we can make as to the constitution of the

individual stars, their mutual attraction must be such as

would bring them into a single mass in the course of a

few thousand years. Why, then, have they not condensed

into such a mass? Perhaps the most plausible answer

that can now be made is that the individual stars are all

moving in irregular orbits under their mutual attraction.

If such be the case, the motion would be made manifest

by the comparison of photographs taken at intervals of

twenty, fifty, or 100 years.

The questions which have arisen in our time respecting

the constitution of various nebulas, the changes which they

Nebula
may undergo, their individual forms, and their re-

lations to the stars seen among them, are so numer-

ous that no discussion of them is possible within our present

limits. The greatest addition to our means of knowledge

has been made, as in many other cases, by the application

of photography. Here the works of Dr Isaac Boberts,

P,B.S., and Dr A. A. Common, F.B.S., are worthy of

special study ;
their results are for the most part to be

found in the publications of the Boyal Astronomical
Society. One fact brought out quite recently is the

superiority of the reflecting telescope over the refractor in

this connexion, owing to the absence of chromatic aberra-

tion which, even in the secondary character it assumes in

the best refracting telescopes, is very appreciable in the

long exposures necessary. The great advantage of photo-

graphy is due to the fact that, in a clear dark sky, it is

possible to obtain images of objects which escape vision.

This is the case not only vdth the smaller stars, but
apparently in a still higher degree with the nebulde.

Among the most remarkable objects brought out by jjhoto-

graphy is a great nebulous mass -winding through a con-

siderable portion of the constellation Orion, first discovered

by W. H. Pickering, and afterwards confirmed by Barnard.

Among other remarkable nebulosities of this sort is one in

the region of p Ophiuchi, photographed by Barnard in

1894 ;
while a third is the singular nebulosity surrounding

the Pleiades, carefuUy studied by Barnard {Monthly Notices

E, A, S, January 1900). Quite recently a surprising

number of new nebula have been photographed by the

Crossley reflector of the Lick Observatory. Professor

Keeler concludes that, judging from the number of these

objects brought out with this instrument, there must be
as many as 100,000 in the heavens, an average of between
two and three to every square degree. It would, theie-

fore, scarcely be an overstatement to say that the heavens
are to be regarded as filled with nebulae. The spectrum of

these objects (see Ency, Brit, vol. ii. p. 821) seems to show
that they are gaseous in constitution, as it consists almost
wholly of a very small number of bright lines. An
apparent exception is afforded by the great nebula of

Andromeda, which gives a continuous spectrum; but in

interpreting such a spectrum it must be noted that a
gaseous mass gives a bright line spectrum only when it is

transparent through and through. If the mass is of such
size that a ray of light cannot pass through it the spec-

trum will, in general, be continuous, like that of a solid

body. If the superficial portions are cooler and more
tenuous than the interior, the continuous spectrum will be
crossed by dark lines, as in the case of an incandescent

body surrounded by a cool atmosphere. We conclude,

therefore, that the continuous character of the spectrum of

the Andromeda nebulae does not prove it to be composed
of solid particles. The transparency of the nebulae in.

general, which would be evident even without spectro-

scopic analysis, shows how extremely tenuous these

masses are. We cannot seriously doubt that as a geneial

rule their distances from us are at least as great as those

of the fixed stars, possibly much greater. In dimensions

the most compact of them must far exceed our whole solar

system
; probably the great majority, even if we omit the

diffused masses to which we can assign no definite out-

line, may exceed the diameter of the orbit of Keptune a
hundredfold. Yet we have reason to believe that a ray

of light would not suffer any sensible absorption, except

selectively, in passing through them.

CoTistitution of the Stars and Structwre of the Heavens,

The view that the sun and stars are not bodies fitted to

exist for ever in their present form is strengthened by all

recent researches on their constitution. They are

now regarded as bodies of intensely hot matter

in the gaseous state, continually losing energyby
the radiation of their heat into space, and therefore con-

tracting in volume. This view was first developed by
J. Homer Lane in a paper published about 1865 in the

American Journal of Science ; but his results were merely

embodied in mathematical formulae, and not stated with

such distinctness as to command attention at the time.

S. 1.-95
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More recently Bitter lias developed tlie subject with great

fulness in a series of papers published in the Leipzig

Anncden der Physik und Cherme. As we have not room
for even an abstract of these researches, we can state only

what seem to be the most obvious conclusions. That the

sun and stars are masses of gas is shown not only by their

density, so far as ascertained, but by the fact that solid

or liquid masses would cool with such rapidity that they

would cease to shine at the end of a few centuries. The
superficial portions would first cool and eventually become

solid. It was shown by Lane that a mass of gas, held in

equilibrium by the mutual attraction of its parts, grows

hotter through the loss of energy by radiation, because the

temperature gained by the resulting contraction exceeds

that lost by the radiation. The effect is analogous to

that of a resisting medium upon a planet. The direct

result would be to retard the motion of the planet, so

that it would fall nearer to the sun, but the velocity

gained by the fall would exceed that lost by the resistance.

As a planet would go faster by being resisted, so the tem-

perature of a gaseous mass like a star rises as it contracts

in volume. This rule ceases to hold when the attraction

has become so great that liquefaction takes place, and then

the radiation of light by the body is nearly at an end.

Another result of the theory is that the greater the mass
of a star the higher will be its temperature in a given

stage of its development. There may, therefore, be a

wide range among the temperatures of the stars, the older

and the larger ones generally being the hotter.

The volume of a star is so great that its interior,

though gaseous, is not transparent, and it therefore

radiates heat only from its superficial portions. These

are thus subject to a rapid cooling process
;
they probably

liquefy or solidify, and then by their superior gravity sink

into the interior and are replaced by gaseous masses from
the interior. Thus a circulation is constantly going on,

the hot matter of the interior rising to the surface,

and the cool matter of the surface sinking to take its

place. A star cannot radiate heat more rapidly than the

heat is supplied by this process
;
consequently, the super-

ficial temperature is limited by the rapidity of circulation,

which cannot go on at more than a definite rate, depending

on the temperature and the nature of the gas. A neces-

sary result of this view is that each star is constantly

contracting in volume, and must continue to do so until

the interior becomes liquid or solid. At this stage the

increased friction resisting the circulation will result in a
continuous fall of the temperature of the surface, which in

process of time must cease to radiate light. Eecent dis-

coveries give colour to the hypothesis of evolution implied

in this view of the physical constitution of stars in general.

Their agglomeration into systems is what we should natu-

rally expect as the result of the condensation of irregular

nebulous masses.

One of the most suggestive conclusions of recent science

is that the stars differ greatly in density, and that, in the

Density large majority of cases, the brighter ones at least

of the are much rarer than the sun, probably even of
stars, gaseous density. In the case of the Algol type
of variable stars we can, by the comparison of the dura-

tion of the eclipse with the periodic time, form an
approximate idea of the size of the star. If the elements
of the orbit can be determined, the mass will also become
known, and thus we may form an idea of the density.

^0 far as this method has been carried out, the conclusion
is that already stated. Kevolving double stars, when the
elements of the orbit become known, afford evidence that
points in the same direction. Knowing the parallax of
a .star and the elements of the orbit of a companion
m^?ving around it, we can determine the,mass of the two

bodies. Their absolute brilliancy compared with that of
the sun is also known from the parallax and the apparent
brilliancy ; and it is thus found that, while the mass of
Sirius is a little more than double that of the sun, it emits
some thirty times as much light. It is now known that a
relation between the mass and brilliancy of a double star
can be derived from the elements of the apparent orbit

without a knowledge of the star's distance. Were all

these bodies of the same density and the same intrinsic

brilliancy per square mile of surface as the sun, then to
every star of a given apparent magnitude, whatever its

distance, would correspond a certain relation between the
periodic time and the apparent mean distance of a com-
panion revolving around it. Assuming the distance of

the companion to be 1", its period on this hypothesis is

shown for stars of various magnitudes in the following

table :

—

Magnitude. Period.

y-

Magnitude. Period.

y*
0 0’9 4 14-1

1 1*8 5 28-2

2 3*6 6 56*2

a 7 1 7 112*0

If the apparent mean distance is different from 1" the

time of revolution is given by Kepler's third law in the

form T^= S^, S being the mean distance in seconds,

and Tjl the period in the above table. In a large majority

of double stars whose orbits have been approximately
determined it is certain that the time of revolution is

much greater than would result from this rule. It follows

that the stars in general are either much less dense, or much
more brilliant, than the sun. For reasons that we cannot

state here it is likely that the former alternative is more
usual than the latter. It is remarkable that, in the case

of those bright stars the mass of whose faint companions
has been determined, the brilliancy of the latter deviates

in the opposite direction
;
their masses are disproportional

to their brightness. Thus the mass of the companion of

Sirius is nearly half that of Sirius itself, although the

latter gives several thousand times as much light as the

companion. The same is probably true of the companion
of Procyon, and, in a less degree, of rj Cassiopeia. It

would seem that in these cases the companion, being of

the same age as the bright star, has cooled off more rapidly,

and perhaps condensed to a solid or liquid.

The variety of spectra among the stars also emphasizes

the diversity of their physical constitution. Sir W.
Huggins {Publications of Sir W. Hugginses Observatory^

voL i. page 75) shows that the evidence of the spectro-

scope agrees with the general evolutionary theory. The
spectra of the stars may be made to fall into line, so as to

form a series, leaving little room for doubt that the actual

differences between them represent in the main successive

epochs of star life rather than original differences of

chemical constitution. When the spectra of close pairs of

stars are examined, the difference between the two sets

corresponds to the view that the fainter star of the two

is in a more advanced stage of condensation.

The problem of the structure of the heavens, if structure

they may be said to have, may be regarded as the ultimate

one of sidereal astronomy. Branches of this

problem are the questions of the physical con-

stitution of the stars, their possible separation stars,

into systems, the stability of those systems, and
the duration and stability of the universe itself. The

central question around which aU the others may be

grouped is that of the actual distribution of the stars in

space. If we could determine the distance of a star as

readily as we do its direction from us, this question would

be immediately settled, and a geometric model of the

universe could be constructed showing its form and
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arrangement. But, witli the exception of the few stars

whose parallax can be measured, the distances of the
individual stars are a matter of extremely vague and un-
certain inference, and not even the mean distance of any
class or group can be settled definitely by any one method
of research.

It will conduce to clearness in bringing out the bearing
of various facts on the problem in question if we state its

main point in advance. The most definite form in which
it may be considered by the astronomer is this :—^As, by
increasing the power of our telescopes, we see smaller and
smaller stars—are the smallest that are brought into view
no more distant than others already known; are they
within the sphere of others already observed, or, does

every increase of telescopic power bring into view stars

farther away ? To put the question into another shape

—

Is the universe of stars limited in extent? Intimately

associated with this is the question of the actual distribu-

tion in space of the stars which we see with our telescopes.

Whether the universe is finite or infinite, it is certain that

the portion which we see is of finite extent. Has this

visible portion a definite boundary, and, if so, what is the

figure of this boundary ? The statement of this question

may suggest a doubt as to the possibility of answering it.

Since the range of vision of our telescopes is necessarily

limited, is it not necessarily impossible for us to gather

evidence of the finitude of the universe? If
limit of every increase of power we see smaller

stars of which we cannot estimate the distance,

how can we decide that we are not simply penetrating

farther into a mass of infinite extent ? An answer to this

IS reached by the following consideration :—So far as stars

of various magnitudes have yet been counted there are

about three times as many of each order as of the order

next brighter. For example, there are three times as many
stars of the 7th magnitude as of the 6th, three times

more of the 8th, and so on, to at least the 10th or 11th

magnitude, a point beyond which the count is uncertain.

An individual star of each order gives about four-tenths

the light of one of the next brighter order. It follows

that the total amount of light which we receive from all

the stars of any one order continually increases as we go to

the fainter orders, the greater number of the stars more than

compensating for the less amount of light received from

each. Consequently, if the stars continued indefinitely so

would the total amount of light received from them, and

the heavens would be filled with a blaze as bright as the

sun. As such is not the case, the series must stop. Where
the stopping-point is, we cannot exactly say

;
but, so far as

we can judge from appearances, it can go little farther

than the count has thus far extended, except perhaps

in the Milky Way. We have therefore every reason to

believe that by an increase in the power of our telescopes

the number of new stars brought into view would begin to

diminish, thus showing the total number to be limited.

Hence we conclude that the universe of stars which we
study has some bounding limit. The question now is,

Can we form any conception of the limit and of the

arrangement of the universe within it ?

Direct observation of the apparent distribution of the

stars, irrespective of any question of their arrangement,

makes one feature of the universe certain. The stars

which compose it are not equally numerous in every

direction; a large majority lie in or near the zone of the

Milky Way. What follows from this fact may be readily

seen from Fig. 4, which we conceive to represent
Porm of ^ section of the universe by a plane perpendicu-
aaiverse. ^ the 'Milky Wsiy, S being the position of

the sun, which, for the moment, we may conceive to be

near the centre. Wliat we actually observe is that a

very large majority of the stars are contained within

the regions ASB and CSD, while the number contained

within the larger angles, BSD and ASC, is relatively

Fig. 4,

small. An indefinite number of arrangements, all con-

sistent with this fact, may be conceived
; but they are all

in some way intermediate between the following :

—

I. All, or at least the great mass of, the stars may be
contained between two planes, AC and BD, parallel to the
Milky Way. We see more stars in the region ASB and
CSD, because there is, so to speak, a greater depth of

stars there, while toward M and N we see only a com-
paratively thin stratum. This was the view developed first

by the elder Herschel and then by Struve in his iJtudes

d^Astronomie Stellaire,

II. The actual form of the universe may be spherical,

the galaxy being formed by a dense ring of stars around
the sphere.

III. The same hypothesis of a universe spherical in

general form may be made, but, instead of being a ring, the

galaxy is a number of clusters of stars mostly situated near

one central plane.

The hypothesis that the boundary of the universe is

spherical admits of being tested in a very simple way.
Were such the case, the stars would be equally numerous
throughout the regions ASC and BSD, the increase in their

number beginning only when we reached the boundary of

the Milky Way. But all the counts of stars yet made,
from the time of Herschel till now, show that the number
of stars per square degree continually increases from the

two poles of the galaxy to the galaxy itself. Moreover,

the rate of increase is as rapid as it would be if the bound-

ary of the universe were two planes parallel to the galactic

plane. Unless we make a very improbable hypothesis as

to the distribution of the stars around us, this fact must
lead us to the conclusion that we actually see to the limits

of the universe in all directions away from the galaxy.

For, if we did not, the increase in the number of stars in

the direction of the galaxy could not be so rapid as it is.

It would seem therefore that the first hypothesis of the

form of the universe, that of Herschel and Struve, must be

at least an approximation to the truth. But that it is not

the whole truth will be evident on farther consideration.

We have room only to state in the briefest way the

main facts, so far brought to light, on which our conclu-

sion must be based. Beginning with the region immedi-

ately around us, what evidence have we of the distribution

of the stars, especially of their tendency to condense in

the direction of the Milky Way? If we consider that
’ greater brilliancy of the stars imjjHes greater nearness to

us, then we should answer this question by considering

the relation of the brighter stars to the gakxy. It is a

remarkable fact that the condensation towards the galactic

zone begins with the brighter stars—we might even say

with those of the first magnitude—^though wo can hardly

conceive this to be anything else than the result of acci-

dent. From Schiaparelli’s maps of the distribution of the

stars visible to the naked eye, the position of the Milky
Way can be laid down with great exactness. But this
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does not show that the condensation in the plane of the

Milky Way begins with the nearest stars
;

it only shows

that some of the brighter stars are as far as the Milky

Way, and emphasizes the extraordinary difference in their

absolute brightness.

As we have already said, the proper motions of the

stars afford the best index to their distance. Now it is

a remarkable and suggestive fact that, when we make a

count of the stars of known proper motion in every

direction, we find them to be no more numerous in the

region of the Milky Way than elsewhere. It appears

therefore that the stars which compose the Milky Way are

outside the limits within which proper motion has been

detected, and that within these limits the stars are distri-

buted with a fair approach to uniformity. A careful look

at the Milky Way, especially the region south of Aquila,

will suffice to show that it suggests agglomerations of

stars rather than a continuous zone in which there is a

uniform distribution of the stars. Moreover, it seems that

our system is nearer to this part of the Milky Way than

to the opposite; in other words, we are not centrally

situated. It is a remarkable fact that in the intervals

between the brighter portions of the Milky Way, about

17 hours of right ascension and between 20° and 22°

of south declination, we have regions seveial degrees

square where the stars are comparatively few in number.
This IS in general true of the openings in this region. We
conclude from this that in the latter we have a phenomenon
distinct from that of merely increased star density arising

from greater depth. Our general conclusions as to the
structure of the universe may be summed up in these four
propositions :

—

1. The general form of the universe of stars to which
our sun belongs is that of a flattened cylinder, or

extreme oblate spheroid, as was supposed by Herschel
and Struve.

2. The phenomenon of the Milky Way is not due alone

to the fact that we see more stars in the equatorial regions

of this spheroid, but to the fact that this region is occupied

through its entire extent by a series of agglomerations of

stars, within which space is richer in stars than in the in-

terior where we are situated.

3. Our sun is situated near the central plane of the

spheroid, but eccentrically so as to be nearer the boundaiy
in a direction of perhaps 18 hours in right ascension,

between the equator and 50° of south declination.

4. It is possible, but not yet certain, that we are so

near the galactic stars in this region that we may soon be

enabled to discover a proper motion among them.

(s. N.)

Astropsilia.| classical Astj/palcea, an island with

good harbours, in the south part of the JEgean, situated in

36*5° N. lat. and immediately west of 26*5° E. long. The
Eoman emperors recognized it as a free state

;
and in the

Middle Ages it was called Stampalia, and belonged to the

noble Venetian family of Quirini. It was taken by the

Turks in the 16th century, and is now noted for its

sponges. The customs and dress of the people, who speak

a patois of romaic origin, are interesting.

Asua, R« See Nile.

Asuncidn, or La Asunci<(n, capital of the

Paraguay Republic, is situated on the left bank of the

Paraguay river, in 25° 16' 04" S. lat. and 57° 42' 40"

W. long. The population in 1887 was 24,838, but it

now exceeds 47,000, Railway communication has been

established with Pirap6, and the town is rapidly becoming
modernized. It is served by a tramway, has its principal

streets lighted by electricity, and is well supplied with

telephones. There are a National College, attended by
over two hundred students, a public library, and, in the

neighbourhood, an agricultural school with a model farm.

Near the town, too, are several breweries, tanneries, flour

mills, and factories for matches, soap, bricks, earthenware,

palm-leaf hats, etc. In 1890 the imports were valued at

$2,725,611 (gold), in 1899 at $2,147,838; exports were
valued at $2,901,589 in 1890 and $2,021,023 in 1899.
Both imports and exports fluctuate considerably in value.

In 1898 in the foreign trade only 418 vessels (mostly

liners ”) entered, and 408 cleared.

Atbara, R. See Abyssinia.

AtchiSOIli the capital of Atchison county, Kansas,
tJ.S.A., in 39° 34' N. lat. and 95° 8' W. long., on the

west bank of the Missouri. The river is navigable at
this point. The elevation on the river bank is 795 feet,

most of the city being situated at a higher level. The

city is divided into five wards, is regularly laid out,

supplied with water by pumping from Missouri river, and
is well drained. It is entered by four great railways,

the Atchison, Topeka and Santa Fe, the Chicago, Bui-

lington and Quincy, the Chicago, Rock Island and
Pacific, and the Missouri Pacific. It is the site of Midland
and St Benedict colleges. Founded in 1854, it at once

grew rapidly, and four years later it received a city

charter. Population (1880), 15,105; (1890), 13,963;

(1900), 15,722.

Ath, a town of Belgium, in the province of Hainaut,

on the river Bender, about 30 miles by rail from Brussels.

The tower of the church of Saint-Julien now lacks the

high spire for which it was noted, and the ancient Tour
du Burbant has become ruinous. Population (communal)

(1880), 9301; (1890), 9868; (1897), 10,646.

Ath£iba.SCSi {Athapescmu or Mk), a river of Alberta

and Athabasca districts, Canada, rises in the Rocky
Mountains in 52° 10' N. lat. and 117° 10' W. long., and
flows in a north-easterly direction into the lake of the

same name. It is 740 miles long and has a number of

important tributaries, including the McLeod, Pembina,

Lesser Slave, and Clearwater, Athabasca Lake is 195

miles long, W. to E,, from 20 to 32 miles wide, has an
area of 3085 square miles, and is at an altitude of 690
feet above the sea. ShaUow-draught steamers navigate

the lake and river and Lesser Slave Lake and River

with one interruption—^at Grand Rapids near the mouth
of the Clearwater river,

For Aihabasca district see North-West Territories.

Athenryi an inland town in the county of Galway,
Ireland, 14 miles E. of Galway, on the Midland Great

Western Railway. The old Dominican monastery was
extensively repaired by the Board of Works in 1893.

Population, 910.



ATHENS.

I.

—

Ancient Athens.

Recent investigation on scientific lines has thrown a
new and unexpected light on the art, the monu-

inents, and the topography of ancient Athens. Numerous
and costly excavations have been carried out by the
Greek Government and by native and foreign scientific

societies, while accidental discoveries have been frequently

made during the building of the modern town. The
museums, enriched by a constant inflow of works of art and
inscriptions, have been carefully and scientifically arranged,

and afford opportunities for ^stematic study denied to

scholars of the past generation. Improved means of

communication have enabled many acute observers to

apply the test of scrutiny on the spot to theories and con-

clusions mainly based on literary evidence
;

five foreign

schools of archaeology, directed by eminent scholars, lend
valuable aid to students of all nationalities, and lectures

are frequently delivered in the museums and on the more
interesting and important sites. The native archaeologists

of the present day hold a recognized position in the

scientific world
;
the patriotic sentiment of former times,

which prompted their zeal but occasionally warped their

judgment, has been merged in devotion to science for its

own sake, and the supervision of excavations, as weU as

the control of the art-collections, is now in highly com-
petent hands. Athens has thus become a centre of

learning, a meeting-place for scholars, and a basis for

research in every part of the Greek world. The attention

of many students has naturally been concentrated on the

ancient city, the birthplace of European art and hterature,

and a great development of investigation and discussion in

the special domain of Athenian archaeology has given

rise to a voluminous literature. Many theories hitherto

universally accepted have been called in question or

proved to be unsound : the views of Leake, for instance,

have been challenged on various points, though many
of the conclusions of that great topographer have been

justified and confirmed by modern research. The supreme
importance of a study of Greek antiquities on the spot,

long understood by scholars on the Continent and in

America, is gradually coming to be recognized in England,

where a close attention to ancient texts, not always

adequately supplemented by a course of local study and
observation, has hitherto fostered a peculiarly conservative

attitude in regard to the problems of Greek archaeology.

Since the foundation of the German Institute in 1874,

Athenian topography has to a large extent become a

speciality of German scholars, among whom Wilhelm
Dorpfeld occupies a pre-eminent position owing to his

great architectural attainments and unrivalled local

knowledge. Many of his bold and novel theories have

provoked strenuous opposition, while others have met with

general acceptance, except among scholars of the more
old-fashioned type.

Prehistoric Athens.—Numerous traces of the “My-
cenaean ” epoch have recently been brought to light in

Athens and its neighbourhood. Among the

ciiad^.^ monuments of this age discovered in the sur-

rounding districts are the rock-hewn tombs of

Spata, accidentally revealed by a landslip in 1877, and
the domed sepulc!^e at Menidi, near the ancient Acharnae,

excavated by Lolling in 1879. Other “ Mycenaean ” land-

marks have been laid bare at Eleusis, Thoricus, Halae, and
Aphidna. These structures, however, are of comparatively

minor importance in point of dimensions and decoration
;

they were apparently designed as places of sepulture for local

chieftains, whose domains were afterwards incorporated in

the Athenian realm by the ctwolklctiulos attributed to

Theseus. The situation of the Acropolis, dominating the

surrounding plain and possessing easy communication with

the sea, favoured the formation of a relatively powerful

state— inferior, however, to Tiryns and Mycenae
;

the

myths of Cecrops, Erechtheus, and Theseus bear witness

to the might of the princes who ruled in the Athenian
citadel, and here we may naturally expect to find traces of

massive fortifications resembling in some degree those of

the great Argolid cities. Such, in fact, have been brought
to light by the recent excavations on the Acropolis (1885-

1889). Eemains of primitive polygonal walls which
undoubtedly surrounded the entire area have been found
at various points a little within the circuit of the existing

parapet. The best preserved portions are at the eastern

extremity, at the northern side near the ancient “ royal
’’

exit, and at the south-western angle. The course of the

walls can be traced with a few interruptions along the

southern side. On the northern side are the foundations

of a primitive tower and other remains, apparently of

dwelling-houses, one of which may have been the ttvklvos

6o/ios ^Epex^ijos mentioned by Homer {Od. vii. 81).

Among the foundations were discovered fragments of

“Mycensean” pottery. The various approaches to the

citadel on the northern side—the rock-cut flight of steps

north-east of the Erechtheion, the stairs leading to the

well Clepsydra, and the intermediate passage supposed to

have furnished access to the Persians—are all to be
attributed to the primitive epoch. Two pieces of poly-

gonal wall, one beneath the bastion of Nike Apteros, the

other in a direct line between the Roman gateway and the

door of the Propylaea, are all that remain of the primitive

defences of the main entrance.

These early fortifications of the Acropolis, ascribed to

the primitive non-Hellenic Pelasgi, must be distinguished

from the Pelasgicum or Pelargicum, which

was in all probability an encircling wall, built

round the base of the citadel and furnished

with nine gates from which it derived the name of

Enneapylon. Such a wall would be required to protect

the clusters of dwellings around the Acropolis as well as

the springs issuing from the rock, while the gates open-

ing in various directions would give access to the sur-

rounding pastures and gardens. This view, which is that

of Curtius, alone harmonizes with the statement of

Herodotus (vi. 137) that the wall was “ around (Trcpt)

the Acropolis and that of Thucydides (ii. 17) that it was
“ beneath ” (utto) the fortress. Thus it would appear that

the citadel had an outer and an inner line of defence in

pre-historic times. The space enclosed by the outer wall

was left unoccupied after the Persian wars in deference to

an oracular response apparently dictated by military con-

siderations, the maintenance of an open zone being

desirable for the defence of the citadel. A portion of the

outer wall has been recognized in a piece of primitive

masonry discovered near the Odeion of Herodes Atticus
;

other traces will probably come to light when the northern

and eastern slopes of the Acropohs have been completely

explored. Leake, whom Frazer follows, assumed the

Pelasgicum to be a fortified space at the western end of

the Acropolis
;
this view necessitates the assumption that

the nine gates were built one within the other, but early
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antiquity furnishes no instance of such a construction

^
Pan to the sacred precinct of Asclepius. The well-know n

Dorpfeld believes it to have extended from the grotto of passage of Lucian (Fisoator 47) cannot be regarded as

V

dedsive for any of the theories advanced, as any portion Curtius and Milchhofer) the terraces of the Pnyx with the

of tjh,^ old moeiMe dismantled by the Persians may have wall of massive masonry supporting the lower
the name in later times, platform : the theory of these scholars, how-

* ^ *

, tte Pela^o era may also be referred (with ever, that the whole precinct was a sanctuary of the
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Pelasgian Zeus cannot be regarded as proved, nor is it

easy to abandon the generally received view that this was
the scene of the popular assemblies of later times, notwith-

standing the apparent unsuitability of the ground and
insufficiency of room for a large multitude. These diffi-

culties are met by the assumption that the Cyclopean
retaining-wall rose to a considerable height, supporting a
theatre-like structure capable of seating many thousand
persons. The pre-historic rock-dwellings in this neigh-

bourhood (the quarter of Melite) have been found to
|

extend to a considerable distance towards the S.E. in the

diiection of Phaleron.

The Hellenic Period.—While modern research has added
considerably to our knowledge of pre-histonc Athens, a
still greater light has been thrown on the architecture

and topography of the city in the earlier historic or
‘‘ archaic ” era, the subsequent age of Athenian greatness,

and the period of decadence which set in with the Mace-
donian conquest. We must here group these important

epochs together, as distinguished from the later period of

Eoman rule, and confine ourselves to a chronological

record of the principal discoveries by which they have
been illustrated in recent years.

In 1870, the Greek Archaeological Society undertook a

series of excavations in the Outer Ceiameicus which had
already been partially explored by various

o/rSearcfi Operations, which were carried

1870 74. on at intervals till 1890, resulted in the

discovery of the Dipylon Gate, the principal
Dipylon,

entrance of ancient Athens. The Dipylon
consists of an outer and an inner gate separated by an
oblong courtyard and flanked on each side by towers

; the

gates were themselves double, bemg each composed of two
apertures intended for the incoming and outgoing traffic.

An opening in the city wall a little to the south-west,

supposed to have been the Sacred Gate (i€/)a TrvXrj), was in

all probability an outlet for the waters of the Eridanus.

This stream, which has hitherto been regarded as the

eastern branch of the Ihssus rising at Kaesariane, has

been identified by Dorpfeld with a brook descending

fiom the southern slope of Lycabettus and conducted an

an artificial channel to the north-western end of the city,

where it made its exit through the walls, eventuallyjoining

the Ilissus. The channel was open in Greek times, but

was afterwards covered by Eoman arches
;

it appears to have

served as the main drain of the city. Between this outlet

and the Dipylon were found a boundary-stone, inscribed opos

K^papcLKov, which remains in its place, and the foundations

of a large rectangular building, possiblythe Pompeion, which

may have been a robing-room for the processions which

passed this way. On both sides of the Dipylon the walls

of Themistocles, faced on the outside by a later wall,

have been traced for a considerable distance. The ex-

cavation of the outlying cemetery revealed the unique

‘^Street of the Tombs’’ and brought to light a great

number of sepulchral monuments, many of which re-

main in situ. Especially noteworthy are the steles or

reliefs representing scenes of leave-taking, which, though

often of simple workmanship, are characterized by a

touching dignity and restraint of feeling. In this

neighbourhood were found a great number of 7th cen-

tury tombs containing pottery with geometric designs.

A considerable portion of the district remains unex-

plored.

Within the same period was carried out the complete

excavation of the Dionysiac theatre. The site, which had

The accurately determined by Leake, was
Dionysiac explored by Strack in 1862, and the researches
theatre. subsequently undertaken by the Greek Archaeo-

logical Society were concluded in 1879. It was not,

however, till 1886 that traces of the original Greek
orchestra were pointed out by Dorpfeld. The arrange-

ments of the stage and orchestra as we now see them
belong to Eoman times; the cavea or auditorium dates

from the administration of the orator Lycurgus (337-323

B.C.), and nothing is left of the theatre in which the plays

of iEschylus and Sophocles were acted, save a few small

lemnants of polygonal masonry. These, however, are

sufficient to mark out the circuit of the ancient orchestra,

on which the subsequently-bmlt proscenia encroached.

The oldest stage-building was erected m the time of

Lycurgus
;

it consisted of a rectangular hall with square

projections (TrapacrKrjVLo) on each side, in front of this

was built in late Greek or early Eoman times a stage vTith

a row of columns which intruded upon the orchestra space

;

a later and larger stage, dating from the time of Nero,

advanced still further into the orchestra, and this was
finally faced (probably in the 3rd century A.n.) by the

“bema” of Phsedrus, a platform-wall decorated with

earlier reliefs, the slabs of which were cut down to suit

their new position. The remains of two temples of

Dionysus have been found adjoining the stoa of the

theatre, and an altar of the same god adorned with

masks and festoons the smaller and earlier temple

probably dates from the 6th century b.c
,

the larger

from the end of the 5th or the beginning of the 4th
century.

Immediately west of the theatre of Dionysus is the

sacred piecinct of Asclepius, which was excavated by
the Archaeological Society in 1876-78. Here
were discovered the foundations of the celebiated

Asclepieion, together with several inscriptions

and a great number of votive reliefs offiered by grateful

invalids and valetudinarians to the god of healing. Many
of the reliefs belong to the best period of Greek art. A
Doric colonnade with a double row of columns was found to

have extended along the base of the Acropohs for a distance

of 54 yards
;
behind it in a chamber hewn in the rock is

the sacred well mentioned by Pausanias. The colonnade

was a place of resort for the patients ; a large building

close beneath the rock was probably the abode of the

priests.

The great excavations on the Acropolis, begun in

November 1885 and completed m December 1888, rank

among the most surprising achievements of -

modern research. The residts of these opera- ex^^ation
tions, which were conducted by the Archseo- of the

logical Society under the direction of Kavvadias

and Kawerau, must be summarized with the

utmost brevity. The great deposits of sculpture and

pottery now unearthed, representing all that escaped from

the ravages of the Persians and the burning of the ancient

shrines, afford a startling revelation of the development

of Greek art in the 7th and 6th centuries. Numbers of

statues—^among them a series of draped and richly-coloured

female figures— masterpieces of painted pottery, only

equalled by the Attic vases found in Magna Graecia and

Etruria, and numerous bronzes, were among the treasures

of art now brought to light. All belong to the archaic
”

epoch
;
only a few remains of the greater age were found,

including some fragments of sculptures from the Parthenon

and Erechtheion. Among the inscriptions now discovered

was a record of the gold and ivory bought for the great

statue of Athena Parthenos, which enables us to determine

the ratio of silver to gold in the age of Phidias. We are

principally concerned, however, with the results which add

to our knowledge of the topography and architecture of

I

the Acropolis. The entire area of the summit was now
thoroughly explored, the excavations being carried down
to the surface of the rock, which on the southern
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side was found to slope outwardb to a depth of 14

metres. In the lower strata were discovered the rem-

nants of Cyclopean or pre- historic architecture already

mentioned.

The foundations of the Parthenon were now for the first

time completely investigated, as well as the area of the

interior. The huge substruction, probably built

. under Cimon’s administration soon after the
a enon.

250 feet long by 105 feet

broad
;
it was designed for a longer and somewhat narrower

building than the Parthenon, the stylobate of which

measures 228 feet by 101. This earlier or Cimonian

temple, which was never finished, was of Pentelic marble,

with eight columns at the ends and nineteen at the sides

;

only some of the lower drums, which are unfluted, have

been found, and there is nothing to show that an upper

portion ever existed. With regard to the interior of the

E N S
Parthenon much controversy exists

; the western compart-
ment, which corresponds to the opisthodomos in other
temples, appears to have been the UapOcvoiv proper or
“maiden’s chamber,” and like the eastern compartment,
or “ Hekatompedon,” to have given its name to the whole
building; the arrangement and interpretation of the
sculptures have also been a fertile theme for discussion.

For details regarding the Parthenon and the older temple
the special authorities enumerated in the bibliography
should be consulted. In the deep interval between the
substruction and the south wall of the Acropolis ran a long
retaining-wall constructed for temporary use during the
building of the temple. The lower portion of the sub-
struction is believed by Penrose to have been the foundation
of the ancient “Hekatompedon ” destroyed by the Persians.

The name was subsequently applied to the cella or eastern

chamber of the Parthenon, which is exactly 100 feet

Plak of the Acropolis, Athens, (3y jpermissim of the ffellenic Society,)

Cyclopean Mjasonry.

long, and also became a popular designation of the temple
itself.

The ancient Hekatompedon, however, may in all prob-

ability be identified with an early temple, also 100 feet

The old long, the foundations of which were pointed out
temple of in 1885 by Dorpfeld on the ground immediately
Atbeaa. adjoining the south side of the Erechtheion.

On this spot was apparently the primitive sanctuary of

Athena, the rich temple (Trtwp vyjos) of Homer, in which
the cult of the goddess was associated with that of Erech-
theub {II, ii. 549) ;

the Homeric temple is identified by
Furtwangler with the “compact house of Erechtheus”
{Od. vii. 81), which, he holds, was not a royal palace but
a place of worship, and traces of it may perhaps be recog-

nized in the fragments of prehistoric masonry enclosed

by the existing foundations. The foundations seem to

belong to the 7th century, except 'those of the colonnade,
which was added possibly by Pisistratus. According to

Dorpfeld, this was the “ old temple ” of Athena Polias,

frequently mentioned in literature and inscriptions, in
which was housed the most holy image or ^oavov of the
goddess which fell from heaven; it was burnt, but not
OOmpletdy destroyed, during the Persian war, and some of

its external decorations were afterwards built into the

north wall of the Acropolis
;

it was subsequently restored,

he thinks, with or without its colonnade—^in the former

case a portion of the peristyle must have been removed

when the Erechtheion was built so as to make room for

the porch of the maidens
;
the building was set on fire in

406 B.C. (Xen. Hell, i. 6. 1), and the conflagration is

identical with that mentioned by Demosthenes (In Timocr,

xxiv. 155) ;
its opisthodomos served as the Athenian

treasury in the fifth and fourth centuries
;
the temple is

the dp)(aLos vews ttJs TloXidBos mentioned by Strabo

(ix. 16), and it was stDl standiag in the time of Pausanias,

who applies to it the same name (i. 27. 3). The conclusion

that the foundations are those of an old temple burnt by

the Persians has been generally accepted, but other portions

of Dorpfeld’s theory—^more especially his assumption that

the temple was restored after the Persian war—have

provoked much controversy. Thus J. G. Frazer maintains

the hitherto current theory that the earliest temple of

Athena and Erechtheus was on the site of the Erechtheion

;

that the Erechtheion inherited the name dpxct-'io^

from its predecessor, and that the “opisthodomos” in

which the treasures were kept was the west chamber of
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the Parthenon; Fnrtwangler and Milchhofer hold the

strange view that the “ opisthodomos ” was a separate

building at the east end of the Acropolis, while Penrose

thinks the building discovered by Dorpfeld was possibly

the Cecropeion. Curtius and J. W. White, on the other

hand, accept Dorpfeld's identification, but believe that

only the western portion of the temple, or opisthodomos,

was rebuilt after the Persian war. Admitting the identi-

fication, we may perhaps conclude that the temple was
repaired in order to provide a temporary home for the

venerated image and other sacred objects : no traces of a
restoration eisist, but the walls probably remained stand-

ing after the Persian conflagration. The removal of

the ancient temple was undoubtedly intended when the

Erechtheion was built, but superstition and popular feel-

ing may have prevented its demolition and the removal of

the ^oavov to the new edifice. The temple consisted of an
eastern cella with pronaos

;
behind this was the opistho-

domos, divided into three chambers—possibly treasuries

—with a portico at the western end. The peristyle, if we
compare the measurements of the stylobate with those of

the drums built into the wall of the Acropolis, may be
concluded to have consisted of six columns at the ends
and twelve at the sides.

The internal arrangements of the Erechtheion are stfil a
subject of controversy. The peculiar design of the temple

is attributable to the necessity imposed on the

tbeioiT^^"
architect of including within the building a
number of sacred places, and combining several

cults. Within its precincts Pausanias (i. 26. 5) found
altars to Poseidon, with whose worship that of Erechtheus

was associated, to the hero Butes and to Hephaestus, also

a well of salt water and the imprint of Poseidon’s trident.

Whether he also found here the ancient image of Athena
and her ever-burning lamp is open to doubt owing to the

vagueness of his language; he may mean to attribute

these objects either to the Erechtheion or to the old

temple adjoining it. If he places them in the Erechtheion

that name can strictly apply to only a portion of the

existing building, the remainder of the temple, which he
describes as “double,” being the “sanctuary of Athena”
(vaos rqs ILoXidBos) which he subsequently mentions. On
this assumption the eastern and larger chamber of the

Erechtheion has generally been identified with the shrine

of Athena Polias. The western chamber adjoining the

porch of the Maidens may possibly have contained the

tomb of Cecrops, and the altars mentioned by Pausanias

;

the identification of the rock-hewn cistern beneath the

pavement in this compartment with the salt well of

Erechtheus is very doubtful. The mark of the trident is

in the crypt beneath the north portico. The beautiful

north door of the temple is held by E. Gardner and E.

Schultz (Journal HelL Stud, 1891) not to be identical

with the original one, the present heavy door-jambs and
“the lintel being restorations.

The excavation of the Pandroseion or temenos of Pan-

drosos, the daughter of Cecrops, which adjoins the Erech-

Tbe Pan^ theion on the west, has revealed no traces of

aroseioa a temple. The site of this precinct, in which
and CbaU the sacred olive tree of Athena grew, has
cotbeke.

almost certainly fixed by an inscription

found in the bastion of Odysseus. At its north-western

-extremity is a platform of levelled rock which may have

supported the altar of Zeus Hypsistus. The excavation of

the ground immediately west of the Parthenon brought

to light the remains of a large rectangular building,

apparently fronted by a colonnade. This has been identi-

fied with the Chalcotheke, a storehouse of bronze imple-

ments and arms, which was formerly supposed to lie against

the north wall near the Propylaea, The site was hitherto
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erroneously believed to be the temenos of Athena
Ergane. The adjoining temple of Nike is proved by an
inscription found in 1896 to have been built before the

Propylaea.

During the course of the excavations on the Acropolis

the bastion built by the Greek chieftain Odysseus, to

protect the staircase leading down to the well

Clepsydra below the north-western cliff, was historic

demolished. The “ Tower of the Franks,” fflona-

an interesting remnant of the Middle Ages
which stood near the temple of Nike, had been taken

down in 1874, despite the protests of Freeman, Penrose,

and other scholars. The projected removal of the Turkish

minaret in the south-west corner of the Parthenon has

happily not been carried out
;

its preservation is essential

to the stability of the adjoining masonry.

In 1892 Dorpfeld began a series of excavations in the

district between the Acropolis and the Pnyx with the

object of determining the situation of the Bxcava^
buildings described by Pausanias as existing tions in

in the neighbourhood of "the Agora, and more i892~98.

especially the position of the Enneacrunus fountain. The
Enneacrunus has hitherto been generally identified with

the spring Callirrhoe in the bed of the Ilissus, a little

to the south-east of the Olympieion; it is apparently

placed by Thucydides (ii. 15) in proximity to that build-

mg, as well as the temple of Dionysus h Xi^vaLs and other

shrines which he mentions as situated to the south of the

Acropolis. On the other hand Pausanias (i. 14. 1), who
never deviates without reason from the topographical

order of his narrative, mentions the Enneacrunus in the

midst of his description of certain buildings which were

undoubtedly in the region of the Agora, and unless he is

guilty of an unaccountable digression the Enneacrunus
which he saw must have lain west of the Acropolis. It

is now generally agreed that the Agora of classical times

covered the low ground between the hill of the “ Theseion,”

the Areopagus, and the Pnyx
;
and Pausanias, in the course *

of his description, appears to have reached its southern

end. The excavations revealed a main road of surprisingly

narrow dimensions winding up from the Agora to the

Acropolis. A little to the south-west of the point where

the road turns towards the Propylsea was found a large

rock-cut cistern or reservoir which Dorpfeld identifies with

the Enneacrunus. The reservoir is supplied by a conduit

of 6th -century tiles connected with an early stone

aqueduct, the course of which is traceable beneath the

Dionysiac theatre and the royal garden in the direction

of the upper Ilissus. These elaborate waterworks were,

according to Dorpfeld, constructed by the Pisistratids in

order to increase the supply from the- ancient spring

Callirrhoe
;
the fountain was furnished with nine jets, and

henceforth known as Enneacrunus. This identification

has been hotly contested by many scholars, and the

question must still be regarded as undecided. An in-

teresting confirmation of Dorpfeld’s view is furnished by
the map of Guillet and Coronelli, published in 1672, in

which the Enneacrunus is depicted as a well with a

stream of running water in the neighbourhood of the

Pnyx. The fact that spring water is not now found in

this locality is by no means fatal to the theory : recent

engineering investigations have shown that much of the

surface water of the Attic plain has sunk to a lower level.

In front of the reservoir is a small open space towards

which several roads converge; close by is a triangular

enclosure of polygonal masonry, in which were found

various relics relating to the worship of Dionysus, a very

ancient wine-press (Xrjvos), and the remains of a small

temple. Built over this early precinct, which Dorpfeld

identifies with the Dionyseion h Xlfivais, or Lenseon, is a
S. I. — 96
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basilica-shaped building of the Roman period, apparently

sacred to Bacchus : in this was found an inscription con-

taining the rules of the society of the lobacchi. There is

an obvious difficulty in assuming that in the sense

of “marshes,” existed in this confined area, but stagnant

pools may still be seen here in winter. Another enclosure,

a little to the south, is proved by an inscription to have

been a sanctuary of the hitherto unknown hero Amynus with

whose cult those of Asclepius and the hero Dexion were

here associated
;
under the name Dexion, the poet Sophocles

is said to have been worshipped after his death. The
whole district adjoining the Aieopagus was found to have

been thickly built over. The remains of the Stoa Basileios,

in which the Archon Basileus held his court and the Areo-

pagus Council sat, were perhaps brought to light in the

winter of 1897-98, when the excavations were extended

to the eastern slope of the “Theseion” hill. Here was
found a rectangular structure resembling a temple, but

with a side door to the north : it possessed a portico of

six columns. The north slope of the Areopagus, where a

number of early tombs were found, was also explored,

and the limits of -the Agora on the south and north-west

were approximately ascertained. A portion of the main
road leading from the Dipylon to the. Agora was dis-

covered.

In 1896 excavations with the object of exploring the

whole northern and eastern slopes of the Acropolis were

The begun by Kavvadias. The pathway between

Grottoes the citadel and the Areopagus was found to be
of Pan and so narrow that it is certain the Panathenaic
Apollo

procession cannot have taken this route to the

Acropolis. On the north-west rock the caves known as

the grottoes of Pan and Apollo were cleared out : these

consist of a slight high-arched indentation immediately to

the east of the Clepsydra and a double and somewhat
deeper cavern a little farther to the east. In the first

mentioned are a number of niches in which irLvaK€s or votive

tablets were placed : some of these offerings, inscribed with

dedications to Apollo, have been discovered. The whole

Jocality was the seat of the ancient cult of this deity,

afterwards styled “ Hypakraeos,” with which was associated

the legend of Creusa and the birth of Ion. The worship
of Pan was introduced after the Persian wars, in con-

sequence of an apparition seen by Pheidippides, the

Athenian courier, in the mountains of Arcadia. Another
cave more to the west was revealed by the demolition of

the bastion of Odysseus. To the east a much deeper and
hitherto unknown cavern has been revealed, which Kavva-
dias identifies with the grotto of Pan. Close to it are a
series of steps hewn in the rock which connect with those

discovered in 1886 within the Acropolis wall. Farther
east is an underground passage leading eastwards tp a cave
supposed to be the sanctuary of Aglaurus

;
with this passage

is connected a secret staircase leading up through a cleft

in the rock to the precinct of the Errephori on the
Acropolis. It is conceivable that the priestesses em-
ployed this exit when descending on their mysterious
errand.

The Cynosarges, from earliest times a sanctuary o{

Heracles, later a celebrated gymnasium and the school

The Cyno^ Antisthenes the Cynic, has hitherto been gen-

sax:gesand erally supposed to have occupied the site of the
gymnasium Monastery of the Angels (Asonaati) on the eastern
ofHadrian,

Lycabettus; its situation, however, has
been fixed by Dorpfeld.at a point a little to the south of

the Olympieion, on the left bank of the Hissus. Here a
series of excavations, carried out by the British School in

1896-97 under the direction of Cecil Smith, revealed the

of an extensive Greek ^buildffig, the outlines

corroapopd with those a gymnasium ; it pos-
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sessed a large bath or cistern, and was flanked on two
sides by water -courses. An Ionic capital found here
possibly belonged to the palaestra. The identification

however, cannot be regarded as certain in the absence of
inscriptions. To the north-east were found the remains
of a very large rectangular structure of the Roman epoch,

bearing a striking resemblance in design and construction

to the “Stoa,” or Library of Hadrian, situated to the
north of the Acropolis: this may in all probability be
identified with the Gymnasium of Hadrian, the position of

which was hitherto entirely unknovm.
The Boman Feriod.—ThQ most important achievement

of recent research with regard to the Roman period has
been the uncovering of the new or Roman Agora. In
1890 and 1891 the ground immediately to the west
of the “Tower of the Winds” was excavated by the

Archaeological Society, and though the operations have
been interrupted, owing to the difficulty of expropriating

the neighbouring ovmers, the dimensions of the Agora
have been practically ascertained. It consisted of an open
square surrounded by an Ionic colonnade, into which
opened a number of shops or storehouses. The eastern

gate was adorned with four Ionic columns on the outside

and two on the inside, the western entrance being the

weU-known portico of Athena Archegetis. The whole
conclave may be compared with the enclosed bazaars or

khans of Oriental cities, which are usually locked at mght.

Immediately to the north of the new Agora is a vast

rectangular building of Roman date, the eastern side of

which was explored in 1885-86. A portion of its western

front, adorned with monolith unfluted Corinthian columns,

is still standing—^the familiar “ Stoa ” of Hadrian
;
another

well-preserved portion, with six pilasters, runs parallel to

the west side of .®olus Street. The interior consisted of

a spacious court surrounded by a colonnade of 100 columns,

into which five chambers opened at the eastern end. A
portico of four fluted Corinthian columns on the western

side formed the entrance to the quadrangle. This cloistered

edifice may be identified with the library of Hadrian men-
tioned by Pausanias; the gymnasium, which he tells us

also possessed 100 columns, being probably the building

discovered by the British School near the Hissus: the

books were, perhaps, stored in a square building which

occupied a portion of the central area. In 1883 the sub-

structure of the gigantic Ol3niipieion was excavated by

Penrose, who proved the correctness of Dorpfeld’s theory

that the building was octostyle
;

it possessed 104 Corinthian

columns, of which 48 stood in triple rows under the pedi-

ments, and 56 in double rows at the sides. Fragments of

Doric columns and foundations were discovered, probably

belonging to the temple begun by Pisistratus, the orienta-

tion of which differed slightly from that of the later struc-

ture. In 1898 the peribolos of the temple was excavated

without important results : it is to be hoped that the

stability of the columns has not been affected by the

operations. Numerous Roman mosaics and other remains

had already been fou];id in the adjoining public garden

over which the “ city of Hadrian ” extended. Excavations

round the monument of Philopappus on the Museion Hill

showed that the structure was nearly square, the curved

front still remaining being only a portion of the building.

On the Acropolis the foundations of the little circular

I
temple of Rome and Augustus were laid bare during the

I

excavations of 1885-88 : the temple was of white marble,

and had a peristyle of nine Ionic columns. An inscription

in bronze letters, attached in a.I). 61 to the eastern archi-

trave of the Parthenon, has been successfully recovered by

E. Andrews of the American school. The letters and the

nails by which they were fastened have disappeared, but

an ^accurate observation of the nail-marks enabled the
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shapes of the letters to be determined. The inscription

apparently records the erection of some monument by the

Athenians in honour of the emperor Nero.

The Parthenon escaped without serious injury from the

earthquakes of 1894. A piece of one of the drums of a
column on the north side fell to the ground

Raribeno^.
and a portion of one of the blocks in the archi-

trave of the opisthodomos. These injuries, how-
ever, fortunately attracted attention to the condition of the

building. A committee composed of Greek and foreign

architects was appointed to superintend the’ necessary

repairs, and the opinion of three distinguished authorities,

Joseph Durm, L. Magne, and F. C. Penrose, was invited. It

was wisely decided to abstain from any attempt at restora-

tion and only to employ new material when necessary for

the preservation of the existing remains. The repairs were
begun in 1896 under the supervision of the Greek architect

Balanos. It was found that several of the blocks in the

architrave of the opisthodomos were in a very defective

condition, probably owing to the action of fire at some past

time. One of these, which supported two slabs of the

Panathenaic frieze, has been replaced by new marble, and
the delicate operation of removing and readjusting the

sculptured slabs has been successfully carried out. Others

of the blocks have been carefully pieced a& well as some of

the capitals of the inner row of columns. The broken

lintel of the great western door will be replaced with a

large new stone, and the brick masonry which encumbers

the doorway will be removed. The operations, which were

interrupted by the war of 1897, will probably extend over

several years. It is proposed to clean out the crevices in

the upper parts of the building and to fill them with cement

or lead, special care being taken to prevent the percolation

of rain water. The Panathenaic frieze has already suffered

considerably from exposure to the weather. As the proposal

to remove the sculptures to a museum and to replace them
by casts will hardly be entertained, steps should be taken to

protect them against rain and also to render them accessible

to close inspection.

II. Modern Athens.

At the conclusion of the War of Independence, Athens was
little more than a village of the Turkish type, the poorly-built

M A houses clustering on the northern and eastern slopes
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Acropolis. The narrow crooked lanes of this

quarter still contrast with the straight, regularly laid

out streets of the modern city, which extends to the north-west,

north, and east of the ancient citadel. The greater commercial

advantages offered by Nauplia, Corinth, and Patras were out-

weighed by the historic claims of Athens in the choice of a

capital for the newly-founded kingdom, and the seat of govern-

ment was transferred hither from Nauplia in 1834. The new town

was, for the most part, laid out by the German architect Schaubert.

It contains several squares and boulevards, a large public garden,

and many handsome public and private edifices. A great number
of the public institutions owe their origin to the munificence of

patriotic Greeks, among whom Andreas Syngros and George

Averoff may be especially mentioned. The royal palace, designed

by Gartner, is a tasteless structure ; attached to it is a beautiful

garden laid out by Queen Amalia, which contains a well-preserved

mosaic floor of the Roman period ; the grounds, together with the

adjoining public garden, lie witliin the boundaries of the ancient

Hadrianopolis, or Novos Athenoe. On the S.E. is the newly-built

palace of the Crown Prince. The Academy, froin designs by

Hansen, is constructed of Pentelic marble in tbe Ionic style : the

colonnades and pediments are richly coloured and gilded, and may
perhaps convey some idea of the ancient style of decoration. Close

by is the University, with a colonnade adorned with painiangs, and

the Vallianean Library with a handsome Doric portico of Penteho

marble. The Observatory, ^hich is connected with the university,

stands on the summit of the Hill ofthe Nymphs ;
like the Academy,

it was erected at the expense of a wealthy Greek, Baron Sina of

Yienna. In the public garden is the 2appeion, a large building

Vith a Corinthian portico, intended for the display of Greek

industries ;
here also is a monument to Byron, erected in 1896.

The Bo^4, or parliament-house, possesses a considerable library.

Other pubfio buildings are the Polytechnic Institute, built by con-

tributions from ^eeks ofEpirus, the Iheatre, the Arsakeion (a school

for girls), theYarvakeion (a gymnasium or boys’ school), the military
school (o’xoX^ €{/e\Trid(ay)i and several hospitals and orphanages. The
Cathedral, a large modern structure, is devoid of architectural
merit, but some of the smaller, ancient, Byzantine chuiches aie

singularly interestingand beautiful. Among the private residen ces,
the mansion built by Dr. Schliemann, the discoverer of Troy, is

the most noteworthy
;

its decorations are in the Pompeian style.

The milseums of Athens are daily growing in importance with
the progress of excavation. They aie admirably arranged, and the
lemnants of ancient art which they contain have fortu- «
nately escaped injudicious restoration. The National
Museum, erected in 1866, is especially iich in archaic sculptures
and in sepulchral and votive reliefs. A copy of the Diadumenos of
Polycleitus from Delos and temple-sculptures from Epidaurus, and
the Argive Herseon are among the more notable of its recent
acquisitions. It also possesses the famous collection of prehistoric
antiquities found by Schliemann at Tiiyns and Mycenae, other
“Mycenaean” objects discovered at Nauplia and in Attica, as well
as the still earlier lemains excavated by Tsountas in the Cyclades
and by the Biitish School at Phylakope in Melos ; terra-cottas from
Tanagra and Asia Minor

;
bronzes from Olympia, Delphi, and else-

where, and numerous painted vases, among them the unequalled
white lekythoi from Athens and Eretiia. The Epigraphical Museum
contains an immense number of inscriptions airanged by H. G
Lolling and A. Wilhelm of the Austiian Institute. The Acropolis
Museum (opened 1878) possesses a siugulaily interestiilg collection

of sculptures belonging to the “archaic” period of Greek art, all

found on the Acropolis
;
heie, too, are some fiagments of the pedi-

mental statues of the Parthenon and several reliefs from its fiieze,

as well as the slabs from the balus,tiade of the temple of Nike. The
Polytechnic Institute contains a museum of interesting objects con-
nected with modern Greek life and history. In the Academy is a
valuable collection of coins superintended by Svorouos. Of the
private collections those of Schliemann and Earapanos are* the most
interesting : the latter contains works of art and other objects from
Dodona. There is a small museum of antiquities at the Pirseus.

A museum of casts of the Greek masterpieces in foreign collections

is much needed for the purposes of comparative study.

Owing to the numbers and activity of its institutions, both native
and foreign, for the prosecution of research and the encouragement
of classical studies, Athens has become once more an
international seat of learning. The GreekArchaeological ScJentific

Society, founded in 1837, numbers some distinguished

scholars among its members, and displays great activity
rufous,

ill the conduct of excavations. Important researches at Epidaurus
Eleusis, Mycenae, Am^clae, and Rhamnus may be numbered among
its piincipal undertakings, in addition to tbe complete exploration

of the Acropolis and a series of investigations in Athens and Attica.

The French Athens, founded in 1846, is under the scientific

direction of the Acadimie des Imcrvptions et Belles Lettres. Among
its numerous enterprises have been the extensive and costly excava-

tions at Delos and Delphi, which have yielded such remarkable
results. The monuments of the Byzantine Epoch have latterly

occupied a prominent place in its investigations. The Geiman
Archaeological Institute, founded in 1874, has carried out excavations

at Thebes, Lesbos, Paros, Athens, and elsewhere
; it has also been

associated in the great researches at Olympia, Pergamos, and Troy,

and in many other important undertakings. The British School,

founded in 1886, has been unable, owing to insufficient endowment,
to work on similar lines with the French and German institutions :

it has, however, carried out extensive excavations at Megalopolis

and in Melos, as well as researches at Ahae, in Athens (presumed
site of the Cynosarges), in Cyprus, and at Nauoratis. It has
latterly taken part in the exploration of Knossos and other important

sites in Ciete. The American School, founded in 1882, is supported

by the principal universities of the United States. In addition to

researches at Sicyon, Plataea, Eretria, and elsewhere, it has under-

taken two works of capital importance—^the excavation of the

Argive Herseon and the exploration of ancient Corinth. An
Austrian Archaeological Institute was founded in 1898.

Notwithstanding certain disadvantages inherent in its situation

the trade and manufactures of Athens have consideiably increased

in recent years. Industrial and commercial activity - - .

is mainly centred at the Piraeus, where 9 cloth and
cotton mills, 45 cognac. distilleries, 14 steam flour

mills, 5 soap manufactories, 13 shipbuilding and
engineering works, chair manufactories, tanneries, and a dynamite

factoryhave been established in recent years. The shipbuilding and
engineering trades are active and advancing. TKe export trade is,

however, inconsiderable, as the produce of the local industiies is

mainly absorbed by home consumption. The annual value of ex

ported coghac is about 1,400,000 francs, of rawhides about 700,000

francs. As a place of imi^ort, the Piraeus surpasses Patras, Syra,

and all the other Greek maritime towns, receiving about 53 per cent,

of all the merchandise brought into Greece. The principal imports

are coal, grain, manufactured articles, and articles of luxury. The
total value of exports in 1894 was 9,207,535 francs, of imports^
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The
Piraeus.

55,994,191 francs; no later figures hare been published* The

customs revenue in 1899 was 18,036,425 drachmas. The number

of ships entered and cleared in 1898 was 3866 with a tonnage of

3,449,895 tons, of which 217 with a tonnage of 284,865 tons were

British.

The Piraeus, which had never revived since its destruction by the

Romans in B.c. 86, was at the beginning of the last century a small

fishing village known as Porto Leone. When Athens

became the capital in 1884 the ancient name of its port

was revived, and since that time piers and quays have

been constructed, and spacious squares and bioad regular streets

have been laid out. The town now possesses an exchange, a large

theatre, a gymnasium, municipal buildings, and several hospitals

and charitable institutions erected by private munificence. The
harbour, ^in which ships of all nations may be seen, as well as great

numbers* of the picturesque saihng craft engaged in the coasting

trade, is somewhat difficult of access to larger vessels, but will be

improved by the construction of new breakwaters and dry docks.

The port and the capital are now connected by railway with Corinth

and the principal towns of the Morea : a line opening up com-

munication with Northern Greece and Thessaly is in process of

construction ;
its eventual connexion with the Continental railway

system will greatly enhance the importance of the Piraeus, already

one of the most flourishing commercial towns in the Levant.

The population of Athens has rapidly increased. In 1834 it was

below 5000 ; in 1870 it was 44,510; in 1879, 63,374 ;
in 1889,

107,251; in 1896, 111,486. The Piraeus, which in
• 1334. possessed only a few hundred inhabitants, in 1879

numbered 21,618 ;
in 1889, 84,327 ;

in 1896, 43,848.

The total population of Athens, Piraeus, Phaleron, and the suburbs

is now probably little short of 200,000.

Bibliography.—C. Wachsmttth. Die Stadt Athen im Alter-

thum, vol. i. Leipzig, 1874
;

vol. ii. part i. Leipzig, 1890.—E.
Burnottf. La mile et Vaarqpole (TAthenes aux diverses epoques.

Paris, 1877.

—

F. C Penrose. Friridples of AthenmTi archdecture,

London, 1888.

—

F. Gregorovhts. Geschickte der Stadt Athen im
Mittclalter. 2 vols. Stuttgart, 1889.—J. E. Harrison. Mytho-

logy arid monuments ofancient Athens. London, 1890.—E. CxjRTirs

and A. Milchhofer. StadtgeschvMe uoti Athen, Berlin, 1891,

—

H. Hitzig and H. Blumner. Pausanias (text and commentary),

vol. i, Berlin, 1896.—J. G. Frazer. Pomamas (translation and
commentary). 6 vols, London, 1898, (The commentary on
Pausanias’ description of Athens, contained in vol. ii. with supple-

mentary notes in vol. v., is an invaluable di^st of recent researches).

— Omont. Athenes au XVII. Siecle. Paris, 1898. (Plans and

views of the town and acropolis and drawings of the sculptuies of
the Parthenon).—J. H. Middleton and E. A. Gardner. Plans
and drawings of Athenian huildings. London, 1900.—W. Judeicr.
Topographic Don Athen, Munich. (In preparation, forming vol. in.
part n. second half, in 3rd edition of I. von Muller’s Eandbuch der
Iclass, Alterthumswissemchaft. The corresponding volume in the
edition of 1889, by H. G. Lolling, is still of great value). For the
Acropolis, see A. Botticher. Die Akropolis wn Athen. Berlin
1888.—0. Jahn. Pausanice descriptio arms Athenarum, Bonn*
1900.—A. Furtwangler. Masterpieces of Greek sculpture (appen-
dix). London, 1895.—A. Milchhofer. Ueber die alien Burg>
heiligthumer m Athen. * Kiel, 1899.—For the Parthenon, A.
Michaelis. Der Parthenon. Text and Plates. Leipzig, 1871.-^
L. Magne. Le Parthenon. Paris, 1895.—J. Durm. DerZustand
der antiken athenischen Bauwerke, Berhn, 1895.—F. C. Penrose
in Jonmal ofRoyal Institute of British Architects for 1897.—N, M.
Balanos in ^^(prjfiepU KvpepvijaeQjs. Athens, August 25,
1898.—For the Dionysiac Theatre, A. E. Haigh. The Attic
Theaire, Oxford, 1889.—W. Dorpfeld and E, Reisch. Das
Griechische Theater. Athens, 1896.—For the “Theseion,”B. Sauer.
Das sogenannte Theseim. Leipzig, 1899.—For the Piraeus, E. 1.

Angelopoulos. Hepl Iletpaiws Kal rOiV XipAvtiiv abrov. Athens
1898.—For the Attic Demes, A. Milchhofer. Untersuchungen
uber die Demenordnung des Kleisthenes. (In Transactions of Beilin
Academy). Berlin, 1892.—Pauly-Wissowa. Real-Encyclopadie
der Mass. Alterthumsuoissenschaft^ vol. ii 2, article “Attika,”
Stuttgart, 1896.—^For the controversies respecting the Agora, the
Enneacrunus and the topography of the town in general, see W.
Dorpfeld, passim in Athenische Mitteilungen.—C. Wachsmuth.
“Neue Beitrage zur Topographie von in Abhandlungen
der sachsischen Gesellschaft der Wissenschaften. Leipzig, 1897.

—

A. Milchhofer. ‘
‘ Zur Topographie von Athen, ” in Berlin Philol.

Wochenschrifty 1900, Nos. 9, 11, 12.—^For the Byzantine period,

August Mommsen. Athence Christianoe. Leipzig, 1868.—^Perioffical

Literature. Mittheilungendeskais.deutsch. arch. Instituts. Athens,
from 1876. Bulletin de correspondance helUniquej Athens, from
1877. Papers oftheAmerican School. New York, 1882-1897.

of the British School. London, from 1894. Journal of Eellenic

Studies. London, from 1880. American Journal of Archaeology.
New York, from 1885. Jahrbuch des kais. deutsch. arch. Instituts.

Berlin, from 1886. The best maps are those in Die Karten wn
Attika^ published with explanatory text by the German Archaeo-

logical Institute, Berlin, 1881. See also Baedeker’s Greece^ London,
1894; Murray’s Greece and the Ionian Islands^ London, 1900.

Guide Joanne, vol. i. AtJi^s et ses enmrons, Paris, 1896.

(j. D. B.)

AthenSi a city in the northern part of Georgia,

tr.S.A., and capital of Clarke county
;
altitude, 680 feet.

It is entered by several railways, and has extensive and

growing manufactures, largely of cotton. It is the site

of the University of Georgia and of the Lucy Cobb
Institute. Population (1880), 6099

; (1890), 8639 ;

(1900), 10,245.

AthertOlli or Chowbent, a township in the Leigh
parliamentary division of Lancashire, England, 13 miles

W.N.W. of Manchester by rail. A new churcb has been
built and another rebuilt. There is a volunteer hall.

Population of urban district in 1881, 12,602; in 1891,

15,833. In 1894 part of the township and urban district

was transferred to the urban district of Leigh. Popula-

tion (1891), on area thus altered, 13,720; (1901), 16,211.

Athletic Sports.— Since 1875 the number of

athletic meetings held throughout the United Eangdom
has continued to increase, and the number of amateur
athletes has become very much greater. The most notice-

able feature of the increase during this period is that the

movement has spread from the “ classes to tbe “ masses.”

Except at the universities, public schools, and military

colleges, where running and jumping
^
competitions are

still carried on with the greatest zest, and retain their

social prestige, and in London, where the London Athletic

Club stiH continues to attract members of good standing,

throughout the rest of the country the great majority of

aibletes who compete at meetings are not drawn from the

tl0)er or middle classes as was the case twenty or thirty

ago. The form of competitions has hardly varied at

aU, the competitions at what are called athletic sports, in

the limited sense of the word “ athletic,” being running at

short, middle, and long distances, hurdle races, jumping
(high and long), weight-putting, and hammer-throwing.
The two last named have been falling into desuetude in

most parts of England, though still carried on in Scotland

and Ireland. A new feature is the increase of what are

called steeplechases

—

i.e., long-distance races over hurdles,

water jumps, and other obstacles. A two-mile steeple-

chase was introduced into the programme of the amateur
championship meeting in 1879. Since 1880 the entire

management of the amateur championship meeting has

been in the hands of a representative body called the

Amateur Athletic Association. It is divided into three

branches—a northern, midland, and southern—and its

general committee manages an annual championship meet-

ing, issues laws, and governs the sport in the same manner
as the Jockey Club governs horse-racing, No meeting

can be held without the licence of this body, which also

licenses the handicappers who allot the starts in open events.

The definition of an amateur adopted by this body is

wide, and only excludes those who have competed for

money or against a professional pedestrian. There are

similar bodies which work under identical rules in Scotland

and Ireland. The standard of excellence continues to

improve. A carefully-tabulated set of British records is

kept by the Amateur Athletic Association, and a copy is

appended below. This list is confiued to performances

done in the United Kingdom.
Another feature of the progress of athletic sports

is the growth of the movement in the United States
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of America, and particularly in the colleges of that

country (see below). A party of American athletes took

part in the English Championship meeting of 1900 and

won the majority of the events, being conspicuously

the superiors of the Englishmen in the short -distance

races. Indeed, the American records of every distance

up to and including half a mile are slightly better than

the English. In the longer distances the Englishmen

seem more than able to hold* their own.

Except at the universities all the athletic meetings in

England are now held in the summer months. During

the winter the athletes occupy themselves with paper-

chases and cross-country races. There are many scores of

paper - chasing clubs throughout the country, and the

popularity of cross-country running seems to be steadily

upon the increase. The only other remaining feature in

connexion with athletic sports which requires chronicling

is the new method of starting in sprinting or short-

distance races. The runner bends down and rests his

hands lightly on the starting mark, and no longer “toes

the scratch.” When the pistol fires he pushes off from

his hands and raises himself gradually in the first stride

or two. There is no doubt that this is the quickest

method of starting, and it is now almost universal.

Amateur Athletic Association Eecords.

Running.

Distance Name.
Record made by

Time Date

Yards i H. M s

r A. Wharton . 3 July 1886
0. A. Bradley 1 July 1893

100 ^
A. R. Downer
R W. Wadsley

10
4 May
2 July

1896
1898

F. W. Cooper 2 July 1898

C. R. Thomas 1 8 March 1890

W. P. Phillips r 25 March 1882

120 J C. A. Bradley
\

IIH 28 April

11 May
1894

A. li. Downer [
1895

1120 Hur. Godfrey Shaw 6 July 1895

150 r C G. Wood .

C. J. Monypenny
21 July
27 Feb.

1887
1892

E. H. Pelling
] i

28 Sept. 1889

200 J A. R. Downer 19# i
11 May 1895

i
G. Jordan J 1 16 March 1896

220 C. G. Wood . 21# 25 June 1887

300 3H 21 July 1887

440 H
f H. 0. L. Tindall \ 48# {

20 June 1889

E. C. Bredin. / 22 June 1896
^440 Hur. T. Donovan 57# 13 June 1896

600 E. C. Bredin . 1 111 10 June 1893

880 F. J. K. Cross 1 54^ 9 March 1888

1000 W. E. Lutyens •1 2 14| 5 July 1898

1320 Alec. Nelson . 3 111 26 Aug. 1899

Miles.

1 F. E. Bacon . 4 17 6 July 1895

li S. Thomas . 6 534 13 May 1893

2 W. G. George 9 17| 26 April 1884

3 S. Thomas . 14 24 3 June 1894

4 E. 0. Willeis 19 334
534

10 June 1894

5 S. Thomas . 24 24 Sept. 1893

6 j»
30 in 22 Oct. 1892

7 35 364
8 W. G. George 40 674 28 July 1884

9 9 ;
46 12 7 April 1884

10

S. Thomas .

61 20
22 Oot”12 1 2 43 1892

15
5 ^

* 1 22 154* JJ

20 G. Crossland. 1 51 54 22 Sept. 1894

25 G. A. Dunning 2 33 44 26 Dec. 1881

SO J, A. Squires 3 17 364 2 May 1885

40 G. A. Dunning 4 60 12 26 Dec. 1879

50 J. E. Dixon . 6 18 264 11 April 1885

100 No records.

1 On grass.

^ Hurdle race on grass, over ten 3 ft. hurdles not less than thirty

yards apart.

Walking,

Distance Name.
Record made by

Time. D^to

Miles H M s

1 W. J. Sturgess 6 33‘ 26 Sept. 1896

2 13 244 10 July 1897

3 21 14 3 July 1897
4 28 24| f>

5 it 36 27 19 Oot 1895
6 it 43 68»

ft

7 51 27
8 58 56

9 1 9 31.^ 3 Oct. 1896
10 if 1 17 sst ff

11 i f 1 25 53| ff

12 1 34 34 23 Oct- 1897

13 1 42 59.
14 J. Butler 1 52 18^ 23 Oct. 1897
15 2 0 43.i

ff

16 it 2 9 39 ft

17 it 2 18 561 ft

18 if • 2 28 52 a
19 »> • 2 39 a

20 1
**Tom Griffith . 2 47 52 3 Deo 1870
J. Butler 2 49 26 23 Oct. 1897

21 2 59 m JJ

25
j

W. E. N. Coston 3 53 35 27 Dec. 1880

30 »>

*'A. W. Sinclair

4 46 52 ft

40
[

6 38 3 14 Nov. 1879

J. A. McIntosh 7 1 44 2 Oct 1886

50
[

•»A. W, Sinclair 8 25 254 14 Nov. 1879

J A. McIntosh 8 52 25'' 2 Oct. 1836

75 ®A. W. Sinclair 14 10 0 27 Aug. 1881

100 J
fS 19

«
41 50

i

)

T'lme Recoi'cls,

Event Name
|
pittance.

Record made by
Date.

2 hours’ run .

1 hour walk
3 hours’ walk .

12 „ . .

London (Westminster
Clock Tower) to

Brighton (524 miles)

(walk)

G. Ciossland

W. J. Sturgess .

J. Butler .

A. W. Sinclair .

E, Knott

M IDS.

204
8 270

21 49
64 180

H M S

8 56 4i

22 Sept 1894
19 Oot. 1895
23 Oct 1897
27 Aug. 1881

10 April 1897

Odd Events.

Event.
Name

Record made by
Distance Date.

High jump
Pole jump
Long jump ^

Putting the shot (16

Ib)

Throwing the ham-
mer (16Ib)

P. H. Leahy
R. D. Dickenson

.

W. J. M. Newburn
D. Horgan

.

IT IN

6 4i
11 9

24 Oi
46 54

6 Sept. 1898
1891

16 July 1898
16 Aug. 1894

T. F. Keily 151 11 25 July 1898

(m. s.)

United States .—^The American adopted all his sports,

except base -ball, from the English
;

but, as in

the case of American political institutions, while the

origins have been English the genius of the people has

determined the lines of development. All forms of

athletic contests tend in America to become shorter

and more intense. The national game of base-ball, for

instance, is nervous and rapid in its movement, as

compared with cricket. A base-ball contest is decided

in two hours, as against the day or more required for

a game of cricket
;
and instead of the two long innings

® lu matches against time.

^ P. O’Connor jumped 24 ft. llj in. at Kilkenny, 16th July 1901.
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there are nine short innings, in the course of which the Professional sport is limited to leagues of base-ball teams
score may be half-a-dozen times reversed. Again, in representing the great cities

;
and the main cultivation of

American football, which developed from the Rugby amateur sport outside the universities is in the great athletic
Union game, the contrast is equally striking, the Amen- clubs which are now to be found in many of the large cities,

can game having developed a thoroughly-planned and These clubs differ from such organizations as the London
dramatic series ot manoeuvres often of much complexity. Athletic Club in that they maintain large club-houses
In track and field athletics the performances of Americans which, in addition to expensively equipped gymnasiums*
are as excellent in aU contests requiring a single bur%t of have luxurious lounging rooms, billiard rooms, and marble
nervous energy, such as sprinting, hurdling, and jumping, swimming baths. The ruling spirit is social rather than
as those of English athletes are in the longer runs. It athletic. They have been strongly influenced by university

was not until shortly before the Civil War (1861-65) that sportsmen and sports, but the university element has never
there seemed to spring up something of athletic interest been dominant. The sports most successfully pursued are
in America—^boating being almost the only sport which track and field athletics. Those sports which require more
until that time possessed any rules and permanent organi- extensive organization and preparation, such as base-ball

zations. But the period of the war interrupted what football, and rowing, are practised with indifferent success,

might have been a speedy development along English The oldest and most characteristic development of sport

lines. After peace was established, athletics appea,red to has been, as in England, in the universities, but even the
take root once more, and in the succeeding decade (1870- percentage of men engaged has not been large. Whereas
79) there was a rapid increase in general organization and in England almost 80 per cent, of the undergraduates
interest. Rowing, which had been less interrupted during engage in some athletic pastime, the percentage of Ameri-
the war, and had had a longer existence than the other can undergraduate athletes had not until the closing

sports, came once more into prominence, and especial decades of the 19th century exceeded 20; and even in

interest was added by the inter-collegiate regattas and by those universities in which athletics are most enthusi-

the centennial races (1876). Eootball was stiU in a asticaUy pursued, the percentage is not yet even *40. This
chaotic stage, but the year 1876 saw the inauguration of is in part due to the intensity characteristic of sports, and
the Rugby Union rules, and with them the beginning of in part to the lack'of that athletic rivalry within the uni-

football as it is played to-day in the United States, versity, and the consequent multiplication of contests,

Ease-ball had for some half-dozen years been decidedly which is afforded in England by the division of the uni-

successful in the colleges, and among both amateurs and versity into colleges. Whereas an English Varsity crew is

professionals outside. Track athletics, which had hitherto content to row together for a month or two, the candidates

been only incidental to college boat-racing, had now made tor an American crew that is to race in July usually train *

an independent place for itself. Thus in 1876 the four in a gymnasium through the greater part of the preceding

principal American sports had begun to push forward winter. And whereas in England football teams rely on
along the lines which were followed during the next practice games and a fevr informal “ squashes,” an Ameri-
quarter of a century. . can team, in addition to one or two practice games a week,

In rowing, since the introduction of eight-oared shell works hard every afternoon in developing complicated

racing over a four-mile course, there has been but little “ plays ” and in perfecting team work,

variation, this distance and this number of oars proving The methods of training and the spirit of sportsman-

the most satisfactory. Upon several occasions there has ship have shown a very characteristic development. Owing
been an agitation in favour of shortening the distance or partly to the extremes of the climate and the severity of

of altering the methods in one way or another, but the nervous tension induced by it, and partly to the lack of

movement has not met with more than temporary favour, more general participation in sports, the training has

In football the growth has been most rapid and most dis- become in all instances more elaborate and more thorough

tinctly American—^though here the rules adopted originally than in England, and the winning of athletic victories is

were those of the Rugby Union—^and at first there was no considered of more importance. Rivalries have been, and
legislation save where the rule failed specifically to cover stiU are, of great intensity. At the same time the atMetic

a disputed point, and where there was only tradition to be spirit has run into grave excesses. All college teams have

relied upon. But with the growth of the game rule- at one time or another been under strong and well-founded

making became necessary, and the inventive genius bf the suspicion of inducing athletes to play for them by improper

American player developed special “ plays ” and formations means. Excessive partisanship has involved excessive

until now the game is almost as distinctly American as training, crafty diplomacy in arranging games, and trick-

base-ball. Track athletics had a very small beginning, ery. All of the objectionable features have been intensi-

but was taken up by an increasing number of colleges
;

fi.ed by the fact that the great games have often been held

more events were added, and greater interest was developed, in the cities, where they are apt to take on the character

until it grew in the last twenty years of the 19th century of public gladiatorial contests. In the closing decade of

into a well-equipped and permanent branch of amateur the 19th century a marked reaction began. The publicity

sport. In fact, there is no branch which has as much attending university sports gave occasion for a vigorous

strength among athletic clubs outside the colleges protest against all forms of unsportsmanship, and the

as track athletics. The new sports since 1875 are members of the university faculties now exercise a strong

bicycling, tennis, and golf, together with the minor and, in many cases, a wise supervision.? Except in occa-

sports of basket bah, hockey, and polo. » Tennis has sional instances, for which individuals only are responsible,

both waxed and waned in the same period, but is now the representatives of the eastern universities are amateurs

once more gaining in popularity, and bids fair to secure in the full sense of the word
;
and in the western univer-

and maintain a permanent place. Grolf has withdrawn sitieS, where the development of sports was very sudden,

many from the tennis ranks, and is probably as widely and was attended by flagrant abuse, wise counsels prevail,

engaged in to-day as any sport in the country, largely The spirit of moderation has been strongly abetted by the

owing to the fact that it can be played by individuals who abandonment of the old league championships in favour of

have passed the age for the more violent athletic sports. independent meetings between one college and another
;
and

In the country at large the percentage of men who this practice in turn tends to limit inter-university games

in athletic pastimes has been almost inappreciable, to university grounds. The rapid increase, moreover, in



A THLONE —ATLANTA 767

the popularity of minor sports has drawn ever-increasing

numbers of men into active competition, and there is a
strong tendency to develop contests within the university.

On becoming more general, the athletic spirit has become
less intense. Though American sports will doubtless

always retain the peculiar strenuousness of the American
character, the influences controlling them are becoming
more and more representative of the best spirit in American
life.

The American amateur lecords for the events most commonly
competed foi in track and field athletics are as follows :

—

Walking,

Jumping, standing high, without weights . . 5 feet 4 inches

,,
running high, without weights . . 6

„ ninnmg long, without weights . . 24
Pole vault for height.... 11

Throwing the hammer, 16 fb. head (thrown hy
both hands from a mark ; handle 4 feet long) 113

Ditto from circle . . ... 175
Putting the shot, 16 Ib . 47

100 yards sec.

220 „ 21i „
440 „ ... 47 „
880 „ 1 min 53^ ))

1 mile 4 „ 15? „
3 miles 14 „ 24 „
1 mile . 6 29? „

120 yards (five hurdles, 3 ft. 6 in. high) 151 „
220 ,j (ten hm dies, 2 ft. 6 in. high) 23. „

lOi

11

(W. Ca)

Athionei a market town and urban sanitary dis-

trict in the county of Westmeath, province of Leinster,

Ireland, on both sides of the river Shannon, 76 miles

west of Dublin by rail. It ceased to be a parliamentary

borough in 1885. In 1898 the portion situated in

Eoscommon was added to Westmeath. A woollen mill

has been recently established, in addition to the already

existing factory. Population (1881), 6755; (1891),

6742; (1901), 6617.

Athol, a town of Worcester county, northern Massa-
chusetts, U.S.A., having an area of 35 square miles. Its

surface is quite irregular and hilly. The village of Athol
is on the Miller river, at an altitude of 556 feet, and is

entered by two railways, the Boston and Albany and the

Fitchburg. The plan of the village is quite irregular.

Athol was incorporated in 1762. Population (1880),

4307; (1890), 6319; (1900), 7061.

Atho$, the most easterly of three peninsulas of

Turkey in Europe, projecting at its south-western ex-

tremity into the iEgean Sea. The north-western border

is about 50 miles S.E. of Salonica, to which there is a
bridle-path. The peninsula takes its name from Mount
Athos (6350 feet), the extreme summit of a chain of

heights occupying the peninsula ; and on account of the

number of religious houses, now totalling about 1000, it

is also known as “the Holy Mount.” None but males

are allowed access to the peninsula, and all the inhabitants

are Christians, with the exception of one Turkish officer.

The recluses number about 3000, with 3000 servants.

Authorities.—Rilet. Athos, or the Mountain of the Monks.
London, 1887.

—

Brookhaus. Die Kunst in den Athos-Klostem.
Leipsic, 1891.

—

^Lambros. Qatalogue of the Greek Manus<yirvpts on
Mourd Athos. Oambridge, vol. i., 1895 .—^Meter. Die Hauptnr-
hurdenfur die GeschvMe der Athos-Klostem. Leipsic, 1894.

Atkinson, Major the Hon. Sir Harry
Albert, KC.M.a (1831-1892), British colonial

statesman
;
prime minister and Speaker of the legislative

council, New Zealand; was born at Chester in 1831, and
in 1856 emigrated to Taranaki, New Zealand, where he
became a farmer. In 1860 the Waitara war broke out,

• and from' its outset Atkinson, who had been selected as a

captain of the New Plymouth Volunteers, distinguished

himself by his contempt for appearances and tradition,

and by the practical skill, energy, and courage which he

showed in leading his Forest Rangers in the tiresome

and lingering bush warfare of the next five years. For

this work he was made a major of militia, and thanked

by the Government. Elected to the house of repre-

sentatives in 1863, he joined Sir Frederick Weld’s ministry

at the end of November 1864 as minister of defence,

and, during eleven months of office, was identified with

the well-known “self-reliance” policy, a proposal to

dispense with imperial regulars, and meet the Maori

with colonials only. Parliament accepted this principle,

but turned out the Weld ministry for other reasons. For
four years Atkinson was out of parliament

;
in October

1873 he re-entered it, and a year later became minister

of lands under Sir Julius Vogel. Ten months later he

was treasurer, and such was his aptitude for finance

that, except -during six months in 1876, he thence-

forth held that post whenever his party was in power.

From October 1874 to January 1891, Atkinson was only

out of office for about five years. Three times he was
premier, and he was always the most formidable debater

and fighter in the ranks of the Conservative opponents

of the growing Radical party which Grey, Stout, and
Ballance led in succession. It was he who was mainly

responsible for the abolition of the provinces into which

the colony was divided from 1853 to 1876. He repealed

the Ballance land-tax in 1879, and substituted a property-

tax. He greatly reduced the cost of the public service in

wl880, and again in 1888. In both these years he raised

the customs duties, amongst other taxes, and gave them
a quasi-protectionist character. In 1880 he struck 10

per cent, off all public salaries and wages
;
in 1887 he

reduced the salary of the governor by one-third, and the

pay and number of ministers and members of parliament.

By these, resolute steps revenue was increased, expenditure

checked, and the colony’s finance reinstated. Atkinson

was an advocate of compulsory national assurance, and the

leasing as opposed to the selling of crown lands. Defeated

in the general election of December 1890, he took the

appointment of Speaker of the legislative council. There,

while leaving the council chamber after the sitting of

28th June 1892, he was struck down by heart disease,

and died in a few minutes. Though brusque in manner,

and never popular, he was esteemed as a vigorous, upright,

and practical statesman. He was twice married, and
had seven children, of whom three sons and a daughter

survived him. (w. p. R.)

Atla.nta.| the largest city of Georgia, TJ.S.A., capital

of the state and of Fulton county. It is situated in the

northern part of the state, in 33° 45' N- lat. and 84° 24'

W. long., at an altitude of 1050 feet. Its mean annual

temperature is 62°, and the annual rainfall is 45 inches.

The city is regularly laid out, is divided into seven wards,

is supplied with water by the Holly pumping system, and
is well drained and paved. It is one of the principal

railway centres of the south, being entered by six rail-

ways, the Atlanta and West Point, the Central of Georgia,

the Georgia, the Seaboard Air Line, the Southern, and the

Western and Atlantic, which meet at a union depot.

Amongst several institutions for higher education are the

Atlanta Baptist College, Atlanta University, Morris Brown
College, and the State Normal School of Technology. Of
its newspapers the Atlanta Ctmstilnitim is well known
throughout the Union. Among the many fine buildings

of the city the State Capitol, erected at a cost of

$1,000,000, should be mentioned. Atlanta is probably

the most progressive city of the south, having made vast

strides during the past generation. In 1890 it had 410
manufacturing establishments of all kinds, employing
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$9,500,000 of capital, and 8684 persons. Chief among
these were cotton manufactories, in which $1,900,000 were

invested, and foundries and machine shops, with nearly

$1,000,000. Lumber and furniture factories are also of

great importance. The assessed valuation of property,

real and personal, was, in 1899, $52,240,058, the tax rate

$21.60 per $1000, and the indebtedness of the munici-

pality $2,808,910. The death-rate, 23*01 per 1000, is

enhanced by the large* proportion of negroes among the

population. Since the Civil War, which practically

destroyed it, the city has grown with great rapidity.

Population (1880), 37,409; (1890), 65,533; (1900),

89,872, of whom 2531 were foreign-born and 35,912 were

negroes.

Atla^ntiCy capital of Cass county, Iowa, U.SA.,
situated on the East Nishnabotna river, at the intersection

of the Chicago, Eock Island, and Pacific railway with a

branch of the Chicago, Burlington, and Quincy railway.

Population (1890), 4351 ; (1900), 5046.

Atlantic Cityi a city of Atlantic county. New
Jersey, U.S.A., situated in 39° 22' N. lat. and 74° 26'

W. long., on a sand-bar running parallel with the coast,

and separated from the mainland by a strip of marsh
about five miles in breadth. The city is but slightly

elevated above tide-level, is regularly laid, and is divided

into four wards. Water is supplied by pumping, the

water-works being privately owned. It is a popular

seaside resort both in summer and winter, especially

with dwellers in Philadelphia, with which city it is

connected by two railways, the Atlantic City (Phil-

adelphia and Beading system) and the West Jersey and
Seashore (Pennsylvania system). It is a city of hotels

and boarding-houses, and in the summer season has a

large floating population, estimated at 100,000. The first

settlement was made about 1783, and the place received

a city charter in 1852. Population (1880), 5477
; (1890),

13,055 ; (1900), 27,838.

Atlantic Ocean.—The Atlantic Ocean forms a

belt of water, roughly of an S-shape, between the western

coasts of Europe and Africa and the eastern coasts of

North and South America. It extends northwards to the

Arctic Basin and southwards to the Great Southern Ocean.

For purposes of measurement the polar boundaries are

taken to be the Arctic and Antarctic circles, although in

discussing the configuration and circulation it is impos-

sible to adhere strictly to these limits. The Atlantic

Ocean consists of two characteristic divisions, the geo-

graphical equator forming a fairly satisfactory line of

division into North and South Atlantic. The North
Atlantic, by far the best known of the main divisions of

the hydrosphere, is remarkable for the immense length

of its coast -line and for the large number of enclosed

seas connected with it, including on the western side the

Caribbean Sea and Gulf of Mexico, the Gulf of St Law-
rence, and Hudson Bay, and on the eastern side the
Mediterranean and Black Sea, the North Sea, and the
Baltic. The North Atlantic is connected with the Arctic

Basin by four main channels
; (1) Hudson Strait, about

60 miles wide, communicating with the gulfs and straits

of the North American Arctic archipelago; (2) Davis
Strait, about 200 miles wide, leading to Baffin Bay

; (3)
Denmark Strait, between Greenland and Iceland, 130
miles wide; and (4) the “Norwegian Sea,” about 400
miles wide, extending from Iceland to the Faroe Islands,

the Shetland Islands, and the coast of Norway. The
width of the North Atlantic in lat. 60°, approximately
where it breaks up into the branches just named, is nearly
2000 ndles

;
in about lat. 50° N., the coasts of Ireland

aind N^ewfoundland apjJroach to 1750 miles
;
the breadth

then increases rapidly to lat. 40° N., and attains its
maximum of 4500 miles in lat. 25° N. ; farther south the
minimum breadth is reached between Africa and South
America, Cape Palmas being only 1600 miles distant from
Cape St Eoque. In marked contrast to this, the South
Atlantic is distinguished by great simplicity of coast-line
inland seas there are none, and it attains its greatest
breadth as it merges with the Southern Ocean; in lat.
35° S. the width is 3700 miles.

The total area of the North Atlantic, not counting
inland seas connected with it, is, according to Karstens,
36.438.000 square kilometres, or 10,588,000 square miles

*-

including the inland seas the area is 45,641,000 square
kilometres, or 13,262,000 square miles. The area of the
South Atlantic is 43,455,000 square kilometres, or
12.627.000 square miles. Although not the most extensive
of the great oceans, the Atlantic has by far the largest
dramage area. The “long slopes” of the continents on
both sides are directed towards the Atlantic, which
accordingly receives the waters of a large proportion of the
great rivers of the world, including the St Lawrence, the
Mississippi, the Orinoco, the Amazon, the rivers of the La>

Plata, the Congo, the Niger, the Loire, the Ehine, the Elbe,

and the great rivers of the Mediterranean and the Baltic!

Murray estimates the total area of land draining to the
Atlantic to be 13,432,000 square miles, or with the Arctic

area nearly 20,000,000 square miles, nearly four times the
area draining to the Pacific Ocean, and almost precisely

four times the area draining to the Indian Ocean, Murray’s
calculations give the amount of precipitation received on
this area at 15,800 cubic miles annually, and the river

discharge from it at 3900 cubic miles.

The dominant feature of the relief of the Atlantic basin

is a submarine ridge running from north to south from
about lat. 50° N. to lat. 40° S., almost exactly in

the central line, and following the 8-shape of the

coasts. Over this ridge the average depth is

about 1700 fathoms. Towards its northern end the ridge

widens and rises to the plateau of the Azores, and in about
50° N. lat. it merges with the “Telegraph Plateau,” which
extends across nearly the whole ocean from Ireland to

Newfoundland. North of the fiftieth parallel the depths

diminish towards the north-east, two long submarine
ridges of volcanic origin extend north-eastwards to the

south-west of Iceland and to the Faroe Islands, and
these, with their intervening vaUeys, end in a transverse

ridge connecting Greenland, through Iceland and the

Faroe Islands, with North-western Scotland and the

continental mass of Europe. The mean depth over this

ridge is about 250 fathoms, and the maximum depth

nowhere reaches 500 fathoms. The main basin of the

Atlantic is thus cut off from the Arctic basin, with

which the area north of the ridge has complete deep-water

communication. This intermediate region, which has

Atlantic characteristics down to 300 fathoms, and at

greater depths belongs more properly to the Arctic Sea,

[

commonly receives the name of Norwegian Sea. On both

sides of the central ridge deep troughs extend southwards

from the Telegraph plateau to the Southern Ocean, the

deep water coming close to,the land all the way down on

both sides. In these troughs the depth is seldom much less

than 3000 fathoms, and this is exceeded in a series of

patches to which Murray has given the name of “Deeps.”

In the eastern trough the FeaJee deep lies off the Bay of

Biscay in 20° W. long., M<maco deep and Chmi deep off the

north-west of Africa, Moseley deep off the Cape Verde

Islands, Krech deep off the Liberian coast, and BuckaTum
deep off the mouth of the Congo. The western troi^h

extends northwards into Davis Strait, forming a depression

in the Telegraph plateau; to the south of Newfoundland
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and Nova Scotia are Sigshee deep, Thoulet deep, Lihhey
deep, and Suhm deep, each of small area

]
north-east of the

Bahamas Nares deep forms the largest and deepest de-
pression in the Atlantic, in which a sounding of 4561
fathoms was obtained (70 miles north of Porto E-ico) by
the U.S. ship Blahe in 1883. Immediately to the south of
Nares deep lies the smaller Makaroff deep ; and off the
coast of South America are Tizard deep and Ilavergal deep.

South of 40° S. lat. the form of the sea-bottom changes
considerably on account of the eastward trend taken by the
alternate elevations and depressions. Between the southern
extremity of South America and Graham Land, in the
Antarctic, the depth nowhere reaches 2000 fathoms, and a
plateau of less depth extends eastward to South Georgia
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and the Sandwich group. In 40° S. lat., 40° W. long.,

the 3000-fathoms line marks an offshoot of the great Boss
deep, which runs south-eastwards to the main depression.
East of this trough the depth is, generally, over 2000
fathoms, except where a bank, on which Bouvet Island
stands, suggests a south-easterly prolongation of the main
central ridge, which, but for this, would appear to end at
Tristan da Cunha. From the south point of Africa south-
eastwards to the Crozet Islands and Kerguelen the depth
is less than 2000 fathoms, an ill-defined ridge separating
the eastern margin of the Boss deep from the mam basin
of the Indian Ocean (g.-y.)

The foundations of our knowledge of the relief of the Atlantic
basin may be said to have been laid by the work of

Qhallenger (1873-76), of the German ship GcmlU (1874-76), the
French expedition in the TravmlUur (1880), and the U.S.
surveying vessel Blake (1877 and later). Large numbers of addi-

tional soundings have been made in recent years by cable ships,

by the expeditions of H.S.H, the Prince of Monaco, and by the
German Vald^ma expedition under Professor Chun (1898) ;

but
with the exception of the last-named none of the later workers
have seriously modified the contours outlined by the Challenger

and Gazelle.

For the volume of the North Atlantic, Karstens gives

the value 136,384,000 cubic kilometres, or 21,362,000 cubic

Volume
giving a mean depth of 2047 fathoms.

meaa
* K we include the enclosed seas, theNorth Atlantic

depth, and a volume of 150,415,000 cubic kilometres,
^otiom Qj, 23,560,000 cubic miles, giving a mean depth
epos s.

jgQQ fathoms. The South Atlantic has a
total volume of 164,263,000 cubic kilometres, or 25,729,000

cubic miles, giving a mean depth of 2067 fathoms. The

following table, due to Murray, gives details of the area of

the floor of the Atlantic basm, and the volume of water

resting thereon, at different levels :

—

Depth. Area Volume
Fathoms.
Between

Square Miles. Cubic Miles.

0- 100 2,907,003 2,358,703
8,370,611100- 600 2,404,482

600-1000 1,840,634 9,568,637
1000-2000 5,468,015 15,816,901
2000-3000 10,928,918 8,905,287
3000-4000 1,780,012 690,123

Over 4000 5,832 2,155

25,334,896 45,707,417

Mean depth, 1830 fathoms.

The Atlantic Ocean contains a relatively smah number
of islands. The only continental groups, besides some

S. L— 97
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islands in the Mediterranean, are Iceland, the British

Isles, Newfoundland, the West Indies, and the Falklands,

and the chief oceanic islands are the Azores, Madeira, the

Canaries, the Cape Verde Islands, Ascension, St Helena,

Tristan da Cunha, and Bouvet Island.

The greater part of the bottom of the Atlantic is

covered by a deposit of Globigerina ooze, roughly the area

between 1000 and 3000 fathoms, or about 60 per cent, of

the whole. At a depth of about 3000 fathoms, i,e.^ in

the “Deeps,” the Globigerina ooze gradually gives place to

red clay. In the shallower tropical waters, especially on the

central ridge, considerable areas are covered by Pteropod

ooze, a deposit consisting largely of the shells of pelagic

molluscs. Diatom ooze is the characteristic deposit in

high southern latitudes. The terrigenous deposits consist

of blue muds, red muds (abundant along the coast of

Brazil, where the amount of organic matter present is

insufficient to reduce the iron in the matter brought down
by the great rivers to produce blue muds), green muds and
sands, and volcanic and coral detritus.

The question of the origin of the Atlantic basin, like

that of the other great divisions of the hydrosphere, is

still unsettled. Most geologists include the Atlantic with

the other oceans in the view they adopt as to its age (see

Geology and Oceanography)
;
but Suess and Neumayr,

while they regard the basin of the Pacific as of great

antiquity, believe the Atlantic to date only from the

Mesozoic age. Neumayr finds evidence of the existence

of a continent between Africa and South America, which

protruded into the central North Atlantic, in Jurassic

times. Kossmat has shown that the Atlantic had sub-

stantially its present form during the Cretaceous period.

In describing the mean distribution of temperature

in the waters of the Atlantic it is necessary to treat the

Disitibtt- and southern divisions separately. The
tion of heat equator, or line of maximum mean surface

tempera- temperature, starts from the African coast in

about 5"* N. lat., and closely follows that parallel

to 4:0® W. long., where it bends northwards to the Carib-

bean Sea. North of this line, near which the temperature

is a little over 80° F., the gradient trends somewhat to the

east of north, and the temperature is slightly higher on the

western than on the eastern side until, in 45° N, lat., the

isothermal of 60° F. runs nearly east and west. Beyond
this parallel the gradient is directed towards the north-

west, and temperatures are much higher on the European
than on the American side. From the surface to 500
fathoms the general form of the isothermals remains the

same, except that instead of an equatorial maximum belt

there is a focus of maximum temperature off the eastern

coast of the United States. This focus occupies a larger

area and becomes of greater relative intensity as the

depth increases until, at 500 fathoms, it becomes an
elongated belt extending right across the ocean in about
30° N. lat. Below 500 fathoms the western centres of

maximum disappear, and higher temperatures occur in the

eastern Atlantic off the Iberian peninsula and North-
western Africa down to at least 1000 fathoms; at still

greater depths temperature gradually becomes more and
more uniform. The communication between the Atlantic

and Arctic basins being cut off, as already described, at

a depth of about 300 fathoms, the temperatures in the
Norwegian Sea below that level are essentially Arctic,

usually below the freezing-point of fresh water, except
where the distribution is modified by the surface circula-

tion. The isothermals of mean surface temperature in the
South Atlantic are in the lower latitudes of an od - shape,

tempexatees being higher on the American than on the
Afip^oan side. In latitudes south of 30° S. the curved form

i^i^ppear, the lines running more and more directly

east and west. Below the surface a focus of maximum
temperature appears off the coast of South America in about
30° S. lat., and of minimum temperature north and north-
east of this maximum. This distribution is most marked at
about 300 fathoms, and disappears at 500 fathoms, beyond
which depth the lines tend to become parallel and to
run east and west, the gradient slowly diminishing.

The Atlantic is by far the saltest of the great oceans.

Its saltest waters are found at the surface in two belts,

one extending east and west in the North
Atlantic between 20° and 30° N. lat., and another
of almost equal salinity extending eastwards from the
coast of South America in 10° to 20° S. lat. In the
equatorial region between these belts the salinity is

markedly less, especially in the eastern part. North of the

North Atlantic maximum the waters become steadily fresher

as latitude increases until the channels opening into the
Arctic basin are reached. In all of these water of rela-

tively high salinity appears for a long distance towards
the north on the eastern side of the channel, while on
the western side the water is comparatively fresh. In
the higher latitudes of the South Atlantic the salinity

diminishes steadily and tends to be uniform from east to

west, except near the southern extremity of South America,

where the surface waters are very fresh. Our knowledge
of the salinity of waters below the surface is as yet very

defective, large areas being still unrepresented by a single

observation. The chief facts already established are the

greater saltness of the North Atlantic compared with the

South Atlantic at all depths, and the low salinity at all

depths in the eastern equatorial region, off the Gulf of

Guinea.

It is now generally admitted that the movements of the

surface waters of the great oceans are primarily controlled

by the winds, and the resulting circulation

consists of (a) drift currents in the open sea,

following the general wind directions, and (6)

stream currents, which are independent of the local winds,

but are due to inequalities of pressure produced by the

interference of land masses with the movements of the

drift currents. Quite recently Pettersson has shown that

the formation and melting of polar ice must be regarded

as a factor contributing a considerable portion of the

energy of ocean currents, and this factor must be of great

importance in the Atlantic. The wind circulation over

the Atlantic is of a very definite character. In the South

Atlantic the narrow land surfaces of Africa and South

America produce comparatively little effect in disturbing

the normal planetary circulation. The tropical belt of high

atmospheric pressure is very marked in winter
;

it is weaker

during the summer months, and at that season the greater

relative fall of pressure over the land cuts it off into an

oval-shaped anticyclone, the centre of which rests on the

coolest part of the sea surface in that latitude, near the

Gulf of Guinea. South of this anticyclone, from about

the latitude of the Cape, we find the region where, on

account of the uninterrupted sea surface right round the

globe, the planetary circulation is developed to the

greatest extent known
;
the pressure gradient is exceed-

ingly steep, and the region is swept continuously by

strong westerly winds—the “roaring forties.” This is

merely the “ polar eddy,” which is probably arrested by

the frictional resistance of the land and the low temperatures

in the higher Antarctic latitudes.

In the North Atlantic the distribution of pressure and

resulting wind circulation are very largely modified by the

enormous areas of land and frozen sea which surround the

ocean on three sides. The tropical belt of high pressure

persists all the year round, but the immense demand for

air to supply the ascending currents over the heated land
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surfaces in summer causes the normal descending movement
to be largely reinforced, hence the “North Atlantic anti-

cyclone ” is much larger, and its circulation more vigorous,

in summer than in winter. Again, during the winter
months pressure is relatively high over North America,
Western Eurasia, and the Arctic regions; hence vast
quantities of air are brought down to the surface, and
circulation must be kept up by ascending currents over

the ocean. The Atlantic anticyclone is therefore at its

weakest in winter, and on its polar side the polar eddy
becomes a trough of low pressure, extending roughly from
Labrador to Iceland and Jan Mayen, and traversed by a
constant succession of cyclones. The net effect of the

surrounding land is, in fact, to reverse the seasonal varia-

tions of the planetary circulation, but without destroy-

ing its type. In the intermediate belt between the two
high-pressure areas the meteorological equator remains
permanently north of the geographical equator, moving
between it and about 11® N. lat.

The wind circulation may shortly be described thus

from north to south :

—

1. “Iceland’^ depression—low-pressure belt, traversed

by numerous cyclones, some of great intensity, in winter

;

abundant rainfall.

2. A belt of “ westerly variables,” the polar side of the

Atlantic anticyclone, merging into (1).

3. Calm and dry belt, the axis of the Atlantic anti-

cyclone—^the “ horse latitudes,” or “ calms of Cancer.”

4. Belt of N.E. and E. winds. These coming from
a high-pressure area are dry, hence there is little rain-

fall, and great evaporation from the sea surface, which
attains its greatest salinity in this region; the “trade

winds.”

5. Equatorial belt of calms and rains
;
the “ doldrums,”

6. Belt of S.E. and E. winds—the “trade winds.”

7. Tropical calm and dry belt, or “ calms of Capricorn.”

8. Belt of W. and N.W. winds, merging into the
“ roaring forties.”

The part of this circulation which is steadiest in

its action is the trade winds, and this is there-

fore the most effective in producing drift movement of

the s'urface waters. The trade winds give rise, in the

region most exposed to their influence, to two westward-

moving drifts—^the equatorial currents, which are separated

in parts of their course by currents moving in the opposite

direction along the equatorial belt. These last may be of

the nature of “reaction” currents; they are collectively

known as the equatorial countercurrent. On reaching the

South American coast, the southern equatorial current splits

into two parts at Cape St Koque : one branch,
urren s.

Brazil current, is deflected southwards and
follows the coast as a true stream current at least as far as

the Biver Plate. The second branch proceeds north-

westwards towards the West Indies, where it mingles with

the waters of the northern equatorial
;
and the two drifts,

blocked by the -shape of the land, raise the level of the

surface in the Gulf of Mexico, the Caribbean Sea, and in

the whole area outside the West Indies. This congestion

is relieved by what is probably the most rapid and most
voluminous stream current in the world, the Gulf Stream,

which runs along the coast of North America, separated

from it by a narrow strip of cold water, the “ cold wall,”

to a point off the south-east of Newfoundland. At this

point the Gulf Stream water mixes with that from the

Labrador current (see below), and a drift current eastwards

is set up under the influence of the prevailingwesterly winds:

this is generally called the Gulf Stream drift. When
the Gulf Stream drift approaches the eastern side of the

Atlantic it splits into two parts, one going southwards

along the north-west coast of Africa, the Canaries current.
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and another turning northwards and passing to the west of

the British Isles. Most of the Canaries current re-enters

the northern equatorial, but a certain proportion keeps
to the African coast, unites with the equatorial return

currents, and penetrates into the Gulf of Guinea. This

last feature of the circulation is still somewhat obscure ;
it

is probably to be accounted for by the fact that on this

part of the coast the prevailing winds, although to a con-

siderable extent monsoonal, are off-shore winds, blowing
the surface waters out to sea, and the place of the water
thus removed is filled up by ‘V’-ater derived either from
lower levels or from “reaction” currents.

The movements of the northern branch of the Gulf
Stream drift have been the object of more careful and more
extended study than all the other currents oi the ocean
put together, except, perhaps, the Gulf Stream itself. The
cruises of the Porcupine and Lightning, which led directly

to the despatch of the Challenger expedition, were
altogether within its “sphere of influence”; so also was
the great Norwegian North Atlantic expedition. More
recently, the area has been further explored by the
German expedition in the ss. Kational, the Danish Ingolf
expedition, and the minor expeditions of the Michael Sars,

Jackal, Research, &c. Much has also been done by the
discussion of observations made on board vessels belonging
to the mercantile marine of various countries. It may
now be taken as generally admitted that the current

referred to breaks into three main branches. The first

passes northwards, most of it between the Faroe and
Shetland Islands, 'to the coast of Norway, and so on to the

Arctic basin, which, as Nansen has shown, it fiUs to a
great depth. The second, the Irminger stream, passes up
the west side of Iceland

;
and the third goes up the Green-

land side of Davis Strait to Baffin Bay. These branches
are separated from one another at the surface by currents

moving southwards: one, the importance of which has
only recently been recognized, to the east of Iceland

;
the

second, the Greenland current, skirts the east coast of

Greenland
; and the third, the Labrador current already

mentioned, follows the western side of Davis Strait.

Pettersson has recently shown that these cold surface

currents are chiefly due to the melting of sea ice, caused

by the influx of immense quantities of warm water from
the Gulf Stream drift, and this result has been confirmed

by Dickson, who shows, from an investigation of the

seasonal changes of the circulation, that a drift of the kind
described is inadequate to account for all the facts. He
maintains that, just as in the case of the equatorial

currents, a heaping-up of water takes place off the south-

west coast of Europe and the north-west of Africa, and
that this heaping-up takes place especially in summer,
when the Atlantic anticyclone produces its maximum
effect. The heaped-up water escapes by stream currents of

the same nature as the Gulf Stream; and it is these currents,

not the drifts, which are able to make their way into high
latitudes, guided by the outline of the land. During winter,

when the Atlantic anticyclone is at its weakest and the sur-

face circulation is especially under the control of the cyclones

of the Iceland depression, a general drift circulation is set

up, large quantities of water move south-eastwards from
Davis Strait, cross the Atlantic, and pass north-eastwards

into the Norwegian Sea.

The development of the equatorial and the Brazil

currents in the South Atlantic has already been described.

On the polar side of the high-pressure area a west -wind

drift is under the control of the “ roaring forties,” and on
reaching South Africa part of this is deflected and sent

northwards along the west coast as the cold Benguela

current, which rejoins the equatorial. In the central parts

of the two high-pressure areas there is practically no surface
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circulation. In the North Atlantic this region is covered

by enormous banks of gulf-weed {Sargassvm hucciferum)^

hence the name Sargasso Sea. The Sargasso Sea is

bounded, roughly, by the lines of 20'"- 35° N. lat. and
40“-75“ W. long.

The sub-surface circulation in the Atlantic may be

regarded as consisting of two parts. Where water is

banked up against the land, as by the equatorial and Gulf

Stream drift currents, it appears to penetrate to very

considerable depths
;
the escaping stream currents are at

first of great vertical thickness, and part of the water at

theic sources has a downward movement. In the case of

the Gulf Stream, which is not much impeded by the land,

this descending motion is relatively slight, being perhaps

largely due to the greater specifio gravity of the water
;

it

ceases to be perceptible beyond about 500 fathoms. On the

European-African side the descending movement is more
marked, because the coast-line is much more irregular, and

the northward current is deflected against it by the earth^s

rotation
;
here the movement is traceable to at least 1000

fathoms. The northward movement of water across the

Norwegian Sea extends down from the surface to the

Iceland-Shetland ridge, where it is sharply cut off; the

lower levels of the Norwegian Sea are filled with ice-cold

Arctic water, close down to the ridge. The south-moving

currents originating from melting ice are probably quite

shallow. The second part of the circulation in the depth

IS the slow “creep’' of water of very low temperature

along the bottom. The North Atlantic being altogether

cut off from the Arctic regions, and the vertical circulation

being active, this movement is practically non-existent;

but in the South Atlantic, where communication with the

Southern Ocean is perfectly open, Antarctic water can be
traced to the equator, and even beyond.

The tides of the Atlantic Ocean are of great com-

plexity. The tidal wave of the Southern Ocean, which
sweeps uninterruptedly round the globe from east to

west, generates a secondary wave between Africa and
South America, which travels north at a rate dependent

only on the depth of the ocean. With this “free”

wave is combined a “forced wave,” generated, by the

direct action of the sun and moon, within the Atlantic

area itself. Nothing is known about the relative importance

of these two waves, (h. n. n.)

Atlas Mountains.—Since the exploration of

the western section by Hooker and Ball in 1878, this

range has been visited and even crossed at more than one

point by later travellers. Oscar Lenz, who surveyed a

considerable part of the Great Atlas north of Tarudant,

and determined a pass south of Hr in the Little Atlas in

1879-80, and penetrated thence across the Sahara south-

wards to Timbuktu, was followed in 1883-84 by Ch. de

Foueauld, whose extensive itineraries include many districts

that had never before been visited by any Europeans.

Such were parts of the first and middle ranges crossed

once
;
three routes over the Great Atlas, which was more-

over traversed along both flanks nearly for its whole
length; and six journeys across the Little Atlas, with

a general survey of the foot of this range and several

passages over the Jebel-Bani. Then came the late Joseph

Thomson, who explored some of the central parts, but

broke little new ground, and failed to cross the main
range (1888); H. M. P. de la Martinifere, who increased

our knowledge of the uplands in the province of Fez

(1890-91); and lastly, Walter B. Harris, who explored

some of the southern slopes and crossed the Little Atlas

during his expedition to the Tafilet oasis (1894).

Thanks to these expeditions, and especially to De
Foutoauld’s careful surveys, we now possess a somewhat

clear idea of the hitherto imperfectly known Atlas system
in its more important western (Moroccan) section, which
bears the comprehensive Berber name of Abeae n’Deeen
the “Deren Mountains.” Here it forms not two or three
chains, as hitherto supposed, but as many as five distrnct

ranges, all varying in length and height, but disposed
parallel to one another in the normal direction from south-
west to north-east, with a slight curvature towards the
Sahara. Generally speaking, the northern more or less

convex slopes, being exposed to the moist Atlantic winds
are in many places well wooded, while the southern flanks,

which intercept the dry Saharan winds, are mainly
destitute of vegetation.

The main range, commonly known as the Geeat Atlas,
occupies a central position in the system, and is by far the
longest and loftiest chain, terminating, not in a

plateau as often asserted, but in a sharply out-

lined crest, and culminating between the Bibawan
Pass and the Jebel Aishin. The fall towards the Dahra
district at the north-east end is gradual and continuous,

but precipitous at the opposite extremity facing the

Atlantic between Agadir and Mogador. At several points

the crest has been deeply eroded by old glaciers and
running waters, and thus have been formed a number of

passes, which, however, are little utilized for peaceful inter-

course, the approaches on both slopes being mostly held

and blocked rather than kept open by mutually hostile

Berber tribes. The Aishin section, culminating in a peak

nearly 15,000 feet high, maintains a mean altitude of

11,600 feet, and from this great mass of schists and sand-

stones a number of secondary ridges radiate in all direc-

tions, forming divides between the Um-er-Il6bia, the

Sebu, the Muluya, the Ghir, and the Draa, which flow

respectively to the west, north-west, north-east, south-east

and south. Eastwards the Aishin terminates abruptly in

the steep Jebel-Terneit cliffs, which rise some 6000 feet

above the surrounding plains. For a distance of 100

miles it nowhere presents any passes accessible to cara-

vans
;
but south-westwards some gaps in the range afford

communication between the Um-er-Hebia and the Draa

I

basins. In the same direction the Aishin is continued by
a not yet named crest, which appears to maintain the

same mean altitude of considerably over 11,000 feet, and

it is this south-western extension of the Moroccan system

which gives it greater average height than the European

Alps, although dominated by less elevated peaks. Yet a

few summits in the extreme south-west stiD. exceed 11,000

feet in the neighbourhood of Cape Ghir. Besides huge

masses of old schists and sandstones, geologists have dis-

covered extensive limestone, marble, diorite, basalt, and

porphyry formations, while granite prevails on the southern

slopes of the Aishin range. The presence of enormous

glaciers in the Ice Age is attested by the moraines at the

Atlantic end, and by other indications farther east. The

best known passes are
: (1) The Bibawdn in the upper

Wed-Sus basin (4150 feet according to Lenz)
; (2) the

Tizi, Le., the “Pass” in a pre-eminent sense, giving

access from Marakesh to Tarudant, rugged and diflB.cult„

but low, and utilized by Lempriere, Jackson, Lenz, and

other travellers; (3) Tizi n’Tameffiit, leading down to

the Draa valley; (4) Tizi n’Glawi (7600 feet, Foueauld);.

(5) Tizi n’Telremt (7250 feet, Foueauld), leading down

to the Wed-Ghir.

The Middle Atlas, skirting the north flank of the

Great Atlas at some distance inland, is not visible from

the coast, and is still but little known
;
but

seems to run from the region north of Demnat
to the Dahra district beyond Debdon, presents j^^ges.

a somewhat regular snowy crest between the

TJnOrer-E^bia and the Wed el-Abid valleys, and is crossed
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iDy passes from 5000 to 6000 feet Mgli. Botli slopes are

wooded, and its forests are tlie only parts of Morocco
where the lion still survives.

The Little or Anti-Atlas running parallel to and
south of the main range is one of the least elevated chains

in the system, having a mean altitude of not more than
5000 feet, although some peaks and even passes exceed 6000
feet. At one point it is pierced by a gap scarcely five

paces wide with polished walls of variegated marbles.

Although in some winters nearly free from snow, La
Martmiere found the Little Atlas quite covered with a
white mantle in 1890-91. The Atlas system is completed

by two other less important ranges— the Jebel-Bani,

773

south of the Little Atlas, crossed several times by
Foucauld, who describes it as a low, narrow rocky ridge

with a height of 3000 feet in its central parts
;
and the

TJlmess Biata, south of the middle range, not a continuous

range, but a senes of broken mountain masses from 3000
to 3500 feet high, and traversed by the rivers Sebu and
Muluya.

AurHOEiTiES.—^Thomson, Joseph. Travels %n the Atlas and
Southern Mowcco. London, 1889 —Lenz, Dr Oscae Tvwhuktu.
Leipzig, 18S4 —De Foucauld, Vicomte Oh. Reconnaissance au
Maroc, 1883-84, Pans, 1888. —M lETiNikEE, H. M. P. de la.

Morocco; Journeys to the Kingdom of Fez^ &c. London, 1889.

—

Haeeis, Waltee B. Tafilet, a Journey of Kxploration in the

Atlas Mountains^ kc. London, 1895. (a. H. K.)

ATMOSPHEEIC ELECTEICITY.
§ 1. Investigation into the early history of atmospheric
electricity would be the province rather of the aniiquary

than of the scientific man. In pre-scientific days light-

ning was usually regarded as the special vehicle of divine

vengeance. Lucretius was perhaps the first who attempted
to apply to its elucidation the scientific method; he
pointed out that even temples of Jupiter had not escaped

the thunderbolt, which seemed to imply an incredible

degree of inefficiency in the department over which that

divinity was supposed to preside. Like most modern
scientific men who have considered the subject, Lucretius

had a theory of his own, and he might almost be looked

upon as the parent of the ‘‘electric fiuid” phraseology

still so prominent in popular writings. Even in 1749,

when Franklin proposed the famous kite experiment to

test the identity of natural and artificial electricity, the

electric fluid theory was probably held by most scientific

men in a fairly literal sense. The electric fluid was sup-

posed to reside in the clouds, whence it was attracted by
any sharp point held upwards. Shortly after 1750 the

observations by Lemonmer and others of electric pheno-

mena in the atmosphere in the absence of cloud led to

some modification of ideas. It was only, however, with

the introduction of improved methods and apparatus after

the middle of the 19th century, mainly by Lord Kelvin,

that there was any approach to exact measurements of

atmospheric electricity. To understand the different

methods employed or recommended, a brief survey of the

phenomena is necessary.

§ 2. At most places in dry weather the electric potential

near the ground is normally positive relative to the earth,

and increases with the height. The existence of earth

currents shows that the earth, strictly speaking, may not

be all at one potential
;
but the potential differences between

points on the earth’s surface—say, 1 kilometre apart—are

insignificant compared to the normal potential difference

between the earth and a point 1 metre above it, and when
considering this latter difference we may regard the earth

as at a uniform zero potential. What is aimed at in

ordinary observations of atmospheric electricity is the

measurement of the potential difference between the earth

and a point at a given height above it, or else the differ-

ence in potential between two points in the same vertical

at a given distance apart.

Let a conductor—say, a metallic sphere—be supported

by a metal rod of negligible capacity whose other end is

earthed. Then the conductor must all be at

ttejate”
potential, and consequently the sphere must

have an induced charge which produces at its

centre a potential equal, but opposite, to what would exist

at the same spot in free air. This neglects any charge

carried by the air displaced by the sphere, and assumes a

statical state of conditions, and further, what in practice is

never wholly realized, that the conductor exerts no disturb-

ing influence outside itself. Suppose now that the sphere’s

earth connexion is broken, and that it is carried by an in-

sulating handle inside a building at zero potential, where
its potential (relative to the earth) is determined. If this

potential is - V (volts), then, assuming no loss of electricity

during the operations, the potential of the air at the spot

occupied by the sphere was +V. This method under

various forms was largely in use about the middle of the

19th century. It was followed for many years by Quetelet

at Brussels, and in a modified form by Palmieri at Naples

;

in recent years it has been employed at the suggestion of

Elster and Geitel on the top of the Sonnbhck.
Next, suppose that a fixed conductor is insulated from

the ground, and that by some means it is kept at the poten-

tial of the air which it displaces, then the measurement of

its potential is equivalent to a measurement of the potential

of the air. This is the basis of various seemingly different

methods. Originally the conductor took the shape of

long metal wires, supported by silk or other insulating

material, and no artificial means were employed to bring

them to the potential of the surrounding air. The addition

of sharp points was a step in advance. But the method
can hardly be said to have been a quantitative one until

the sharp points were replaced by either a flame (fuse, gas,

lamp) or a liquid jet breaking into drops. In either case

the theory is the same. The matter leaving the conductor,

whether it be the products of combustion of a fuse or the

drops of a liquid, supplies the means of maintaining

equality of potential between the conductor and the air at

the spot where the matter quits electrical connexion with

the conductor. It is customary to apply the term collector

to the flame or liquid apparatus, its function being, in

popular language, to collect electricity.

§ 3. Several forms of flame-coHector have been proposed,

and two have been a good deal used, viz.. Lord Kelvin’s

portable electrometer (Papers oiv Electrostatics and Magnet-
ism, §§ 263, 277, &c.) with a fuse, and Exner’s form of

gold-leaf electroscope (Exner, Wien. Sitz. vol. xciii. (Ab. ii.),

1886, p. 222 ;
also Sitz, xcv., xcviii., xcix., &c.

;
Elster and

Geitel, Terrestrial Magnetism, vol. iv. p, 15, (kc.) in con-

junction with an oil lamp or gas flame. The latter is the

instrument employed in most of the recent w’ork done by
Exner, Elster and Geitel, and others in Austria and
Germany. The most obvious defect of the ordinary flame-

collector is the tendency in the flame to be blown out.

This prevents the use of Exner’s form on windy days,

but Pellat (Soc. Franc. Pkys. Bull. June 1899 ;
Science

Abstracts, 1706, for 1899) has invented a form which
claims to have surmounted this difficulty.

Of liquid collectors the representative is Lord Kelvin’s

“water-dropper.” The water is contained in a tank standing

on insulated supports, and the tube through which the jet
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issues passes through a hole in a window. From the tube,

or the tank, an insulated wire passes to a quadrant electro-

meter. Headings can be taken by eye, or a continuous

photographic record can be obtained. In the latter case,

light reflected from the mirror attached to the electrometer

needle falls on prepared paper, which is wound round a

drum driven by clockwork. Installations of this kind are,

or have been, in operation at a good many observatories,

including Kew, Greenwich, Lyons, Perpignan, Lisbon, and
Batavia

;
of late years a water-dropper has been in opera-

tion during summer near the top of the Eiffel Tower. At
Kew Observatory the water-dropper tube is connected to

the needle of the electrometer, whose quadrants are con-

nected, the one pair to the positive pole the other pair to

the negative pole of a battery of cells, whose centre is

earthed. The arrangement is shown diagrammatically in

Fig. 1. The most obvious weak point in a water-dropper

Water Tank

on Insulators

is the tendency to freeze in cold weather. To remedy this,

less easily frozen liquids have sometimes been employed, or

the water has been heated or the tube protected. By such
means water-droppers were kept in continual operation at

two of the stations (Sodankyla and Cape Thorsden) of the

international polar year 1882-83 during very severe cold.

§ 4. Before passing to the observational data it is expedient to
refer to various sources of uncertainty. As already stated, we may
in this inquiry regard the earth as at a uniform zero potential.

Above a limited area of a level plain of absolutely smooth surface,

devoid of houses, trees, or grass, the equipotential surfaces under
normal conditions would be horizontal planes, and if we could
determine the potential at a point 1 metre above the ground we
should have a definite measure of the potential gradient at the
earth's surface.

^

The presence, however, of apparatus or observers
upsets the conditions, while above uneven ground, or near a tree
or a building, the equipotential surfaces cease to be horizontal. In
an ordinarily moist climate a building seems to be practically at
the earth’s potential ; near its waUs the equipotential surfaces are
far from being horizontal, and near a ridge they may lie very close

together. The height of the walls in the various observatories
possessing water-droppers, the height of the water-dropper tube
above tbe ground, and tbe distance it projects from the wall, all

Vhry lately. Again, the tube may project from the centre of a
ileag wall or from a corner, and there may be external buildings or
tew^isul^mently near to influence the potential. An interesting

ELECTRICITY
example of the influence of the situation is presented by Batavia
Observatory. Duiing tbe years 1887-90, with the w ater-diopj)©! at
a height of 2 meties above the ground, the mean of the potentiala
recorded was 79 volts ; but duuiig 1890-95, with the water-diopper
at a height of 7*8 meties, the mean voltage was 967. This \\ill
show the futility of compaimg the absolute voltages met with at
two stations, unless means exist of allowing for the diflerence in
the environments of the apparatus. This is the principal leasoii
w^hy Tables I. and II., p. 775, give the ratios borne by individual
houi'ly or monthly values to the mean value for the day or year.

§ 6. There are other sources of uncertainty. If the shape of the
equipotential surfaces near the jet is influenced by trees, shiubs, or
glass, the influence will vary thioughout the yeai. Again,* in
winter, the vaiying depth of snow" or the foimation of icicles may
exert an appreciable influence. There are further sources of trouble
lu the apparatus itself. Unless the insulation is perfect, the poten-
tial recorded is not that of the atmospheie at the spot where the
jet bleaks. The action of the jet is opposed by the leakage through
imperfect insuhition, and if this is greater at one hour of the d^,
or at one season of the year tlian at another, there may be a ficti-

tious element in the diuinal or annual variation. A similar result
may arise from vaiiability in the pressure under which the jet
issues, especially if the insulation is indiflercnt. The potentials
that have to be dealt with aie often hundieds, and sometimes
thousands, of volts, and insulation troubles are more serious than
is generally appreciated. As a check on the records from water-
droppers, it is desirable that scale-value determinations should be
regularly made, and that the curve readings should fiom time to
time he compared with eye observations, taken with a portable
electrometer or eleetroscope in a fixed position, at a sufficient dis-

tance from buildings or shrubs. In interpreting the records fiom
a water-dropper, allowance must be made for the existence of purely
local phenomena. The necessity for this was shown as long ago as
1860 at Glasgow (Kelvin, JPapers on Electrostatics and Magnetism^

§ 392). Two w"ater-droppers were kept running in the university
buildings, at no great distance apait hut at different levels, and it

was found that they often did not show pronounced changes of
potential simultaneously. From this Lord Kelvin drew the con-
clusion—^which more recent observations have only tended to con-
firm—that there are often electrified portions of the atmosphere in
motion close to the earth. What may be regarded as accidental
temporary disturbances have probably little influence on the re-

sults found for mean diurnal or annual inequalities, hut this is not
the case wdth influences such as the site of the station, whether in
a valley or on a hill, near a liver or the sea.

§ 6. When rain is falling the potential frequently changes rapidly.

These changes are often too sudden to be satisfactorily dealt with
by an ordinary electrometer, and they sometimes leave ^
hardly a trace on the photographic paper. Again, the

^

rain dripping from all parts of the efflux tube may
materially affect the situation. For these and other

^

reasons, it is customary at some observatories to take no account

of days on which theie is an appreciable amount of rainfall, or else

to form separate tables for “dry” or “fine” days, and for “all”
days. In other cases negative potentials are excluded from certain

of the tables. Speaking generally, the exclusion of days of rain

and of negative potential comes pretty much to the same thing
(see, however, § 16).

Of the accompanying tables (p. 775) the first gives the mean
diurnal inequality at various stations for the whole year, while the

second shows diurnal inequalities for “winter” and “summer.”
These each include six months, except at Sodankyla and Perpignan,

when three months at raid-winter and three at midsummer are

meant. For reasons already stated in § 4, the hourly values are

expressed as percentages of the mean value for the twenty-four

hours. The height h of the efflux tube above the ground, and the

distance I which it projects from the building, are in metres. Tlie

hours are iu most cases mean local time. In the case of Florence,

however, the entry under an hour is really the mean for the

previous sixty minutes. At Sodankyla apparently a correction of

about twenty-seven minutes would be necessary to give local time.

The data employed in calculating the tables are derived from the

following sources : Cape Thorsden {Observations faites au Cap
Thorsden SpUzberg^ par VExpedition SuMoise, tome ii. 2, par

S. A. Andree, Stockholm, 1887) ;
Sodankyla {Expidition Tolaire

Finlmdaise, tome hi., Helsingfors, 1898) ; Kew Observatory

(Everett, JPHl. Trains, for 1868, p. 347, and Whipple, Brit. Assoc.

Meport for 1881, p, 443) ;
Greenwich (annual volumes of Oreenvnch

Magmtical and Meteorological Observations) ;
Florence {Met. Zeit

for 1891, p. 357) ;
Perpignan {Met. Zeit. for 1891, p. 113, and 1890,

p. 319) ;
Lisbon (annual volumes of Annaes do Ohs. do Infante D.

Luiz)

;

Batavia {Observations made at the Mag. and Met. Obs. at

Batavia^ vol, xviii., 1896) j
Cape Horn (Hann, Met. Zeit. for 1889,

p. 95).

§ 7. Some of the results in Table II. are shown

graphically in Fig. 2, along with some corresponding
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Table I.

Mean Diurnal Inequality for the Year,

station.
Cape

Thoisden. Sodankyla. Kev? Observatory. Greenwich. Florence. Perpignan. Lisbon. Batavia.
Cape
Horn.

Period. 1882-83. 1882-83. 1862-64. 1880. 1880 1803-96. 1883-85. 1886-88. 1884-86. 1887-90. 1890-95. 1882-83.

Days Quiet. AU. All. Pos. AU. All. Fine. All. Dry. Dry. Pos.

h 3-33 30 35 3 3 3 3 30 9 8-4 3*0 2 7-8 3-5
1 1 8r 2-5 1*0 1*4 1*4 1*8 9 1’6 0*5 2*0

Hour.
1 97 91 87 102 101 97 92 78 84 147 125 82
2 99 85 79 95 95 89 S3 72 80 141 114 73
3 94 82 74 88 86 87 77 71 78 135 109 85
4 89 84 72 85 84 86 75 72 81 128 102 81
5 93 89 71 85 84 86 74 77 83 127 101 86
6 96 91 77 88 88 92 82 92 92 137 117 95
7 94 97 92 97 95 100 100 107 101 158 147 106
8 102 100 106 97 95 102 112 114 105 104 119 118
9 98 98 107 102 101 100 113 111 104 67 82 119

10 93 102 100 90 91 101 107 100 104 42 55 123
11 98 98 90 94 96

1 96 100 96 102 35 46 123
Koon. 96 102 92 91 95 97 95 99 108 30 43 115

1 99 105 90 90 94 96 92 99 111 30 42 112
2 99 107 91 88 89 94 90 97 114 30 43 94
3 101 108 92 85 85 95 89 99 109 33 46 89
4 105 108 98 88 90

1 97 89 105 108 41 53 88
6 105 108 108 99 97 102 94 113 108 67 73 84
6 109 110 121 110 108 108 113 126 111 91 108 no
7 108 102 134 118 121 111 121 131 116 120 145 107
8 114 111 139 129 127 115 129 129 114 137 155 123
9 110 111 138 130 132 117 132 120 109 146 155 112

10 100 104 128 130 127 117 127 109 102 148 147 99
11 101 108 113 114 114 111 114 97 92 151 143 85
12 99 93 99 105 105 104 100 86 85 147 130 98

Mean
value in >•

volts. J

10 65 51 87 91 ... 119 55 99 79 967 100

Table II.

Diurnal Inequalities,

station. Cape Thorsden, Sodankyla. Kew Observatory, Greenwicb. Perpignan. Lisbon. Batavia.

Period. 1882 -83. 1882-83. 1880. 1804 and 1896. 1888. 1885-86. (2 metres.)
1887-90.

(7*8 metres.)
1890-95.

Jan. to
Apnl.

May to
Aug.

Win-
ter.

Sum-
mer Winter. Summer. Win-

ter.

Sum-
mer.

Win-
ter.

Sum-
mer.

Win-
ter.

Sum-
mer.

Win-
ter.

Sum-
mer.

Win-
ter.

Sum-
mer.

Horn

.

1 97 87 90 99 94 115 87 110 68 88 76 93 145 149 124 127
2 111 83 79 84 92 104 84 101 67 80 74 86 139 142 114 114
3 118 80 78 90 84 92 76 98 62 77 75 82 137 135 109 108
4 103 76 74 99 81 90 77 96 63 81 79 81 131 127 100 103
5 103 78 74 111 80 95 78 94 68 94 77 86 132 123 102 100
6 114 78 80 114 83 97 82 101 83 112 82 96 138 136 115 118
7 108 82 86 117 91 105 94 107 102 118 93 108 166 153 152 142
8 107 98 95 122 94 100 97 111 122 111 100 105 118 92 131 93
9 92 102 91 109 106 91 98 102 125 109 106 100 74 64 91 76

10 89 102 106 101 100 (71)1 102 98 112 101 109 97 43 40 57 64
11 97 101 98 97 97 93 103 86 100 102 108 96 35 36 47 46

Noon. 98 100 98 100 100 85 107 94 106 105 113 98 81 30 42 44
1 101 104 116 97 99 85 107 85 106 98 117 107 29 33 40 42
2 96 104 113 97 94 78 109 82 106 90 116 114 28 32 40 46
3 93 no 121 93 90 75 111 78 106 88 114 104 24 41 43 50
4 92 119 111 96 97 74 116 81 111 89 115 102 30 49 50 55
5 101 112 105 106 104 86 112 93 117 93 116 101 60 74 73 73
6 98 116 115 92 114 96 114 98 126 103 120 104 88 94 108 107
7 103 124 118 102 124 111 117 99 131 111 128 ! 106 119 122 144 146
8 102 126 117 106 129 125 113 108 126 115 116 lie 138 135 153 156
9 95 126 115 90 128 144 111 118 117 119 105 ' 116 145 147 152 157

10 86 98 112 90 120 144 110 124 104 115 98 no 148 148 145 150
11 90 103 113 103 106 130 102 120 93 106 86 97 149 152 140 145
12 102 89 95 85 97 121 93 116 80 95 75 95 148 146 126 133

results for the Bureaii Central M^t^orologique, the Eiffel

Tower, and the College de France, Paris, the last based
on diagrams in a paper by Chauvean (S^cmces de la

Soc, Frcmc, de Physique for 1899, p. 91). In this paper

Chauvean suggests that there are at ordinary stations two
distinct types of diurnal variation, viz., a summer type

i

possessed of two distinct maxima and two distinct minima,
and a winter type showing only one maximum (in the

evening) and one minimum (in the morning), or else closely

approaching this as an ideal. Arguing from the results

on the Eiffel Tower and from those on a high staging at

Trappes, Chauvean draws the conclusion that the afternoon
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minimum in summer arises from causes peculiar to

stations near tlie ground, and that at moderate heights the

winter type of inequality applies in all latitudes through-

out the entire year. It should be remarked, however, that

some of the results in Tables I. and II. hardly seem to fit

this theory.

Some of the irregularities in Tables I. and II. would

probably disappear if more years’ data were employed

;

this is especially true in cases where the range is small,

as at Cape Thorsden

in winter. In this

instance, according

to the data, the in-

equality is almost

the opposite of that

usually met with, the

potential being high-

est in the early morn-

ing hours, and at

about its lowest value

between 9 and 11

p.M. In summer the

morning minimum is

as well marked as at

other places. It will
Mid 6 Noon 6 Mid 6 Noon 6 Mid nriti^'pd that the
Might M p« Night PM Night

-nobiceu uiie

^ evening maximum is

decideSy less pro-

minent at Greenwich than at Kew, especially in winter,

and that the afternoon minimum in winter is distinctly

present at Kew though hardly visible at Greenwich.

In considering such discrepancies it would be well to
bear in mind the possibility, or rather probability, that
atmospheric potential may, like thunderstorms and
auroras, vary much from one year to the next. At
Lisbon the summer inequality presents three fairly

equal maxima. These are possibly fictitious, as the
range is exceptionally small, but the phenomenon was
exhibited by each of the three years included, and
there is a suggestion of more than two at
some of the other stations. Narrowness of diurnal
range is clearly no general attribute of low latitudes,

for that at Batavia is most conspicuous. Some of

the irregularities in the tables may be due to the in-

teraction of conflicting agencies, of which one may be
dominant at one time, another at another. Thus C. R.
Andr4 (Comptes Rendus^ 112 (1891), p. 1509), on
separating quiet bright days at Lyons into two sets,

according as the wind was northerly or southerly, con-

cluded that the characteristics of the diurnal inequality

were conspicuously different in the two cases. Andre’s
diagrams show two well-marked maxima and mi-nima
(with small doubtful ones) in each instance, but with
southerly wind the morning maximum is much the larger,

whereas with the wind northerly it is somewhat the

smaller.

§ 8. The mean of the hourly ordinates of electrograms (electiic

potential curves) for a mouth gives the monthly mean, and the
intercomparison of the monthly means gives the annual inequality.

For reasons already indicated, Table III. gives relative not
absolute values for the twelve monthly means. The data are from
the same sources as those utilized in Tables I. and II.

Table III.

Annual Inequality ; Percentages of Mean Potential for the Year,

Jan. Feb. March. April May. June. July. August Sept. Oct. Nov. Dec.

Cape Thorsden, 1882-83

Sodankyla, 1882-83
153 85 147 209 178 63 65 79 13 7

94 133 148 165 186 93 53 77 47 72 71 71
165 140 157 106 60 57 62 43 54 96 127 134
161 145 149 105 62 59 61 44 53 102 123 136

Greenwich, 1893-94, 1896 110 112 127 107 83 71 76 84 83 104 104 139
Florence, 1883-86 .

Perpignan, 1886-88
132 110 98 84 86 81 77 90 89 99 129 125
121 112 108 89 91 92 89 82 74 99 122 121

Lisbon, 1884-86 , 104 105 104 92 91 93 87 92 100 99 115 117
Batavia (2 m.), 1887-90 97 115 155 127 129 106 79 62 69 79 90 93
Batavia (7*8 m.), 1890-95 100 89 103 120 98 103 85 99 73 101 117 112

At Sodankyla the year employed began with September 1882,
at Cape Thorsden with November 1882. At the latter station
there were only ten months' observations, and the results for

November and December seem hardly credible. The figures suggest
that the rapid fall in potential observed at Kew and Greenwich in
April and May takes place later in the far north, and somewhat
earlier in Florence, Perpignan, and Lisbon. At the higher level
at Batavia the annual inequality seems very irregular, notwith-
standing that it is a mean from six years' results.

§ 9. Diurnal and annual inequalities have been published for
a variety of places, which are based on eye observations with
Exner’s electroscope. Such results depend only on observations
taken at certain hours of the day, sometimes only on bright days

;

consequently they are not directly comparable with inequalities
based on the continuous records of self-recording instruments.
Two examples are given in Table IV. The Wolfenbuttel data are
due to Elster and Geitel

( Wi&a. Sitz. ci. Abth. ii., 1892, p. 703)

;

the data for Ladenburg were obtained by Gockel {Met, Zeit, for
1897, p. 281) during the years 1892-95. The figures arc the
monthly means in volts of the potential at a fixecf point in the
atmosphere.

§ 10. Table V. gives some data bearing on the question of how
the amplitude of the diurnal inequality is influenced by the
h^ght of the water-dropper above the ground. The heights are

in metres, the maximum and minimum values of the potential

are in volts. The data for Paris and Trappes are from the paper
by Chauveau already mentioned; the others from the same
sources as Tables I. and II. London is the mean of Kew (1880)

and Greenwich.

Table V,

Station. London.

Pai

Bureau
Central

'IS.

Biflfel

Tower.

Trappes
Perpi-
gnan. Batavia.

Height 3 285 20 84 2 78^

Season Year.
Sum-
mer.

Sum-
mer.

Sum-
mer.

Sum-
mer-

Year. Year Year.

Maximum
Miuimum
Max. /mean
Mm,/mean

1*24
‘85

1*34
•76

172
102
1-29

•77

2490
1740
1*13
•79

872
213
1*23

•70

72-3

39 0
131
•71

125
24

1 68
•30

1496
401
165
•42

Perhaps all that can he said is that the results are not unfavour-

able to the view that the relative importance of the

diurnal inequality diminishes as the height above the

ground increases.

§ 11, The diurnal inequality near the ground on
the top of a mountain has no necessary relationship

to that above a plain at the same height above the

sea. Elster and Geitel {Met, ZeAt for 189L p- 321)

believe that on the top of a mountain the diurnal variation is

small, basing their view partly on some observations of their own
on the top of the Sonnhlick (3100 metres). The mean of these

Table IV. {Annual Inequality),

Jan Feb. Mch. April. May June. July. Aug. Sept. Oct. Nov, Dec,

Wolfenbuttel 391 339 294
1

188 no 102 123 121 121 188 260 470
Ladenburg 897 537 148

1

66
1

62 60 60 73 116 106 134
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for certain hours of the day, along with some corresponding data
obtained by Miohie Smith in January 1885 on Dodabetta (8642
feet), the highest summit of the Heilgherries in India {Trans,
R,S,K vol. xxxii. p. 588), are given in Table VI. (afternoon
horns dashed).

Table YI.

Hour. 6 8 10 Noon. 2' 4' 6'

Sonnbliek 200 218 240 214 224 220
Dodabetta 55 67 93 108 93 69

The unit in which the potential is measured is not the same in
the two cases, and the hours are not exact local mean time.
Elster and Geitel’s results, except that for 6 p.m., depend on three
days’ observations

; Michie Smith’s are means from five days
nearly free from mist. In support of their view Elster and Geitel
refer to a few observations by Exner on a hill near St. Gilgen, and
to a considerable number of observations made more recently, but
with apparently somewhat primitive apparatus, on the Sonnbliek.
In view of the large variation observed on Dodabetta, more ex-

periments on the subject are clearly wanted.

§ 12. Many of the data referred to below are taken from
Le Cadet’s interesting book jStude du champ electrique de

VAtmospMre^ Paris, 1898. For small heights use may be
made of captive balloons, provided with a burning fuse,

and carrying a wire attached to an electroscope on the

ground. With such apparatus Exner {Wien, Bitz. xciii.,

1886, p. 222) found the potential gradient nearly uni-

form up to heights of 30 or 50 metres above the ground.

At great heights the potential differs so much from that

of the earth that captive balloons are unsuitable. Accord-

ingly, in 1885 a free balloon ascent was made at Vienna
by Lecher, at Exner’s suggestion. The potential gradient

was found by using two water-droppers, with their jets at

a difference of 2 metres in level. The mean of the few
measurements taken made the potential gradient at a
height of 550 metres nearly double that at the ground.

More recent experiments, however, tend to show that

Lecher’s observations, if correct, were exceptional. Per-

haps the most important of these experiments are those

due to Le Cadet himself. Like Lecher he employed two
collectors—either water-droppers or flame-collectors—but

usually with an arrangement for altering their difference

of level. Table VII. gives some of Le Cadet’s results.

Each value is usually the mean of a series of readings.

H is the height of the balloon in metres, P the potential

gradient in volts per metre.

Table VIL

Balloon Observations by Le Cadet

Date.

Aug. 1, /H 615 740 790 870 1005 1100 1160 1300
1893. \ P 75 45 35 26 29 27 38 33

Aug. 9, j H 824 830 1060 1256 1290 1746 1940 2080 2310 2520
1893. 1 P 37 43 43 41 42 34 25 21 IS 16

Sept. 11, j H 1140 1378 1630 1914 2370 2786 8136 3364 3912 4085
1897. \ P 42 6 88-0 32 6 25*3 21*7 21*2 18-8 18*7 18*8 13*2

On 11th September the value found for P at the

ground was 150. The marked tendency shown in the

table for P to diminish as the height increases is equally

prominent in other observations by Le Cadet. Thus on
24th March 1897, at heights between 1680 and 2300
metres, P varied from 32 to 28, while its mean value at

the ground as deduced from the simultaneous records of

the Lyons water-dropper was 99. Similar results were

observed in Germany by Baschin, during an ascent on
17th February 1 894. Using two “ water-droppers ”—^with

65 per cent, alcohol in the water—he found for P values

of 49, 28, and 13, answering to the heights of 760, 2400,

and 2800 metres respectively. During the ascent the

value of P at the ground varied from 98 to 181 at Pots-

dam, and from 85 to 200 at Wolfenbuttel. In opposition

to these results Tuma, during an ascent at Vienna in
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1892, found P to increase as the height increased from
410 to 1900 metres; but several recent ascents {Met
Zeit for 1899, p. 280, or Wien. Sitz.^ March 1899) lead

him to the same conclusion as Le Cadet, viz., that under
normal conditions the potential gradient diminishes as the

height increases. The possibility that a free balloon may
carry off a charge as it leaves the earth has been discussed

by Bornstein {Met Zeit^ 1898, p. 65), who shows how
such a charge could be measured if the balloon carried

three water-droppers at different levels. Supposing how-
ever a charge to exist initially, it would ten^ as Baschin
points out, to disappear when ballast was discharged.

Tuma, from experiments made on several of his recent

ascents, concluded that no charge existed on the balloon.

§ 13. If Y be the potential, p the density of free electricity at a
point in the atmosphere, at a distance r horn the earth’s centre,

we have, neglecting variations of V in horizontal directions,

r~\dldr){if^dYjdr) 4- 47rp= 0.

Throughout the limited portion of the earth’s atmosphere open
to experiment, we may for practical purposes treat as constant
in this equation, and so take p= - (ll4iTr){dldr){dYjdr). Thus p
is positive if, as recent experiments seem to show, the potential
gradient, dYjdr, diminishes as we recede from the earth.

If <r be the surface density of the charge on the earth, we have
0-= - {ll4:7r){dY/dr) where dY/dr is the potential gradient close to

the ground. As dY/dr is normally positive, the infeienoe is that
normally the earth’s surface has a negative charge.

If we take a tube of force 1 cm. cross-section, and suppose it

cut by the equipotential surfaces at the heights hi and above the
ground, then under the conditions assumed above the total charge,

M, included within the specified portion of the tube is given by

where R is the earth’s radius.

Le Cadet applies equivalent formulge to his balloon ascent of

11th September 1897, assuming the potential gradient to be 150
(volt/metre) at the ground, and 13 *4 (volt/metre) at 4000 metres.
Supposing a volt equal to ’0033 C.G.S. electrostatic units, the
charge on the ground per sq. cm. is - (160/100) x *0033-^-4^-, or ap-

proximately - ‘000396 electrostatic unit (in coulombs - 13 x lO"^*^).

The charge in the unit tube of force between the ground and the
height of 4000 metres works out at + ‘00036 C.G.S. electrostatic

unit, leaving only about + ‘000035 electrostatic units above this

level. These figures give for the average density of the charge
between the height of 4 kilometres and the ground the value
9 X 10“^® electrostatic units (3 x 10"^® coulombs). This is in-

significant compared with the density of the charges recently

given to air by Kelvin, Maclean, and Galt (see § 17). Trabert
(Met. Zeit.^ 1898, p. 401) makes a similar calculation in discussing

the probability of tbe existence of veitical earth-air currents of the
order 17 x lO-^^ amperes per sq. cm. The existence of such
currents seems indicated by the researches of A. Schmidt and
others, who have concluded that a portion of the earth’s magnetic
field cannot he accounted for by a Gaussian potential (see

Magnetism, Terrestrial, § 24). Trabert takes 130 (volt/metre)

as the most probable mean value of the potential gradient
at the ground. Answering to this, a calculation similar to Le
Cadet’s makes the surface density - 11 x 10“^** coulombs per sq. cm.
Thus Schmidt’s hypothetical mean current would transmit in one
second fully 150 times as much electricity as exists at the instant

on the earth’s surface. This would imply a rate of dissipation

about one million times larger than that found by Linss and by
Elster and Geitel in tbe absence of photo-electric action (see § 18).

§ 14. Elster and Geitel have attempted to measure the

charge brought down by rain falling into an insulated

vessel, as well as the simultaneous potential gradient in

the atmosphere {Met Zeit^ 1888, p. 95 ;
Wien. Sitz. xcix.

Abth. ii., 1890, p. 421 ;
Terrestrial Magnetism^ March

1899, p. 15). There are various serious diflficulties

—

splashing of rain-drops, influence of apparatus, surgings

in the electrometer, &c.—and though Elster and Geitel

have done their best to surmount these, they seem some-

what doubtful of their complete success. The conclusions

indicated by the experiments are : (1) raindrops almost

invariably carry a charge; the sign may be positive or

negative, and may change repeatedly in the course of a

single rainstorm; (2) the charge is more often than

not opposite in sign to the simultaneous value of the

potential gradient near the ground. On 11th May 1892,
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during a thunderstorm, the charge brought down by the

rain, when greatest, was approximately at the rate of

76 X 10“^^ coulombs per second per sq. cm. of earth^s

surface. This was the maximum met with. In their

paper in Terrestrial Magnetism^ Elster and Geitel give

graphical illustrations of their results.

§ 15. At most stations a negative potential gradient is

exceptional, except during rain or fog. During rain it is

a frequent but by no means invariable phenomenon, and ,

it seldom persists long without a recurrence to positive.

The alternations of sign during heavy thunderstorm rain

are often both frequent and sudden, and a similar pheno-

menon is not unusually observed during thick fog. In

some localities a negative potential gradient seems by no

means uncommon, even on bright calm days. Thus
Michie Smith {Phil. Mag. vol. xx. 1885, p. 456) observed

numerous instances of negative potential at Madras during

bright days in August and September. The phenomenon
was quite common between 9.30 a.m. and noon, during

westerly winds, which at Madras are very dry and usually

dusty. The presence of dust seemed to Michie Smith a

contributory cause, but dust in easterly winds was not

accompanied by negative potential. At the Finnish polar !

station Sodankyla, in 1882-83, Lemstrom and Biese I

found that out of 255 observed occurrences of negative

potential, 106 took place in the absence of rain or snow.

The proportion of occurrences of negative potential under

a clear sky was much above its average in autumn, and
much below its average in spring and summer. In many
cases Lemstrom and Biese observed no change of sign to

follow on rain or snowfall. At Polhem, in Spitzbergen,

Wijkander is reported to have observed negative potentials

almost as often as positive
;
but the potential gradients

at Polhem seem to have been abnormally low. At the

polar station Godthaab, in 1882-83, negative potential

seemed sometimes to be associated with aurora (Paulsen,

Bull, de VAcad. . . • de Lamrmrke^ 1894, p. 148).

§ 16. It has been found by Lenard, Elster, and Geitel and others,

that the potential gradient is negative near a waterfall. The
influence may extend to a considerable distance. Lenard ( WUd.
Ann. xlvi. 1892, p. 684), who has specially investigated the
matter, concludes that when pure water falls upon water the air

in the neighbourhood becomes negatively charged
;
the presence of

dust in the air is, he believes, unessential. The effect can be pro-

duced inside a closed space (Maclean and Goto, Phil. Mag. vol. xxx.

1890, p. 148), but under such circumstances the presence of dust
seems to increase the effect. A little impurity in the water markedly
diminishes the charge, and may alter its sign. More recent
experiments by Kelvin, Maclean, and Galt {Phil. Trans, vol. cxci.

A, p. 187) have shown that when air is charged by dropping
water, as in Maclean and Goto’s experiments, the charge is con^
siderably greater in the air near the level of impact of the falling

water than in that at a higher level, A sensible charge stiu
remained, however, when the influence of the splashing was
eliminated. In the opinion of Kelvin, Maclean, and Galt, this
property of falling water renders an ordinary water-dropper un-
suitable for use indoors, at least in a small room, though it

constitutes no practical objection to its use out of doors. Exner
{Wien. Sitz. (2) 1896, p. 467) observed an electrical action in the
ease of breaking sea-waves, noticing the spray to be negatively
electrified,

§ 17. Electrification is generally admitted to exist in the atmo-
sphere, but some authorities have held that it is carried by dust,

or by ice and water particles forming clouds. Lord Kelvin’s view
is that ordinary air, whether containing dust or not, can be elec-

trified, either positively or negatively. This conclusion is supported
by experiments by Kelvin and Maclean {Proo. Bay. Soc. vol. Ivi
1894, p. 84 ; PhU. Mag. August 1894), and by more recent experi-
ments by Kelvin, Maclean, and Galt {PhU. Trams. cxcL A, p. 187).
In the earlier experiments the electrification was measured by
means of a water -dropper. In the more recent ones, for the
reasons specified in § 16, other methods were employed, and by
meatus of needle points attached to an electric machine a charge of
dfOn^ily 37xl0~" C.G.S. electrostatic units was given on one
-pci^qn to ordinary air, while a, density as great as 22 x 10"*

was attained by means of an electrified hydrogen flame.
Sipping the electric machine, the electrification gradually

'rufh-A
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disappeared, but could be detected for many minutes. In the
earlier experiments little difference was observed between veiy
dusty air and air as dustless as possible. ITegative electrification
seemed to disappear, when the machine was stopped, more rapidly
than positive. In the later expeiiments it was found possible to
give a small electrification to air in other wa^s, e.g., by shaking
it up with water or solutions of various kinds, or blowing it in
bubbles through water or aqueous solutions.

§18. Linss {Met. Zeit. 1887, p. 352) found that an insulated
paste -board cylinder, covered with tinfoil and chaiged either
positively or negatively, lost its charge gradually when in the
free atmosphere. The potential V existing alter dissipation
during time t was connected with the original potential Vq by a
formula of the type V= Vo6-3*j where q though constant on a
particular occasion varied appreciably from day to day. The
formula implies that the rate of fall of the potential vanes as its

existing value (counting the earth’s potential as zero). Linus’s
experiments have been repeated by Elster and Geitel {Terrestrial
Magnetism^ yol. iv. 1899, p. 213). Their dissipator consisted of
a hollow cylinder of blackened copper, insensitive to any diiect
photo-electric effect. When used out of doois, it was piotected
from rain, wind, and direct sunlight by an insulated hood.
Regular daily observations were made for a long time, the loss
during a given interval being measured for both positive and
negative charges. In addition to numerous experiments at
Wolfenbiittel, a considerable number were made on the Brocken
and on the Alps, near Zermatt. Elster and Geitel denote the
fraction ot the charge lost per minute by E, distinguishing the
sign of the charge by the addition of -f or . In the lowlands
they found on the average E±=1‘3 per cent. In other woids,
positive and negative charges were lost, on the whole, equally
fast, and on the average a charge of 100 units lost 1*3 units in
one minute. This result agrees pretty well with that obtained by
Linss. Neither wind nor mist was found to possess much influence,

and, somewhat contrary to expectation, the most rapid loss of

charge was observed on days when the air was specially clear and
free from dust. In mountainous districts they found a change in

the phenomena, as may be seen from the following typical results,

obtained during the ascent of a peak near Zermatt :

—

Position.
Height

above Sea.
E(-f-). E(-).

Metres. Per cent. Per cent.

Zermatt valley 1620 4*5 4 4

On level ground . 2600 4*4 6*8

Near end of ridge

.

3000 2*7 7*0

Peak, Gorner Giatz . 1 3140 0*7 6*6

From these and similar observations Elster and Geitel conclude

:

(1) that normally in valleys high above the sea the rate of dissipa-

tion is greater than near sea -level, whilst remaining independent
of the sign of the charge

; (2) that on mountains, especially near

peaks, a negative charge is lost much more rapidly than a positive

charge.

A diametrically opposite phenomenon was observed by them near

waterfalls. For instance, near a fall at Zermatt they obtained

16*2 per cent, for E( -k ) as against 1 ‘9 per cent, for E( - ).

They attribute the loss of charge to the existence of small

positively and negatively charged masses in the atmosphere. In

the lowlands or in mountain valleys the two species are equally

numerous on the average, but positive masses largely predominate

near mountain peaks and negative masses near waterfalls (of, § 16).

§ 19. It has long been a disputed question whether vapour

from a charged liquid carries off part of the charge ;
it is rathp a

vital point in some theories respecting atmospheric electricity,

such as that of Exner. Various experimenters {e.g.f Blake,

Mascart, Sohncke, Pellat) have advanced what they regarded^ as

crucial evidence in favour of one view or the other. The question

is discussed by J. J. Thomson, in his Receri Researches in Met-
tricUy and Magnetism, p. 54, and Trabert has treated it more
recently in the Met Zeit. for 1899, p. 877. Several supporteis of

the view that the vapour carries off a charge, e.g., Lord Kelvin

{Proc. Roy. Soc. 31st May 1894, p. 84), have pointed out that if

it be conceded that a drop of pure water can be charged and
evaporated, the charge must be oariied off by something which is

either aqueous vapour or is unknown to science.

§ 20. In Exner’s theory of atmospheric electricity aqueous

vapour is the essential element. If, as before, P be the potential

gradient in volts per metre, and q be the density of aqueous

vapour present in the atmosphere, then, according to Exner,

Pi=A/(H-A:g'), where A and k are constants. In its extreme form

the theory would imply that the above formula applied with A
and h absolute constants in the case of every recorded value of P
on clear days. Elster and Geitel, however, in their applications

of the formida, seem generally to regard P and q as answering to

the mean values during a day’s observations. On other occasions
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tliey have attributed to A values differing from one series of ex-
periments to another. Exner himself ( IKien, Sit;., xcix. Abth. ii.

1891, p. 601) has applied his formula -vvith A=1400 and &=1*15
to observations at Vienna, Wolfenbuttel, St Gilgen, and India.
Arranging his observations in groups, each of which answers to a
narrow range of vapour density, he compaies the mean observed
and calculated values of P for the several groups. The tendency
for the mean P to be small when the mean q is large is decided.
Elster and Geitel

( Wien. Sitz. ci. 1892, p. 703) applied Exner’s
formula to groups of observations made by them at Wolfenbuttel
on quiet, comparatively clear days. They found a fair general
agreement between the observed and calculated mean values of P
lor the groups, but within the same vapour density group the
individually observed values of P often differed conspicuously.
This had been noticed previously by Exner himself. Independ-
ent critical examinations of Exner’s theory have been made by
Ohree {Proc Roy, Soc. vol. lx. 1896, p. 96), Braun (review 3Iet.

Zeit. 1896, p. 1^78]), Trabert {Met. Zeit. 1897, p. 106), and Goekel
{Met. Zeit. 1897, p. 281), dealing respectively with observations
at Kew, Bamberg, Meiningen, and Ladenburg. In each case the
•conclusion reached was that the relation between potential gradient
and vapour density is not a unique and fundamental one, as
Exner supposes. When observations taken at all seasons of the
year are combined^ together, the great majority of instances of
large vapour density (or of high temperature) will he found to
have oocuried in summer, when the potential gradient is normally
low

;
thus there can hardly fail to be a certain amount of agree-

ment between obseivation and any theory which associates low
potential with high vapour density (or high temperature).

§ 21. In 1887 Hertz {JFied. Ann. xxxi. p. 983) found that the
discharge between two poles was facilitated by the piesence of

Ultra"
ultra-violet light. Subsequent experimenters (see J. J,

violet
Thomson’s Recent Researches vn Electricity^ arts, 39 to

jy - ^
t^3,t the seat of this action was the cathode,

^ ’ and further, that various metallic substances—^notably

freshly-polished zinc—when insulated became positively electrified,

or rapidly lost a negative charge when exposed to ultra-violet

light from any source, including the sun. This species of dissipa-

tion is confined to negative charges, and depends principally on
the material of the charged surface and the freshness of its polish

;

but it also depends on the nature of the surrounding gas and its

pressure. The property, though prominent in potassium, sodium,
and zinc, is inconspicuous in most common materials at the earth’s

surface ; Elster and Geitel, however ( Wied. Ann. xliv. 1891, p. 722),
found sensible traces of it in fluorspar and a few other mineials.

The earliest recognition of ultra-violet light as a possibly important
factor in atmospheric electricity, seems due to Arrhenius {Met.

Zeit. 1888, pp. 297 and 348). Whilst mentioning the possible

effect of ultra-violet light incident on the earth or on particles in
the atmosphere, he relies mainly on its making the air it traverses

conduct electrolytically, Elster and Geitel, on the other hand,
attach main if not exclusive importance to its action at the earth’s

surface. From experiments with electric light they concluded that

2, the rate of loss of a negative charge by a small sphere of freshly

amalgamated zinc, was connected with J, the intensity of ultra-

violet light, by a linear relation 2=a-t-6.T {Wien. Sitz. ci. Abth.
ii. 1892, p. 703). Having found a and 6 experimentally, they
determined J from day to day from the observed rates of loss of

charge in sunshine. They tried several formulae connecting J
with the potential gradient P, the simplest being of the type
P=A/(a+/3J), where A, a, ft are constants. In comparing ob-

served and calculated values of P, they followed Exner’s example,
arranging the observations in groups according to the value of J.

Whilst some of the series of observed and calculated mean group
values show a surprisingly good agreement, individual observations

within the same group often differ conspicuously. More recently

Brillouin and Buis-son (reviewed Met. Zeit. 1898, p. 38) have
found that dry ice is sensitive to ultra-violet light, the influence

bein^ of the order of one-tenth of that observed with zinc. As
the ice surface melts, the effect rapidly diminishes, becoming
vanishingly small when a complete layer of water has formed.

This discovery has been questioned by Benndorf. If confirmed,

it would increase the probability that ultra-violet light plays an
important part in atmospheric electricity.

§ 22. Eecently, owing mainly to the researches of C T. E.
Wilson, evidence has accumulated as to the existence in atmo-
spheric air of nuclei—other than dust particles—which act as

centres of condensation for water vapour, when supersaturation is

produced artificially. Wilson found that ions acting as nuclei

can he called into existence by Eontgen rays, Uranium rays, and
ultra-violet light acting on negatively charged zinc or even on
moist air. J. J. Thomson {Phil. Mag. Dec. 1898, p. 633) pointed
out that if the positive and negative ions should differ in their

power of condensing water vapour, then a cloud might for*m round
the one set of ions, and that as the cloud particles fell under
gravity, electrical separation would take place. Wilson {Phil,

Tram, cxciih p. 289) has found that ions produced by Ebnigen
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rays do really show this difference, negative ions serving as con-

densation nuclei under considerably less supersaturation than
positive ions. He found, however, that the non-dust nuclei,

always present in small numbers in the atmosphere, and the

nuclei produced in moist air by ulti a-violet light do not behave as

fiee ions ;
and whilst there is consideiable reason to believe that

ionization develops in these nuclei in the process of supersatura-

tion this remains to be proved. Supposing ions to act as con-

densation nuclei in the atmosphere, Wilson’s experiments seem
to indicate that this action would be chiefly limited to negative

ions, and that the rain so formed would mainly carry down negative
electricity. As he himselt remarks, however, Elster and Geitel’s

experiments (§ 14) do not show any conspicuous preponderance
of negative electricity in rainfall. Again, the supeisaturation

required before even negative ions act as condensation nuclei is

considerable, and Aitken {Pfatnre, March 1900, p. 614) believes

that the number of dust particles usually present in the atmo-
sphere is so laige as to afford little opportunity for ions to act.

Elster and Geitel on the other hand {Terrestrial Magnetism^ vol. iv.

1899, p. 213) regard the action of ions, positive as well as negative,

as in all probability a factor of importance.

§ 23. Everett {Phil. Trans. 1868, p. 347), in discussing the
Kew atmospheric electiicity results, specified certain points of

resemblance between the diurnal variation and that of barometric
pressure. The two elements agree in having two maxima and
minima in their diurnal inequalities, and the times of their

occurrence, at least at Kew, are fairly similar. Hann {Met. Zeit.

1889, p. 106 ; 1890, p. 29 ; 1891, p. 113) has dwelt on this re-

semblance in reviewing atmospheric electricity observations at

various stations, and has further pointed out that the relative im-
portance of the semi-diurnal as compared with the diurnal term in a
Fourier analysis, in the case of electric potential as in that of baro-

metric pressure, appears less in arctic than in temperate latitudes,

and is greatest in tropical stations.

§ 24. In the papers mentioned in § 20, Ohree, Braun, Trabeit,

and Goekel all describe a closer association of high potential

gradient with low temperature than with low vapour density.

Trabert seems almost disposed to regard this association as funda-
mental, in the absence presumably of disturbing causes such as

rainfall. If this were the case, we ought to encounter exceptionally

high potential gradients at arctic stations, especially at night in

wmter. At Cape Thorsden, however, so far as the recorded posi-

tion of the water-dropper enables one to judge, the potential

gradient was exceptionally low. At Sodankyla, Lemstrom and
Biese found that the mean potential gradient for the colder half of

the day was considerably less than that for the warmer half during
winter and spring, and that for the year as a whole, the mean
gradient during the warmer hours stood to that during the colder

hours in the ratio 823 : 736. Again, while the chief maximum in

the diurnal inequality of the potential gradient usually ocouis after

sunset, the principal minimum at many stations occurs before sun-
rise, when the temperature is at its lowest. Finally, whilst the
diurnal inequality of the potential gradient usually shows two
maxima and minima, that of temperature has normally hut one.

§ 25. Observations by Elster and Geitel on 19th August 1887,
and by Ludwig on 22nd January 1898 {Met. Zeit. 1888, p. 27, and
1899, p. 281), agreed in showing a diminution of potential gradient

during the totality of a solar eclipse, followed by a smart rise after

totality. These observations possess a certain significance in con-

nexion with the ultra-violet light theory of Arrhenius, to which
they seem opposed. Sudden changes of potential gradient are,

however, so frequent, that much weight cannot be assigned to

observations so limited in number. Observations under somewhat
analogous conditions, but pointing to an opposite conclusion, are

described by Goekel {Met. Zeit. 1899, p. 481). During several days’

observations in a small oasis, El Mora near Biscra, he found a

marked tendency in the potential gradient to rise rapidly just after

sunset.

§ 26. Lemstrom {Brit. Assoc. Report for 1898, p. 808) has been
experimenting since 1885 on the influence of artificial electric fields

or currents on the growth of plants. The influence is, he says,

in general highly beneficial
;
for instance, it shortens the time

required by strawberries and raspberries to ripen, and increases the

yield. It may, however, be injurious, especially during bright

days, unless abundance ofwater is provided. Lemstrom believes

atmospheric electricity to play an important part in the growth of

vegetation in high latitudes, and he assigns a special rtle to the

needles of fir and pine trees. E. H. Cook (Brit. Assoc. Report

for 1898, p. 809) describes experiments somewhat similar to

Lemstrom’s. He observed a beneficial effect on plants ^own
under a pole—especially the negative pole—of a ^im&urst
machine or an induction coil. Cook refers to experiments aiming
at the direct utilization of atmospheric electricity.

§ 27. The beginning and ending of thunderstorms at a

station are seldom very clearly defined, and the duration

is very variable, so that the eotact significance to he at-
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tached to figures showing the diurnal inequality of

thunderstorms is open to a little uncertainty. The data

in Tables VIII. and IX. are all quoted by
Thunder-

Zeit. 1888, p. 348), except those
s arms.

Edinburgh, which are from a paper by Moss-

man (Trans. R. S. E. vol. xxxix. p. 63). The data for

Belgium are due to Lancaster, those for Italy to Ferrari

;

in the latter case only storms lasting less than three hours

are included. The data for the Eussian empire are due to

Klossousky; they are based on ten years' observations,

1870-79. In all cases the figures represent percentages of

the total number, afternoon hours are dashed.

Table YIII.

Relative Diurnalfrequeney of Thunderstorms.

Table XL
Total deaths by Lightning,

April.

i §
1-3

August.

September.

Winter.

Total.

England and Wales
(24 years)

10 46 127 114 93 30 23 443

United States

(8 years)

116 S87 641 683 484 153 82 2496

Interval. 0—2 2—4 4—

6

6—8 01 10—12 O'—2' 2'—4' 4'—6'
1
6'—8' C3CO 10'—12'

Edinburgh. 1-7 2*0 1-4 1-7 4-7 14*2 22*4 23*7 11-9
'

9-2 6-1 2*0

Belgium . 3*0 29 1’7 1*8 20 6-4 12*9 21-6 19-4 16-8 84 4*1

Italy 1*3 1-6 1-4 2-0 3*0 8-5 19-5 26-5 16-6 9-8 8-3 1-5

Table IX.

Relative Diurnalfrequency of Thunderstorms.

Interval. 0-3 3—6 6—9 9—12 O'—3' 3'—

6

6'—9' 9'-12'

North Russia 1*9 3-8 11-3 28-3 22*6 24*5 7*6

Baltic Provinces,

Finland

3*3 2-6 4 1 14T 23*3 29 '5 14*9 8*3

West Russia 3-1 4-6 3*4 6T 21-0 29*9 21*8 10*1

Central „ 3-1 3-1 3-3 8-7 26*6 27-6 20*8 6*9

Ural . 3-6 2-6 2*2 8*3 24*2 28*7 20*6 9*8

Siberia 2-7 3*0 2-6 9*2 25*1 28*6 18*3 10*5

Caucasus . 4-5 1*2 0-9 4*1 14*6 31*8 28*3 14*6

South Russia 6-6 4-9 11-6 12-9 25*8 16-6 11-7 11-0

Mean

.

3-6 3-0 3*1 8-5 23-6 28*3 20-4 9-6

§ 28. Table X. shows how the number of thunderstorms
varies throughout the year. The figures are percentages

of the total number recorded. The epochs covered and
the sources of the figures are as follows : Edinburgh,
1770-1896, Mossman (Trans. B. S. E. vol. xxxix. p. 63);

Table X.

Relativefrequency of Thunderstorms throughout the Year.

1

April.! May. June.
*

July. Aug. Sept. Oct. Nov. Dec. Jau. Feb. Mar.

Edinburgh. . 3-8 12-6 20-8 28*5 18*8 7-2 2-2 0-9 0*9 1*8 1*2 13
London 6*6 12-7 18-3 25*6 19*2 9-3 3-1 1-7 0*9 0-6 0-5 1-6
Fans . 7*5 14 9 21-6 22*0 17-0 9-9 3-5 0-4 0*4 0-2 0-4 2-3

Hungary 5-7 16 2 25-8 23*3 17-0 6*9 2-4 0*6 0 3 0*1 0*4 1*3
Batavia 10-5 7-9 6-5 4-8 3-8 5*4 8-8 12-2 10-9 10-4 9*2 11*1

West Siberia 0-8 11*5 28-0 36*4 20*1 3-0 0-2
North Russia 0*7 7*5 27*6 32-2 24-4 5-5 2*1
South „ 3‘3 14-2 27-3 26-4 15-2 8-3 5-3
Italy . 7*4 7-2 19*1 17-2 16-5 14-6 18-2

London, 1763-1896, Mossman (Qua/rterly Jourrud of R
Met. Socy. vol. xxiv. 1898, p. 31); Paris (Parc St Manx),
1873-93, Eenou (Met. Zeit. 1894, p. 277); Hungary,
mean from numerous stations, 1871-95, H6jas (Met. Zeit.

1899, p. 219) ;
Batavia, 1867-95 (Mag. amd Met. Ohservor

tions, vol. xviii. 1895); Eussian provinces, 1870-79, and
Italy (1882-83) from Axrhenius (Met. Zeit. 1888, p. 348).
In the last-mentioned cases the data for winter are lumped
together, so for convenience the year starts with April.

Alongside this last table it is instructive to place the
following particulars as to the number of persons killed

by lightning in different months in England and Wales
during the twenty-four years 1857-80 (E. Lawson, Quart.
Jourrial R. Met. Eoc. vol. xv. 1889, p. 140), with corre-

sponding data in the United States during the eight years
1891-98 (Hen^, Bull. No. 26, U.S. Dept, of Agriculture,

1899), The six winter months October-March are grouped

§ 29. If we compare Tables VIII., IX., and X., with
Tables I., II., and III., we see that to a certain

extent high thunderstorm frequency and low
potential gradient vary in parallel lines. Thus,
thunderstorm frequency and intensity are greatest
about midsummer, when potential gradient is least,

and there is at most stations a minimum of potential

gradient in the afternoon at about the same hour as
the thunderstorm maximum. The connexion is,

however, far from close. Thus we have the thunderstorm
minimum occurring alongside of the early morning poten-
tial gradient minimum; and the diurnal and annual
variations in thunderstorms appear much more accentuated
than the corresponding variations in potential gradient.

§ 30. When we consider the influence of geographical position,

we also find thunderstorm frequency more variable than potential
gradient, at least so far as is at present known. If we accept
Exner*s observations of potential as representative, the mean
potential gradient does indeed diminish as we pass from temperate
to tropical climates, but we do not encounter such notable dis-

crepancies as are presented in Table XIL The data are from the
sources already mentioned.

Table XII.

Average Number of Thunderstorms in a Yem.
Edinburgh, London, Pans, Batavia,
1770-1896, 1768-1896. 1873-93, 1867-95.

6 '4 10-7 27*8 120

It must be allowed that the drawing of safe conclusions from
thunderstorm data is particularly difficult, owing to the differences

between the records from stations in the same latitude. Instructive
illustrations are afforded in Plate I. of the memoir by A. J. Henry,

on United States thunderstorms mentioned above.

In some parts of the Pacific states the average
annual number is put at from 1 to 5, as against 30 tO'

45 in some of the central and south-eastern states.

Even in some quite small areas, especially islands or

coast districts containing high mountains, the differ-

ences in thunderstorm frequency are great. There
is the further consideration that a great deal may
depend on the observer.

§ 31. Other thunderstorm data are more independ-
ent of the imagination, but all seem attended by
sources of uncertainty. An illustration is afforded by
the following statistics from the paper by Lawson
already mentioned, giving the average number of

persons killed annually per ten million inhabitants
in various districts of England and Wales. The original treats

separately the epochs 1852-61, and three following decades.

Table XIII. gives only the final means. The letter M denotes,

“midland”
;
N, north

; S, south, &c.

Table XIII.

Persons killed annually per Ten Million InJiabitants.

London. S.B. S.M. B. S.W. W.M. N.M. KW. York. N. Wales.

1*3 8*0 12*3 12-7 5-6 10*7 18'0 6*6 ,11-4 10-4 9*1

The north - midland district (Leicester, Rutland, Lincoln^

Nottingham, and Derby) showed the largest proportion of persona

killed during each decade, and London (metropolitan area) the

least. Erom what is known otherwise, there can hardly be any
doubt that one would be seriously in error if one supposed the

figures in Table XIII. to be an exact measure of relative thunder-
storm intensity. The figures are largely influenced by the fact

that persons employed indoors have much less chance of being

struck by lightning than those out of doors. As emphasizing this

fact, Lawson mentions that between 1862 and 1880, only 104

females were killed by lightning, as against 442 males,

§ 32. Table XIV. gives the mean annual number of thunder-
storms recorded per decade at Edinburgh, London, and Tilsit.
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The Edinburgh and London data are from the papers by Mossman
already mentioned, those for Tilsit are due to Kassner (see Met, Zeit,

for 1894, p. 237).

Table XIY.

Mean Annual Number of Thunderstorms.

< Decade ending 1800 1810 1820 1880 1840 1850 1860 1870 1880 1890

Edinburgh .
4-0 4-9 5-7 7-7 i6*7 5*7 6-5 5*4 10-6 9*4

London 7-9 9-5 8-3 11*5 11-8 10-5 11-9 9*6 15*7! 13*0

Tilsit . 12T 12T 16T 15*3 11-9 17*6 21*8

Mossman expresses the opinion that the apparent recent increase
in the frequency of thunderstorms at Edinburgh and London is, to
some extent at least, a true phenomenon. Unquestionably the
two sets of figures show corroborative features—notably the tall in
the decade 1861 to 1870—but it is difficult to feel certain that
the notable extension in the limits of both cities may not have
exercised an influence. The diminished intensity in the decade
1861-70 is, it may be added, in accoid with Lawson’s vital

statistics. In Germany various authorities believe in a great
recent increase in thunderstorms. Yon Bezold {Berlin. Sitz, 1899,
Ho. 16) has given a table showing the number per million of
insured houses struck in Bavaiia for each year from 1833 to 1897.
Prior to 1868, the number struck in one year never exceeded 78
per million ; between 1868 and 1883 it exceeded 100 per million
in five, but only five, years

;
since 1884 it has only once been less

than 100 per million, and it exceeded 200 per million in 1895,
1896, and 1897. Kassner (reviewed Met. Zeit. 1890, p. 385), deal-

ing with similar insurance statistics for Central Germany, concluded
that during the twenty-six years 1864 to 1889, destructive lightning
strokes had increased 126 per cent, as against an increase of only
11 per cent, in houses. Yon Bezold seems to accept a large

increase in thunderstorm intensity in Germany as an undoubted
fact, and he is disposed to associate it with the great increase in
smoky factory chimneys, and in the number of wires and rails all

over the country. It is possible, of course, that changes in the
ordinary height or construction of buildings, or influences which
only an insurance expert could assess, may have had an effect.

§ 33. Table XY. gives data based on the number of trees of

different species struck by lightning during a series of recent years

in the forests of Lippe, in Germany, as quoted by Henry {f.c,).

Table XY.

Species of Tree. Oak. Fir. Pine. Beech. Larch. Ash. Birch.

Total struck 159 59 20 21 7 5 4

Mean liability . 57 39 6 1 ...

In calculating the liability, allowance is made for the relative

numbers of the different species. The different years are treated

separately, the liability of beech to be struck being taken as unity
throughout. Prohaska (see Met. Zeit. 1899, p. 128) gives some-
what analogous data for Styria. He concludes that oaks, poplars,

and pear trees are especially liable to be struck, while beech is

exceptionally safe. Jonesco (see Henry, l.c.) has concluded from
experiments that fresh wood, rich in starch, but poor in fatty

material, possesses the greatest electrical conductivity, and that
the conductivity in some species of living trees varies a good deal

with the season of the year. He believes that the liability to

be struck by lightning is greater the higher the conductivity.

Allowance must, however, be made for the fact that different

species of trees attain different heights, and that one species may
be common in marshy, another on rocky ground. According to

Heilman (quoted by Henry), the liability to lightning stroke on
different soils in Germany may be put at : chalk 1, clay 7, sand 9,

loam 22s Differences of this kind might influence the apparent
liability of different species of trees to be struck.

§ 34. Luminous discharges from pointed objects are not in-

frequent in mountainous districts, especially during thunderstorms.
On the Sonnblick, where the phenomenon is of frequent occurrence,
St Elmo’s fire has been found to answer to a discharge sometimes
of positive, sometimes of negative electricity (Elster and Geitel,

Met. Zeit, 1891, p, 821, and 1894, p, [68]). The colour and appear-

ance of the light differ in the two cases, red predominating in a
positive, blue in a negative discharge. Stade {Met. Zeit. 1898, p.

238) also describes the appearance ofSt Elmo’s fire of different signs,
as observed on the Brocken.

§ 35. A description of the more prominent features of aurora
will be found in the JEncy. Brit. vol. xvi. pp. 177, 178, 183. Table

Auroras. contains some statistics more recently published
as to the relative frequency of auroras in different

months of the year. The data for Scotland and London are

from papers by Mossman (see Met. Zeit. 1898, p. 307), the rest are

quoted by Ekholm and Arrhenius {Ktmgl. Svenska Vetenkaps-
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Akademiens Mandlingar, Bd. 31, No. 2, 1898). The figures are

percentages of the mean number for the year.

Table XYI.

Itelatimfreqiie^icy of Auroras throughoid ike Year,

N.E. Scot-
land (122
years).

London
(1S9 years).

Non\ay
(1801-95).

United
States

(1871-93).

From 16“ S.

to 39“ S.

(17S3-1S94).

Januaiy .
10*9 8*6 11*5 6*3 4*6

February .
12*7 10*5 15 2 9*2 5*8

March 12*0 10*2 15*4 8-8 9*4

April 7*1 10*7 4*1 10*9 12-7

May 2*2 4*0 0 3 8*0 3*8

June 0*0 1*1 0*0 6*7 3*8

July 0*4 1*9 0*0 7*7 2*4

August .
4*4 5*6 0*8 7*6 7*2

September 12*9 14*5 9*6 10*9 11*9

October . 15*8 16*9 16*2 10*3 21*1

November 12*0 9*6 15*0 7*8 10*4

December

.

9*6 6*4 11*9 5*8 6*9

Table XYI. is in general agreement with the statement in the
Mncy. Brit, that auroras are most frequent near the equinoxes. In
comparing winter and summer data, especially in high latitudes, it

must be remembered that faint auroras are invisible in twilight.

§ 36. Table XYII. may be regarded as a continuation of one in
the Eney. Brit. vol. xvi. p. 178. It gives Wolfs relative sun-spot
numbers alongside of numbers proportional to the frequency of
auroras. In the case of Edinburgh the figuies are the actual num-
ber of auroras as given by Mossman {l.c. ). The other data are from
a paper by Ekholm and Arrhenius {K. Svenska Fet.-Akad. Sand.
Bd. 31, No. 3, 1898).

Table XYII.

Sun-^ot and Auroral Frequency.

Year.

1

Wolfs
1

Number.

Auroial Freq.uency.
|

Edinburgh. N. America. 16* to 39“ S.

1869 78-9 1 5 3

1870 139*1 19 123
1871 111*2 21 408 60
1872

B B Bi H
BT^fl^Buj^B 0 676

877
1878 3*4 1 258 0

1879 6*0 0 405 1

1880 32*3 12 646 5

1881 54*3 2 804 17
1882 59*6 5 860 138
1883 6S-7 2 686 28
1884 63*5 3 533 0
1885 52*2 5 728 2

1886 26-4 6 974 8

1887 13*1 0 610 3

1888 6*8 1 759 9

1889 6*3 0 336 1

1890 7*1 0 358 1

1891 35*6 7 732 1

1892 78-8 9 614 48
1893 84-9 2 1067 9

1894 78-0 8 ... 12

§ 37. During the polar year, September 1882 to September 1888,
numerous aurora observations were made at many of the stations.

Those at the Finnish station, Sodankyla, have been discussed by
Lemstrom and Biese {Exped. Folaire Fi/nlandaise, t. iii., Helsing-
fors, 1898). In addition to the more usual phenomena the Finnish
observers noticed a variety of others. On a good many occasions,

in the absence of ordinary aurora, they saw a yellowish-white
illumination, showing in the spectroscope the characteristic auroral
line (wave-length 5569 xlO"^ mm., according to Lemstrom), On
some occasions, in the absence of any phenomenon visible to the
unaided eye, Lemstrom saw the auroral line wherever he turned
the spectroscope. The most outstanding phenomena, however,
described by Lemstrom and Biese are artificially produced lumin-
osities, in the shape usually of flames, hut occasionally resembling
auroral rays. The auroral line was usually detected, but was
feeble. The apparatus consisted of a number of sharp points con-
nected hy wires carried on insulators, the whole enclosing an area
of several hundred square metres on the top of one or other of a
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series of hills near Sodankyla. Sometimes a Holtz machine was
introduced into the wire circuit, and when worked it enhanced
the effect, or even rendered it visible when previously unseen.

Coloured illustrations represent the artificial phenomenon on
several occasions as very prominent, and extending to a consider-

able height.

§ 38. At the Danish polar station, Godthaab, Paulsen saw on
several occasions auroral sheets, which seemed to be suspended
vertically like curtains and to sweep past with great velocity,

travelling from magnetic south. At Paulsen’s suggestion, Lieut.

Vedel of the Ryder Arctic Expedition, 1891, 1892, kept a lookout for

this phenomenon, and was able on a variety of occasions to observe

the decimation magnet during its occurrence. According to these

observations—made on an island in Scoresby Sound, 70° 21* N. lat.

—the needle moved to the west as the auroral curtain approached
from the south, oscillated as the curtain passed overhead, and then
moved to the east as the curtain receded towards the north (Paul-

sen, Bull, de VAcad. Boy. .. .de DammiarJc, 1894, p. 148). Paulsen
believes the phenomenon to imply the existence of an electric

current directed downwards in the space occupied, or seemingly
occupied, by the auroral curtain.

§ 39. Hxunerous attempts have been made to determine the
height of auroral displays. Simultaneous theodolite observations

Height of frequently been made from two stations at a

auroras. considerable distance apart. The calculated heights
in mean latitudes have often exceeded 100 kilome&es.

At Godthaab the calculations of the Danish observers often put
auroral arcs at heights under 10 kilometres, and occasionally under
2. From the observations at Sodankyla, Lemstrom thought it

doubtful whether the objects seen from the two ends of the base
were really the same. The question has been treated with great

fulness of detail by Cleveland Abbe {Terrestrial Magnetism^ vol.

iii., 1898, pp, 5, 63, and 149) ; he seems disposed to doubt whether
what the observer sees as aurora has an independent objective

existence.

§ 40. The subject of lunar influence has Jpeen treated by Ekholm
and Arrhenius in several papers dealing with a great mass of
observations, and containing many useful references {K. S'om. Vet-
AJcad. JECand.^ Bd. 19, Ho. 8 ;

Bd, 20, Ho. 6 ; Bd. 31, Ho. 2). In
the case alike of electric potential, thunderstorms, and auroras, they
find a conspicuous tropical lunar period, 27*32 days. They con-

clude, however, that the synodic lunar period, 29*63 days, found

by Fritz in auroras is not real, arising simply from the fact that
moonlight affects the visibility of auroras. An investigation by
Polls {Met. Z&it., 1894, p. 230) seems to indicate a synodic lunar
period in thunderstoims at Aachen. Investigations into thunder-
storm. data at Paris by Renou {Comptes Eeudus, cxviii. p. 140), and
into similar data at Batavia {Batama Observations, vol. xviii, 1895) on
the other hand, would indicate that if a lunar influence exists it is
small. Ekholm and Arrhenius {K. Sven. Vet. -AJcad. Hand., Bd. 31
Ho. 3) have also examined into the existence of a period of appioxi-
mately twenty-six days. They decide in favour of the existence of
such a period, not merely for thunderstorms and auroras, but also
for magnetic storms and for the amplitude of diurnal variation of
magnetic elements. The most probable value for the peiiod is,

they find, 25*929 days. The methods and conclusions of Ekholm'
and Arrhenius have been critically discussed by Schuster in
several papers with somewhat unfavourable results. (See Mag-
netism, Terrestrial, § 14).

Authorities.-—Lord Kelvin (Sir W. Thomson). Tapers m
Electrostatics and Magnetism. — Georges le Cadet. Etude
du champ ilectrique de VAtmosphere. Paris, Lyon, 1898.—McAdie and Henry. “Lightning and the Electricity of
the Air,” Bulletin Ho. 26, XJ.S. Department of Agriculture,
Weather Bureau. Washington, 1899.—Publications of Observa-
tories running Water-droppers, e.g., Greenwich, Magnetical and
Meteorological Observations; Batavia, Observations made at the
Magnetical and Meteorological Observatory at Batavia (especially
vol. xviii., for 1895) ;

Lisbon, Annaes do Observatorio do Infante
B. Imiz.—Publications descriptive of Observations of Aurora at
Stations of International Polar Year 1882-83 (Fort Rae, Godthaab,
&c. ), more especially the two following, descriptive also of obser-
vations of potential gradient : Observations faites au Cap Thors-
dsn Spitzberg, tome ii. Stockholm, 1887. Expedition Tolaire
Finlandaise (1882-84), tome iii. Helsingfors, 1898. The following,
amongst somewhat numerous, historical reviews of our knowledge
of atmospheric electricity, must also be noted :

—

Exner. Wien.
SUzungsherichte, xciii. (Abth. il), 1886, p. 222.—Arrhenius.
Met. Zeitschrift, 1888, p. 297 and p. 348.—El&ter and Geitel.
Met. Zeitschrift, 1890, p. 262, and Bull. Ho. 11, U.S. Weather
Bureau, partii. p. 610. Washington, 1895.

—

Schusier. Natwre,
vol.'liii., 1896, p. 207.

—

Trabert. Met. Zeitschrift, 1898, p. 401.

—Exner. Met. Zeitschrift, 1900, p. 629. (q Ch)

Atrek, a river rising in the Persian province of

Horassan, enters the S.E. corner of the Caspian Sea, after

a course of nearly 300 miles. In its lower course it forms
the frontier between Persia and Eussia.

Attleboroug'hi a town of Bristol county in

south-eastern Massachusetts, U.S.A. It has an area of

28 square miles, with a rolling surface, and contains a
large rural population, with a village of considerable size,

bearing the same name as the town. This has manufac-
tures of a varied character, largely jewellery. It is on
the New York, New Haven, and Hartford railway. It

was incorporated in 1694:, Population (1890), 7577

;

(1900), 11,335.

Attock, a town and fortress of British India, on the

Indus, in the Eawal Pindi district of the Punjab, 47
miles by rail from Peshawar. In 1883 an iron girder

bridge of five spans was opened, which carries the North-
western railway to Peshawar, and which also has a sub-

way for wheeled traflic and foot passengers. The military

importance of Attock has diminished, but it still has a

garrison of artillery and infantry. St. Peter’s Church is

a fine building. Popnlation, about 3000.

Atui. See OooK Islands.

Aube, a department in the E. of France, watered
by the Seine and its tributary the Aube.

Area, 2327 square miles, with 26 cantons and 446 communes.
The population decreased from 267,874 in 1886 to 261,436 in 1896
and 246,696 in 1901. The chief towns are Troyes (52,000 in-
habiifcants in 1896), Bar-sur-Anbe, Bar-sur-Seine, Nogent, Arcis,

RomiEy. Births (1899), 4647, of which 463 were illegitimate

;

dhaiiia, 6641 J
mamages, 1693. In 1896 there were 696 schools,

with 32,000 pupils. One per cent, of the population was illiterate.

The land under cultivation comprised 1,383,200 acres, of which
918,840 acres were plough-land, and 41,990 acres in vines. The
wheat crop in 1899 yielded a value of £1, 100, 281. Rye, barley, oats,

and mangold-wurzel also contribute to the agricultural wealth of
the department. The production of vines in 1899 amounted to the
value of £300,000. In 1899 the live stock numbered 31,220 horses
and 88,790 cattle. As it lacks both coal and iron, the department
does little in the way of working metals, producing only cast-iron

and steel to the value in 1898 of £60,000
;
but the textile industry

has assumed large proportions around Troyes, where the cotton

manufacture employs 24,000 looms and 70,000 spindles.

Aubervilliers-Ies*-Vertus, a French village

in the arrondissement of St Denis, department of Seine,

on the canal St Denis, 2 miles from right bank of Seine

and 1 mile N. of the fortifications of Paris. Near it is a

fort of the 2nd line. Manufactures include chemicals,

glue, cardboard, printing ink, and glass, and there are

iron-works. Population (1881), 19,340; (1891), 24,757;

(1896), 27,064; (1901), 31,215.

Auburn, capital of Androscoggin county, Maine,

IJ.S.A,, situated on the Androscoggin river, which fur-

nishes abundant water-power. It has communication by

three railways, the Maine Central, the Grand Trunk,

and the Portland and Humford Falls. Its manufactures

consist mainly of cotton goods and boots and shoes.

Population (1880), 9555; (1890), 11,250; (1900), 12,951.

Auburn, capital of Cayuga county. New York,

IJ.S.A., situated in 42° 55' N. lat. and 76° 35' W. long.,

at the outlet of Owasco lake, at an altitude of 673 feet.

Though the site is hilly its plan is regular. The city is

divided into ten wards, has a good water-supply pumped
from the lake, and most of its streets are macadamized.
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Its manufactures are extensive, in 1890 having a value

of more than $9,000,000, and consist largely of agri-

cultural implements and boots and shoes. The city is

traversed by the New York Central and Hudson River
and the Lehigh VaUey railways. It was the home of

William H. Seward, secretary of state during the Civil

War and the period of reconstruction. Population (1880),

21,924; (1890), 25,858; (1900), 30,345.

Auch| chief town of department Gers, France, 426
miles S.S.W. of Paris, on railway from Agen to Toulouse.
There are a civil and military hospital and a large asylum.
Important articles of commerce are wine, corn, and wool

;

poultry are extensively exported, and its p^tes-de-foie (of

duck) are esteemed; marble and spar are worked.
Population (1881), 9560; (1891), 9273; (1896), 9313;
(1901), 13,939.

AuckiSindy an important seaport, on the southern
shore of Waitemata harbour, Eden county, in the province

of Auckland, North Island, New Zealand. It is the

largest and most beautiful town in New Zealand. Its

public library and art gallery owe much to the generosity

of Sir George Grey and other citizens. Its museum shows
the best existing collection of Maori art. The extension

of the city has not marred the charm of the surroundings.

These, indeed, have been beautified by gardens and tree

planting. The industries are substantial, among them !

being sugar-refining, shipbuilding, and manufactures of
j

rope and twine, bricks and tiles, while there are also timber
works. The harbour accommodation is very good, and
includes two graving docks, of which one (the Calliope)

is 525 feet long, the other 312. The total trade in

1893 was £2,744,277; in 1896, £3,236,605; in 1899,

£4,071,323. The registered tonnage of sliipping in 1899
was—inwards, 311,827 tons; outwards, M4,351 tons.

Population of borough (1871) 18,000, (1881) 26,083,

(1901) 34,216; of province (1901) 175,854.

AudCi a department in the S. of France, bordering

on the Mediterranean. It is traversed by offshoots of the

Pyrenees and of the Corbiferes, and watered by the Aude.

Area, 2448 square miles, distributed among 31 cantons and 439
communes. Population, 332,080 in 1886 : 310,613 in 1896 ; 313,631
in 1901. The chief towns are Carcassonne, the capital, with a
population of 30,000 in 1896, Castelnaudary, Limoux, and Naxbonne
(30,000 inhabitants). Births in 1899, 6233, of which 232 were ille-

gitimate
;
deaths, 6227 ; marriages, 2286. In 1896 the primary

schools numbered 836, with 45,000 pupils. Four per cent, of the
population was illiterate. The surface under cultivation measured
975,650 acres, ofwhich 476,710 acres were plough-land, and 284,000
acres laid out in vines. In this latter culture Aude holds the third

rank in France, in respect of extent of cultivation. In 1899 the
wheat crop yielded a value .of £463,203; maize is one of the
cultures next in importance. In 1899 the vines gave a gross return

of the value of £4,040,000. The mulberry is also grown. In
1898 the live stock numbered 25,136 horses and 31,080 cattle.

Aude produces a little iion and (1898) 8000 tons of sea salt.

There is no working in metals, and the other industries, giving way
before all-engrossing viticulture, are quite inconsiderable.

Audenarde. See Oubenabpe.

Audran, Edmond (1842-1901), French musical

composer, was born at Lyons in 1842. He studied music
at the ^cole Niedermeyer, where he won the prize for

composition in 1859. Two years later he accepted the

post of organist of the church of St Joseph at Marseilles.

He made his first appearance as a dramatic composer
at Marseilles with L^Owtb et U Foeha (1862), a musical

version of one of Scribe^s vaudevilles. This was followed

by La Gherchmse d^F^prit (1864), a comic opera, also pro-

duced at Marseilles. Audran wrote a funeral march on
the death of Meyerbeer, which was performed with some
success, and tnade various attempts to win fame as a writer

of sacred music. He produced a mass (MarseilleSj 1873),
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an oratorio, La Sulamite (Marseilles, 1876), and numerous
minor woiks, but he is known almost entirely as a com-
poser of the lighter forms of opera. His first Parisian

success was made with Les Faces dlOlivette (1879), a work
which speedily found its way to London and (as Olivette)

ran for more than a year at the Strand Theatre (1880-81).

Audran’s music has, in fact, met with as much favour in

England as in France, and all save a few of his works
have been given in a more or less adapted form in London
theatres. Besides those already mentioned, the following

have been the most undeniably successful of Audran’s
many comic operas : Le Grand Mogol (Marseilles, 1876;
Paris, 1884; London, as The Grand Moguls 1884), La
Afoscoiie (Paris, 1880; London, as The Mascotte, 1881),
Gillette de Narhonne (Paris, 1882 ; London, as Gillette^

1883), La Cigale et la Fov/rmi (Paris, 1886; London, as

La Cigale^ 1890), Miss HUyett (Paris, 1890; London, as

Miss Decivm^ 1891), La Foupee (Paris, 1896; London,
1897). Audran was one of the best of the successors

of Offenbach. He had little of Offenbach’s humour,
but his music is distinguished by an elegance and a
refinement of manner which lift it above the level of

opera bouffe to the confines of genuine opera comique.

He was a fertile if not a very original melodist, and his

orchestration is full of variety, without being obtrusive or

vulgar. Many of his operas, La Mascotte in particular,

reveal a degree of musicianship which is rarely associated

with the ephemeral productions of the lighter stage. He
died 17th August 1901. (e. a. s.)

Auerbach, Berthold (1812-1882), German
novelist, was born on 28th February 1812, at Nordstetten

in the Black Forest. His parents were Jews, and
he was intended for the priesthood; but, becoming
estranged from Jewish orthodoxy by the study of Spinoza,

he devoted himself to literature, and made a fortunate

beginning in a romance on the life of Spinoza (1837),
so interesting in itself, and so close in its adherence

to fact, that it may be read with equal advantage as

a novel or as a biography. A translation of Spinoza’s

works followed in 1841, and Auerbach turned to the

class of fiction which has made him famous : the Dorf-
geschichten, or stories of peasant life in the Black Forest,

in which, as well as in Barfussele, Edelweiss, and other

novels of greater compass, he depicts the life of the south
German peasant as Jeremias Gotthelf had painted the

peasantry of Switzerland, but in a much less realistic

spirit. When this vein was exhausted Auerbach returned

to his first phase as a philosophical novelist, producing

Auf der Hohe, Das Landhaus am Rhein, and other

romances of profound speculative tendencies, turning on
plots invented by himself. These were no exception to

the general wearisomeness of long German novels, and
Auerbach’s fame will continue to rest upon his Dorf-
geschichten, impaired as the celebrity of even these has

been by the growing demand for a more uncompromis-
ing realism. Auerbach died at Cannes, 8th February

1882. (e. G.)

Auerspergf, Anton Alexander, Count
(1806-1876), after Grillparzer the most celebrated modern
Austrian poet, was born at Laibach, 11th April 1806. Born
to an ample fortune, he took a prominent part in public

life, which became more active as the grip of absolutism

gradually relaxed. At first the object of persecution and
suspicion for his Liberal tendencies, he was in 1860
summoned by the Crown to represent Carinthia in the

Diet, and was made a peer for life in the following year.

His subsequent course was that of a determined opponent

of federalism, but the current of events was too strong for

him. He died at Gratz, on 12th September 1876. As a
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poet Auersperg gained great reputation by the anonymous
Walks of a Vienna Foet (1831), a collection of lyrics dis-

playing the humour, tender feeling, and power of natural

description which continued to characterize him, and which

excited especial attention by so pronounced a hostility to

Metternich^s despotic system that the author was obliged

to print them at Hamburg. Subsequent volumes under

the pseudonym of Anastasius Grim were no less success-

ful, and in 1850 Auersperg further endeared himself to his

countrymen by an epic of popular life, Der Pfaff von

Kahlenherg. If not the greatest of Austrian poets, he is

the most typically national. Among his works is a version

of the English ballads of the Robin Hood cycle.
a)

Augrier, Guillaume Victor l^mile (1820-

1889), French dramatist, who with Dumas and Sardou,

may be said to have held the French stage during the

second empire, was born at Yalence in r)r6me on the

17th September 1820, He received a good education and
studied for the bar. In 1844 he wrote a play in two acts

and in verse, La Gigue^ refused at the Thelitre Frangais,

but produced with considerable success at the Od4on.

This settled his career. Thenceforward, at fairly regular

intervals, either alone or in collaboration with some weU-
known writer—Musset, Sandeau, Labiche—he produced

plays which were in their way eventful, and in the case of

the Fils de Gihoyer—^which was regarded as an attack on
the clerical party in France, and only brought out by the

direct intervention of the emperor—caused some political

excitement. His last comedy, Les Fourchamhault^ belongs

to the year 1878. After t!^t date he wrote no more,

restrained by an honourable fear of producing inferior

work. The Academy had long before, on the 28th January

1858, elected him to be one of its members. He died in

his house at Croissy on the 25th October 1889. Such, in

briefest outline, is the story of a life which Augier himself

describes as “without incident”—a life in all senses

honourable. The man respected himself and his art,

and his art on its ethical side—for he did not disdain

to be a teacher—^has high qualities of rectitude and self-

restraint. Uprightness of mind and of heart, generous

honesty, as M. Jules Lemaitre well said, constituted the

very soul of all his dramatic work. Hor are exempli-

fications far to seek. In the Mariage d^Olympe (1855)
the courtesan is shown as she is, not glorified as in

Dumas’s Dame aux CamUias, In Gabrielle (1849) the

husband, not the lover, is the sympathetic, poetic character.

In the Lionnes pauvres (1858) the wife who sells her
favours comes under the lash. Greed of gold, social

demoralization, lust of power, these are satirized in Les
FffrontU (1861), Le Fils de Giboyer (1862), Contagion

(1866), Dions et Benards (1869)—which, with the Gendre
de M, Poirier, reach the high-water mark of Augier’s
art; while in Jean de Thommeray (1873), brought out
after the great reverses of 1870, the regenerating note of

patriotism rings high and clear. But it would be unfair
to suggest that Augier was a preacher only. He was a
moralist in the great sense, the sense in which the term
can be applied to Molifere and the great dramatists—

a

moralist because of his large and sane outlook on life.

Nor does the interest of his dramas depend on elaborate

plot. It springs from character and its evolution. His
men and women move as personality, that mysterious
factor, dictates. They are real, several of them typical.

Augier’s first drama. La Cigue, belongs to a time (1844)
when the romantic drama was on the wane; and his
almost exclusively domestic range of subject scarcely
lends itself to lyric outbursts of pure poetry. But his
vers^ if not that of a great poet, has excellent dramatic
qualifies, while the prose of his prose dramas is admir-

able for directness, alertness, sinew, and a large and
effective wit. Perhaps it wanted these qualities to enlist
laughter on his side in such a war as he waged against
false passion and false sentiment. (f. t. h.)

Aug'Sburg', a town and episcopal see of Bavaria,
Germany, chief town of the district of Swabia, on the
river Lech, 39 miles W.N.W. from Munich by rail. The
newer buildings, all in the recently built W. quarter of

the city, include law courts, theatre, and municipal library,

with 150,000 vols. Augsburg is particularly w^ell provided
with special and technical schools. It has become a centre

of the acetylene gas industry of Germany, and the number
of artisans engaged in its various works now exceeds

19,000. Population (1885), 65,905
; (1900), 89,109.

Aug^USta, a fortified seaport of the province of

S3rracuse, Sicily, Italy, on an island on the S. side of Cape
Santa Croce, on the E. coast of the island, 19 miles by
rail N. from Syracuse. It is connected with the mainland
by a bridge, and has a spacious harbour, fortified, with a
small foreign and some coasting trade. The people cure

fish, crush out olive oil, quarry chalk, burn lime, and ex-

tract salt. Population, about 14,000. The town was
founded in 1232 by the emperor Frederick II,, and is

memorable for the defeat (1676) of the Dutch admiral De
Ruyter by the French under Duquesne, in which De Ruyter
was mortally wounded.

Augrusta., capital of Richmond county, Georgia,

U.S.A., in 33** 29' N. lat. and 81** 51' W. long., on the

west bank of the Savannah, at the head of navigation and
at the falls in the river. These afford a magnificent water-

power, which is extensively utilized in manufactures. The
city stands at 143 feet above sea-level, is divided into five

wards, is well drained and lighted, and is supplied with

water from the Savannah. It is the most important

cotton manufacturing centre of the south. In 1890 the

cotton factories employed 4500 hands, and their annual

product was valued at over $6,000,000. The assessed

valuation of real and personal property in 1899 was

$18,780,076, the net debt $1,896,469, and the tax rate

$24.76 per $1000. Population (1880), 21,891
; (1890),

33,300 ; (1900), 39,441, of whom 995 were foreign-born

and 18,487 were negroes.

AugfUSta.1 capital of Kennebec county and of the

state of Maine, U.S.A,, on the Kennebec, at the head of

tide and navigation. Its site is hilly, the land rising

sharply from the river on both sides. The city is

regularly laid out, and is entered by the Maine Central

railway. Few of the streets are paved, and the drainage

system is incomplete. There is a fine public library, and

the State-house, a beautiful structure, stands on an emi-

nence in the southern outskirts. It has considerable

manufactures, chiefly in cotton, wool, and lumber, the

falls in the river at this point furnishing water-power.

It was settled under the name of Cushnoc in 1754,

was afterwards a part of Hallowell, was incorporated

as the town of Augusta in 1797, was made the capital

in 1827, and received a city charter in 1849. Population

(1880), 8665; (1890), 10,527; (1900), 11,683.

Augrusta, Marie Louise Catherine,
Queen of Prussia and German Empress (1811-1890),

born at Weimar on the 30th of September 1811, was

the second daughter of Charles Frederick, grand-duke of

Saxe-Weimar-Eisenach, son of Khrl August, the patron

of Goethe and Schiller. In 1829 she married Prince

William, second son of Frederick William III. of Prussia

;

her elder sister, Princess Marie, had two years before

married Charles, the third son of the king of Prussia, and
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’was tlie mother of Prince Fredeiick Charles, the famous
general. There were two children of the marriage,

Frederick (g.'y.), the future emperor, and Louise (b. 1838),
who married the grand-duke of Baden. In 1840, on the

death of his father, Prince William, who, as his elder

brother was childless, was now heir-presumptive, took the

title of Prince of Prussia; in 1858 he became Prince

Eegent, and in 1861 succeeded to the throne. In 1871
he assumed the title of German emperor. The princess

brought with her from Weimar a keen interest in art and
literature

;
she continued to correspond with Goethe till his

death. She also gave considerable attention to political

affairs and was (again a tradition of the court of Weimar)
more favourable to constitutional government and political

liberty than was quite consistent with the usual tone of the

Prussian court. After 1840 she and her husband generally

lived at Coblenz, which always remained her favourite

place of residence; but when in Berlin, especially after

1848, she became to some extent the centre of a Liberal

opposition to the Government. This attitude she continued

after Prince William had become king, and her influence

was generally unfavourable to the policy and person of

Bismarck, who in his posthumous memoirs has left a

record of the difllculties which he sometimes experienced

from her opposition. She was greatly interested in works
of charity and benevolence and took an active part in the

organization of the Eed Cross Society and the Good
Samaritans, established for the relief of sufferers in time

of war. The old Weimar traditions continued to influence

her to her latest years, and she had little sympathy with
the military spirit which prevailed at the Prussian court

or with the exaggeration of national feeling which became
common after the great war. After 1870 again her dis-

like of Bismarck’s policy was increased by his struggle

with the Church, for though a Lutheran she always

showed much interest in the Eoman Catholic Church
as in the worship of other religious denominations,

especially that of the Anglican Church, in the minis-

trations of which she found much comfort in her

declining years. She died in Berlin on the 7th of

January 1890. (j. w. he)

AugfUStOWOi a district town of Eussian Poland,

135 miles S. of Suwatki, on the canal of the same name
(65 miles), connecting the Yistula with the Niemen by
means of the ISTetta, Czernoganza, and several lakes. It

has a considerable export trade to the Baltic Sea. Popu-

lation (1897), 12,746.

Auli0-a.t£l| a small district town and fort of

Eussian Turkestan, province of Syr-daria, 260 miles IT.E.

of Tashkent on the highway to Vyernyi, situated on the

Talas river at the western end of the high Alexandrovskiy

range, its altitude being 5700 feet. The inhabitants of

the town are mostly Sarts and Tajiks trading in cattle,

horses, hides, <fec. The population in 1897 was 12,006.

AumalOv Due d’. See Oeleai^s.

Aundh, a native state of India, in the Deccan
division of Bombay, ranking as one of the Satara Jagirs.

Its area is 447 square miles; its population (65,146 in

1891) was 63,933 in 1901 ;
its gross revenue in 1897-98

was Es.1,89,311, of which Es.31,779 was expended on

public works ; the number of police was 65 ;
the boys at

school numbered 998. The chief, whose title is Pant

Pratinidhi, is a Brahman by caste. The state has suffered

severely from plague, the number of deaths down to July

1898 having been 661. The town of Aundh is situated

in 17® 32' lat. and 74® 22' E. long., 26 miles south-east

of Satara. Population, about 3500.

AurSing'&b^dy a town and district of India, in
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the north-west division of the dominions of the Nizam of

Haidarabad, on the river Kaum. It is a railway station

on the Haidardbdd-Godaveri line, 435 miles from Bombay.
In 1891 the population, with military cantonments, was

33,887 ;
in 1901 it was 26,165, showing a decrease of 23

per cent. It has a cotton mill, with 184 looms and

16,500 spindles, and employing 722 hands. The district

of AurangdbM has an area of 6176 square miles. The
population (1891) was 1,094,601, being 152 persons per

square mile
;
in 1901 it was 984,700, showing a decrease

of 13 per cent., due to the famine of 1899-1900. It

contains the famous caves of Ajanta, and also the battle-

field of Assaye.

Auray, (Breton Alrac), a town of France, depart-

ment of Morbihan, in the arrondissement of Lorient, 12

miles W. of Vannes by rail. Iron manufacture and oyster

culture are the chief industries
;
mine props are sent to

England. Population (1881), 5064; (1891), 5071; (1896),

5193, (comm.) 6099
; (1901), 6485.

Aurelle de Paladines, Louis Jean
Baptiste d* (1804-1877), French general, was born
at Malzieu, Lozfere, on the 9th of January 1804, was
educated at St Cyr, and entered the army as sub-lieu-

tenant of foot in 1824. He served wdth distinction in

Algeria against the Arabs between 1841 and 1848 (lieut.-

colonel, officer Legion of Honour) ; took part in the

Eoman campaigns of 1848 and 1849 (colonel); and
served as general of brigade throughout the Crimean War
of 1854-56 (general of division, commander Legion of

Honour). During the campaign in Lombardy in 1859 he

commanded the ninth division at Marseilles, and super-

intended the despatch of men and stores to the seat of

war (grand officer Legion of Honour). Placed on the

reserve list in 1869, he was recalled to the Marseilles

command on the outbreak of the Franco-German war of

1870-71. The revolution of the 4th September obliged

him to leave Marseilles, but after the defeat of De la

Motterouge and capture of Orleans by the Germans, he

was appointed by the Government of National Defence, in

November 1870, to the command of the army of the Loire.

He was at first very successful against Von der Tann,

winning the battle of Coulmiers and compelling the

Germans to evacuate Orleans, but the capitulation of

Metz had set free additional German troops to oppose him,

and, after his defeat at Beaune la Eolande and subsequent

unsuccessful fighting near Orleans, resulting in its recap-

ture by the Germans in December, Aurelle retreated into

the Sologne and was superseded. After the armistice he

was elected to the National Assembly by the departments

both of Allier and Gironde. He sat for Allier and was
one of the fifteen officers chosen to assist in the peace

negotiations. He was decorated with the grand cross of

the Legion of Honour, and was given the command at

Bordeaux, but retired in 1872. Elected a life senator in

1875, he supported the monarchical majority of 1876. He
died at Versailles on the 17th of December 1877. He
was the author of La Premiere Arm^e de la Loire^ pub-

lished in 1872, His fine qualities as a soldier were marred
by indecision. (b. h. v.)

Aurilla.C9 chief town of department Gantal, France,

366 miles S. of Paris by rad. There is a bronze statue

(1883) of General Delzons. Its manufactures comprise

copper wares, chemical products, umbrellas, goloshes, and
sabots. Population (1881), 11,655; (1891), 12,587;

(1896), 13,531, comm. 14,578; (1901), 17,459.

Aurora., a city of Kane county, Illinois, TJ.S.A.,

situated in 41® 46' N. lat. and 88® 17' W. long., on the

Fox river, 39 miles "W.S.W. of Chicago, at an altitude of

S.L— 99
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648 feet. Its plan is somewhat irregular, and it is divided

into seven wards. Excellent railroad connexions are

afforded by the Chicago, Burlington, and Quincy, the

Chicago and North-Western and the Elgin, Joliet, and
Eastern railways. Agricultural tools and machines are

the chief manufactures. The shops of the Chicago, Bur-

lington, and Quincy railway, employing upwards of 2000
hands, are situated here. The silver-plate works are also

one of the largest industries in the city. It was settled

in 1834. Population (1880), 11,873; (1890), 19,688;

(1900), 24,147.

AurorSig a city of Lawrence county, Missouri, U.S.A.,

on the St Louis and San Francisco railway, at its junction

with a branch of the Kansas City, Fort Scott, and Memphis
railway, in the neighbourhood of a lead and zinc mining
region. Population (1890), 3489; (1900), 6191.

Aurora, polaris. See Atmospheric Electricity.

Aussig* (Czech Ousti nod Lahem), the chief town
of a government district in Bohemia, Austria

;
a consider-

able river port on the Elbe. Population in 1890, 23,723

;

in 1900, 40,000 ;
almost exclusively German and Catholic

(2 per cent. Czech, 5 per cent. Protestant, and 2 per cent.

Jewish). The adjoining communes of Kletsche and Schon-

priesen were incorporated in 1899. In 1857 there were
only 6404 inhabitants. All branches of industry and trade

show great progress. The port, which was extended in

1891, was entered in 1896 by 1700 passenger and 1776
freight steamers, together with 7800 sailing vessels and
towed barges. The principal articles forwarded are lignite,

coal, sugar, stone and stoneware, corn, fruit, flour, cotton,

rice, oil, fat, salt, and petroleum. In addition to the im-
portant textile, chemical, and boat-building industries, <fec.,

its manufactures now comprise paraffin, oils, tar, colour-

ing stuffs, machinery, glass, pianos, leather, malt, &c.

Aussig was the birthplace of the painter Raphael Mengs
(1728-79).

Austin, capital of Mower county, Minnesota, U.S.A.,

on the Red Cedar river, at an altitude of 1200 feet. The
plan is quite regular, and the city is on the Chicago
and Great Western, and the Chicago, Milwaukee, and
St Paul railways. Population (1880), 2305 ; (1890), 3901

;

(1900), 5474.

Austin, capital of Travis county, and of the state of

Texas, U.S.A., in 30“ 16' K lat. and 97“ 43' W. long., on
the north bank of the Colorado. The river is not navi-

gable. The city is divided into eleven wards; the site

is level and the plan regular. The surrounding country
is a rich agricultural region, producing cotton as its

principal crop. The finest building is the capitol, which
the state obtained by bartering 3,000,000 acres of land in

the “Pan Handle.” It is said to have cost $4,500,000.
The city contains a number of state institutions

;

among them the Lunatic Asylum, the Deaf and Dumb
Asylum, the Blind Asylum, and the University of Texas,
The last had 65 instructors and 800 students in 1899.
Austin has three railways—^the Houston and Texas Central,
the International and Great Northern, and the Austin and
North-Western. It received its name from Stephen Austin,
a prominent man in the early history of Texas. Its site

was selected, and the city built to serve as the capital,

work on it having been conmn^hced in 1839, immediately
after the separation of Texas from Mexico. Population
(1880), 11,013; (1890), 14,676; (1900), 22,258.

Austin, Altired (1835 ^),Englisli Poet-laureate,
was Iwm at Headingley, near Leeds, SOth May 1835.

fatec, Joseph Austin, vm a merchant of the city of

S Ilia, BKrtlifirrf a sistw of Joseph Loote, M.P. for

Honiton. Mr Austin was educated at Stonyhurst, O&cott,
and London University, where he graduated in 1853. He
was caUed to the bar four years later, and practised as a
barrister for a short time

;
but in 1861, alter two com-

paratively false starts in poetry and fiction, he made his
first noteworthy appearance as a writer with a satire

called The Season^ which contained incisive lines, and
was marked by some promise both in wit and observation.

In 1870 he published a volume of criticism, The Poetry
of the Period^ which was again conceived in a spirit of
satirical invective, and attacked Tennyson, Browning,
Matthew Arnold, and Mr Swinburne in no haK-hearted
fashion. The book aroused some discussion at the time,

but its judgments were extremely uncritical. In 1881
Mr Austin returned to verse with a tragedy, Savonarola^
to which he added Soliloquies in. 1882, Prince Lucifer in

1887, England^s Dairling in 1896, and The Conversion of
Winc’kelrrwmn in 1897. For several years he edited The
Wational Review^ and has written many leading articles

in the columns of The Standard, On Tennyson’s death
in 1892 it was felt that none of the then living poets,

except Mr Swinburne or Mr William Morris, who were
disqualified on other grounds, was of sufficient distinction

to succeed to the laurel crown, and for several years no
new Poet-laureate was nominated. In the interval the

claims of one writer and another were much canvassed,

but eventually, in 1896, Mr Austin was appointed.

Since then he has written several occasional poems,
suggested by contemporary events (in particular, the
Jameson Raid), which have not escaped criticism.

The chief characteristic of Mr Austin’s poetry, as of the

best of his prose, is a genuine and intimate love of

nature. His prose idylls. The Garden that I love

and In Veronica^s Garden^ are full of a pleasant, open-

air flavour, which is also the outstanding feature of his

English Lyrics, His lyrical poems are wanting in

spontaneity and individuality, but many of them possess a
simple, orderly charm, as of an English country lane. He
has, indeed, a true love of England, sometimes not without

a suspicion of insularity, but always fresh and ingenuous.

In dramatic poetry he is less successful. His laureate

poems have been considerably below the level of his earlier

achievements
;
but it was a very unenviable task to assume

the laurel in succession to two poets whose work is among
the richest in English literature.

AuS'tra.Iasia, a term used by English geographers

in a sense nearly synonymous with the Oceania of

Continental writers. It thus comprises all the insular

groups which extend almost continuously from the south-

eastern extremity of Asia to more than half-way across

the Pacific. Its chief divisions are Malaysia with

the Philippines; Australia with Tasmania and Eew
Zealand ; Melanesia,, that is, New Guinea, New Britain,

New Ireland, and York, the Solomons, New Hebrides,

Santa Cruz, Fiji, Loyalties, and New Caledonia;

Micronesia^ that is, the Ladrones, Pelew, and Carolines,

with the Marshall and Gilbert groups ;
lastly, Polynesia^

that is, Samoa, Tonga, Cook, Tahiti, the Marquesas,

Ellice, Hawaii, and all intervening clusters. The term is

so far justified in that it harmonizes better than Oceania did

-^th the names of the other continents, and also embodies

the two essential facts that it is a south-eastern extension

of Asia, and that its central and most important division

is the great island - continent of Australia. In a more
restricted sense the term Australasia corresponds to the

large division including Australia, Tasmania, and New
Zealand.

See Australasia^ 2 vols. Stanford Compendium Series, new issue.

London, 1893-94.
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AUSTRALIA.
Physical Geography.

Australia is the only continent entirely in the
southern hemisphere, A mostly unbroken coast-line

faces the sea in majestic and stately curves, giving the
whole land a character of compactness, which likens it m
some way to portions of the African continent. Quite one-

half of its area is drained towards the interior. There are,

however, no rivers like the Congo or hTile, and no snow-
capped mountains to act as feeders. The average height of

the land is not more than 300 feet, the highest point, Mount
Kosciusko, being only 7328 feet above sea-level, and well

below the limits of perpetual snow. Australia lies between
10° 39' and 39° 11^ south lat., and between meridians of
113° 5' and 153° 16' east long. Its greatest length is

2400 miles from east to west, and the greatest breadth
1971 miles from north to south. The area is, approxi-

mately, 2,946,691 square miles, with a coast line measur-
ing about 8850. This is equal to one mile to each 333
square miles of land, the smallest proportion of coast

shown by any of the continents. The salient features of

the Australian continent are its compact outline, the

absence of navigable rivers communicating with the in-

terior, the absence of active volcanoes or snow-capped
mountains, its isolation from other lands, and its antiquity.

Some of the most profound changes that have taken place

on this globe in lifting mountains such as the Alps and
the Himalayas, have taken place in Mesozoic times. Rocks
high up on the shoulders of these great ranges were formed
beneath the sea at a time when a great portion of the

Australian continent was already dry land. "Vast tracts

of Europe and Asia have been submerged in Tertiary

times. Australia has been for the most part above the

sea since the period anterior to the great earth movements
named. In this sense Australia has been rightly referred

to as one of the oldest existing land surfaces. It has been

described as at once the largest island and the smallest

continent on the globe. While in one sense a large island,

it conforms in general to the continental model. The
general contours exemplify the law of geographers, as to

having a high border around a depressed interior, and as to

having the highest mountains on the side of the greatest

ocean. The main dividing range of Eastern Australia

looks out upon the greatest and deepest water mass on

the globe, the Tasman Sea and the South Pacific.

Australia stands up from the ocean depths in three fairly well

marked shelves. The basal plain of these terraces is the bed of

the Pacific, having an average depth of 15,000 feet. From this

profound foundation rise Australia, New Guinea, and Melanesia,

in varying slopes. The first ledge rising from the ocean floor has

a depth averaging 8000 feet below sea-level. The outer edge of

this basal ledge is roughly parallel to the coast of West Austialia,

and more than 150 miles from the land. Round the Australian Bight

f
it continues parallel to the coast, until south of

aeneraJ
gpencer Gulf (the basal ledge still averaging 8000

caaracter.
depth) it sweeps southwards to lat. 65% and

forms a submarine promontory 1000 miles long. The edge of the

abysmal area comes close to the eastern coasts of Tasmania and
New South Wales, approaching to within 60 miles of Cape Howe.
The terrace closest to the land, known as the continental shelf,

has an average depth of 600 feet, and connects Australia, New
Guinea, and Tasmania in one unbroken sweep. Compared with
other continents, the Australian continental shelf is extremely
narrow. There are points on the eastern coast where the land
plunges down to oceanic depths with an abruptness rarely

paralleled. Off the Queensland coast the shelf broadens, its obiter

edge being lined by the seaward face of the Great Barrier Reef.

IVom Toi*res Strait to Dampier Land the shelf spreads out, and
connects Australia with New Guinea and the Malay Archipelago,

An elon^tion of the shelf to the south joins Tasmania with the
mainland. The vertical relief of the land above the ocean is one of

the cluef factors in determining the climate as well as the disti ibu-

tion ot the fauna and flora of a continent. The land mass of
Australia lise^^ to a lesser mean height than that of any other
continent. The chief mountain systems are parallel to, and not
far from, the coast-line. Thus, taking the continent as a whole, it

may be described as a plateau, fringed by a low-lying well-watered
coast, with a depressed, and for the most part arid, interior. A
great cential plain covers quite 500,000 square miles ofthe continent.

Although termed the Central Plain, it is situated a little to the
east of a meridional line bisecting the continent. The vast bulk ot

this plain is situated to the south of the 22nd degree, but portions

of it reach very close to the low-lying flats south of the Gulf of

Carpentaria. The contour of the continent in the latitude of the
Richmond River is as follows :

—

A shoit strip of coastal plain

;

then a sharp incline rising to a mountain range 4000 feet above
sea-level, at a distance of 40 miles from the coast. From this a
gently-sloping plateau keeps deepening until nearly down again to

the sea-level, m a line due north of Spencer Gulf. Then there is a
gentle lise to the Low Steppes, much of which country is spinifex

deseit, 500 to 1000 feet above sea-level A further gentle rise in the

High Steppes leads to the mountains of the West Australian coast,

and another strip of low-lying coastal land to the sea. The Great
Central Plain is certainly Australia’s most notable inland feature.

Comparatively little ot the rainfall over its vast extent ever
reaches the sea by any known river system. Indeed the river

systems as shown on maps leave a false impression as to the

actual condition of things. The absence of rivers connecting the

coast-line with the interior has already been noticed. In keeping
with this is the solid outline of the coast generally. On the north
and north-west some notable indentations lead to the Fitzroy, the
Victoria, the Daley, and the Roper livers.

The network of streams forming the tributaries of the Darling
and Murray system give an idea of a well-watered country. The
so-called rivers have running water only after heavy rams, and
very few of these tributaries ever reach the main drainage line.

Flood waters disappear often within a distance of a few miles,

being absoibed by porous soil, stretches of sand, and sometimes
by the underlying bed-rocks. The waters even of the Macquarie
do not usually reach the Darling, but break up into innumerable
gutters, and spread out over vast flats. In flood times only, the

river overflows its banks, and flooding the flat country for miles
around, reaches the Darling. Oxley went down the Lachlan, 1817,
during one of these periods of flood, and the great plains appeared
to him to be the fringe of a vast inland sea. As a matter of fact,

they are an alluvial deposit spread out by the same flood waters.

The great rivers of Australia, draining inland for the most part,

carve out valleys, dissolve limestone, and spread out their deposit

over the plains when the waters become too sluggish to beai their

burden farther. Fiom a geological standpoint, the Great Australian
Plain and the fertile valley of the Nile have had a similar origin.

Taking the Lachlan as one type of Australian river, we find it

takes its rise amongst the precipitous and almost unexplored
valleys of the Main Dividing Range. With the help of its tribu-

taries it acts as a denuding agent for 14,000 square miles of

country, and carries its burden of sediment westwards. A point
is reached about 200 miles from the Dividing Range, where the
river ceases to act as a denuding agent, and the area of deposition

begins. But tbe river is still about 1000 miles from the sea. The
Darling is leckoned amongst the longest rivers in the world,

for it is navigable, part of the year, from Walgett to its confluence

with the Murray, 1758 miles, and then to the sea, a further

distance of 587 miles,—^making in all 2345 miles of navigable
water. But this gives no correct idea of the true character of the

Darling, for it can hardly be said to drain its own watershed.

From the sources of its various tributaries to the town of Bourke,
the river may be described as draining a watershed. But from
Bourke to the sea, 550 miles in a direct line, tbe river gives rather

than receives watfer from the country it flows through.

The annual rainfall and the catchment area aford no data
whatever as to tbe size of a river in the interior of Australia, In
Europe it has been estimated that from 20 per cent, to 60 per

cent, of the rainfall flows away in rivers. The discharge of the
Darling River at Bourke does not amount to more than 10 per cent,

of the rainfall of its catchment area. It was this startling fact

which first led to the idea that, as the rainfall could not be
accounted for either by evaporation or by the river discharge, much
of the unaccounted-for 90 per cent must in part sink into the
ground, and in part be absorbed by some underlying bed-rock. All
Australian rivers depend entirely and directly on the rainfall.

They are flooded after rain, and in seasons of drought become dry
water-courses. Springs which equalize the discharge of rivers by
continuing to pour water into tbeir beds, long after a rainy season.
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seem entirely absent in the interior. Neither aie theie any snow-
fields to feed riveis, as in the other continents. More remarkable
still, over large tracts of country the water seems disposed to flow

av\ay from, rather than to, the river-beds. As the low-lying plains

are altogether an alluvial deposit, the coarsei sediments accumulate
in the regions wheie the liver first overflows its banks to spread

out over the plains. The country nearest the river receiving the

heaviest deposit becomes in this way the highest ground, and so

continues until a “break-away” occurs, when a new river-bed is

formed, and the same process of deposition and accumulation is

repeated. As the general level of the country is raised by suc-

cessive alluvial deposits, the more ancient river-beds become
buried, but being still connected with the newer rivers at some
point or other, they continue to absorb water. This underground
network of old river-beds underlying the great alluvial plains

must be filled to repletion before flood waters will flow over the
suiface.

Outside the great alluvial plain there is a vast tract of country

extending fiom the Musgrave Kanges west and north. This may
be considered a plateau without any of the features of the plains.
The bed-rock is nowhere far from the surface, thus forming a
strong contrast with the great alluvial plain where the bed-rock is
buiied many hundred feet below the surface. Over the entiie
western half of Australia there is no leading drainage system
and we have here an area that is almost unique in the features of
a continent. There is no high mountain, and probably over an
expanse of 400,000 miles not a drop of the scanty ramfall ever
reaches the sea.

The term desert applied to the Australian interior is somewhat
misleading. Sandhills there are, and vast stretches of sandy
country. But much of the so-called desert will support animal
life to some extent. Sturt’s “ Stony Desert ” is not at all what
the name would suggest Peculiar water-worn and glazed boulders
cover much of the surface, but there is also grass, and in good
seasons the “gibber land’* disappears under a waving carpd: of
meadow. Part of Sturt’s “Stony Desert” is now a sheep-run

with one sheep to 10 to 12 acres, hut growing excellent wool.
Genuine desert exists in the spinifex country. On the outskirts
are shady bauhinia trees and bright-looking desert -apple trees.
The treacherous spinifex, too, looks fair enough from the distance,
and often puts on a coat of enticing verdure when the plains and
downs are parched and withered. It will grow almost on the
surface of a hard rock, and in most parts of the desert the bed-
rock is covered with hut a sliallow coating of soil. The result is

like a thousand knitting-needles thrown into a confused kind of
tangle, with all the points sticking upwards, and this tangle grows
larger and more formidable every year, until a bush fire happily
sweeps it away and a new growth starts. Much of this part of
the continent is now known as the Australian Steppes. The Lower
Steppes extend over an area corresponding mostly to the extent of
the Cretaceous formation. Their prevailing aspect is characterized
by flat and terraced bills, capped by desert sandstone, with stone-
covered flats stretching over long distances. The country round
Lake Eyre, where some of the land is actually below sea-level,
comes under this heading. The Higher Steppes, as far as they
are known, consist of Ordovician and Cambrian tooks, with an
average elevation of 1500 to 3000 feet above sea-level. Over this
cofinrty water-courses are shown on maps. These run in wet
ses^uS;^ but in every instance for a short distance only, and

sooner or later they are lost in sand-hills, where their waters
disappear and a line of stunted gum-trees {Eucalyptus rostrata) is

all that is present to indicate that there may be even a soakage in
these supposed rivers.

Another notable feature of the iuterior is the so-called lake area,

a district stretching to the north of Spencer Gulf. These lakes
are expanses of brackish waters that spread or contract as the
season is one of drought or lain. In seasons of drought they are
hardly more than swamps and mud flats, which for a time may
become a grassy plain, or desolate coast encrusted with salt. The
country around is the dreariest imaginable, the surface is a dead
level, there is no heavy timber and practically no settlement.
Lake Torrens is sometimes 100 miles in length. To the north
again stretches Lake Eyre, and to the west of Torrens Lake, Lake
Gairdner. Some of these depressions are at, or slightly below, sea-

level, so much so that a very slight depression of the land would
connect much of the interior with the Southern Ocean.
Along the entire coast there extends a succession of mountain

ranges from Cape Howe to Cape York. These constitute a Cor-

dillera stretching 1700 miles from north to south. ^
Several points rise to heights of from 4000 to 5000 feet,

mostly as isolated peaks. Towards the south-eastern
^

comer of the continent the peaks come closer, clustering around
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Mount Kosciusko (7328 feet), and are here known as the Australian

Alps. Nortli of Kosciusko the Mam Divide merges into the Blue

Mountains and Liveipool Range. The high land continues roughly

parallel to the coast, and with generally diminishing altitude

through Queensland to Cape York. Near the Queensland bolder

Mount Lindsay rises to a height of 5500 feet. In the latitude of

Brisbane the chain swerves inland
;
no other peak north of this

reaches higher than Mount Bartle Frere m the Bellenden Ker
Range (5438 feet). The Southern Ocean system of the Victorian

Dividing Range hardly attains to the dignity of high mountains.

An eastern system in South Australia touches at a few points a

height of 3000 feet
;
and the Stirling Range, belonging to the south-

western system of South Australia, reaches to 2340 feet. There
are no mountains behind the G-reat Australian Bight. On the

west the Dailing Range faces the Indian Ocean, and extends from

Point d'Entrecasteaux to the Murchison River. North of the

Murchison, Mount Augustus and Mount Bruce, with their con-

necting highlands, cut off the coastal drainage from the interior

;

but no point on the north-west coast reaches a greater altitude

than 4000 feet. Several minor ranges, the topography of which
is little known, extend from Cambridge Gulf, behind a very much
broken coast-line, to Limmen Bight on the Gulf of Carpentaria.

Nothing is more remarkable than the contrast between the

aspect of the coastal ranges of the north-east, and on the south-

east of the continent. The higher Australian peaks in the

south-east just look what they are, the worn and denuded stumps
of mountains, standing for untold ages above the sea. Their

shoulders are lifted high above the tree -line. Their summits
stand out gaunt and lonely in an unbroken solitude. Having left

the tree-line far behind him, nothing is visible to the traveller for

miles around hut barren peaks and torn crags in indescribable

confusion. A verdure of herbage clothes the valleys that have

been scooped from the summits downwards. But there are no
perpetual snow-fields, no glaciers creep down these valleys, and

no alpine hamlets ever appear to break the monotony. The
mountains of the north-east, on the contrary, are clothed to their

summits with a rich and varied flora. Naked crags, when they do

appear, lift themselves from a sea of green, and a tropical vegeta-

tion, quite Malaysian in character, covers everything.

The absence of active volcanoes in Australia is a state of things,

in a geological sense, quite new to the continent. Some of me
volcanoes of the western districts of Victoria have been in eruption

probably subsequent to the advent of the black-fellow. In some
instances the cones are quite intact, and the beds^ of ash and

scoriae are as yet almost unaffected by denuding agencies. As late

as 1859 an observer wrote in the Quarterly Journal of the Geological

Society that, with one doubtful exception, Australia was a non-

volcanic continent. The exception referred to is Mount "Wingen.

But even here there is nothing in the least resembling volcanic

conditions. Some coal seams have been burning for years, giving

out much smoke and steam. Mount Wingen was, in the eyes of

the settlers, as it was in fact, a “burning mountain.” Late in

the Tertiary period vast sheets of lava poured from many points

of the Great Dividing Range of eastern Australia. But it is

notable that all recent volcanic action was confined to a wide belt

parallel to the coast. No evidences of recent lava flows can he

found in the interior over the Great Alluvial Plain, the Lower, or

the Higher Steppes. Nor has the continent, as a whole, in recent

times been subjected to any violent earth tremors; though in 1873,

to the north of Lake Amadeus, in central Australia, Giles records

the occurrence of earthquake shocks violent enough to dislodge

considerable rock masses.

The Barrier Reef forms the prominent feature oflf the north-east
!

coast of Australia. Ranging for a length of 1200 miles, it is the

. greatest of coral reefs, ancient or modern. The channel
Bamer between the reef and the coast is in places 70 miles in

width and 60 fathoms deep. Flinders described the

Barrier Reef in bia Voyage to Terra Australis / and the Admiralty

charts give much information as to soundings, &c. Our knowledge

of the fauna of this richest of hunting grounds for the naturalist

is very incomplete. Interest naturally centres in the coral polyp

and its stony structure. Photographs have shown us what the

physical features of the reefs are. The Hon. R. Abercromhy’s

photographs, taken at Fiji, were probably the first ;
hut Saville

Kent, Agassiz, and other observers, have made us fairly well

acquainted with the conditions presenting themselves on this

great tract of growing land. The first point to strike a visitor to

the Barrier Reef is the abundance of soft coral, or branching polyp-

aries without a stony nucleus, and the abundance^ of nullipores

and other plant-like organisms. Much of the pink and lilac

coloured patches that catch the eye prove on examination to be

nullipores or coralline seaweeds. Theie are patches of pebbles

and boulders and fine sand everywhere, but each particle is part of

a living thing. The patches of coral grow more or less after the

manner of fairy rings—the outer edges flourishing and the inner

dying and breaking into coral debris. The leading forms amount
the coral masses exposed at very low tides are the branching
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madrepores, the rounded masses of hiain coral (meandnna), and

outes. A field of madiepores is suggestive ot miniature shrub-

eiy, with plants, having the aspect ol young pines. The coral

is ot every hue and coloui, and not a little is added to the splen-

did scene by biilliant-hued fishes and bright and gaily-coloured

sea-anemones (actinia), the latter often being more than 18 inches

in diameter. The beautiful distichojpora coeanea resembles some-

what the true red coral and is very abundant ;
but the red coral

itself is not to be found Eeliopora coerulea, the beautiful blue

coral, is not rare. This lemarkable species has the stony frame-

woik of a bright blue, the colouiing matte i of most corals being

confined to the “fleshy ” covering. On the reef there is always to

be found a gieat abundance of shells, living and dead. In appear-

ance, the hviiig specimens of many of the handsome species are

disappointing, but the ciabs, stai -fishes, and great clam shells are

conspicuous. Sea-cucuiiibers abound, so much so that the bSche-

de-mer fisheries bring in more than £20,000 a-year. These inter-

esting holothuiians are collected by hand at low water, and sent

to the Chinese markets after being cuied by drying and smoking.

“Rock oysters,” too, are plentiful, and the blocks thrown up by

the waves aie soon encrusted with the well-known and delicate

species ostrea glomerata.

There is nothing to be seen on or around the Great Barrier Reef

that might he urged as a serious objection to Darwin’s well-known

subsidence theory. Any facts noted as inconsistent with prolonged

steady subsidence might have been caused by a very slight upheaval.

The tew clear openings in the whole length of the outer lampart

of the Great Barrier Reef are opposed to large estuaries. But

being 30 to 90 miles away, they are not, m all probability, caused

by iresh water from the land. Such breaks, however, are strong

evidence in favour of subsidence. The old river channels, already

referred to as being below sea-level, as well as the foimer land-

connexion with New Guinea, all point to the conditions assumed

by Darwin.

Explouation.

By the end of the year 1873 the whole of the eastern por-

tion of Australia had been exploied, the unknown part of the

continent being confined to the interior of "West Australia

and those districts of South Australia north of the Macdonnell

Range and west of the overland telegraph line. Several^ attempts

had been made to cross the colony of "West Australia in the

direction of east and west, hut even Major Warburton’s expedition,

the most successful of these, had failed in the important particular

of determining the nature of the country through which it passed.

Major "Warhurton had virtually raced across from the Macdonnell

Range in South Australia to the head waters of the Oakover river

on the north-west coast, without allowing himself sufficient time

to note the characteristics of the coimtry. The next important

expedition was differently conducted. John Forrest was despatched

by the Perth Government with general instructions to obtam infor-

mation regarding the immense tract of country out of which flow

the rivers falling into the sea on the northern and western shores

of West Australia. Leaving Yewin, a small settlement about

lat. 28° south, long. 116° east, Forrest travelled north-east to the

Murchison river, and followed the course of that river to the

Robinson Ranges; thence his course lay generally eastwaid

along the 26th parallel. Forrest and his party safely crossed

I
the entire extent of West Australia, and enteung South

Australia struck the overland telegraph line at Peake station,

and, after resting, journeyed south to Adelaide. Forrest traversed

seventeen degrees of desert in five months, a very wonderful

achievement, more especially as he was able to give a full

report of the country through which he passed. His report

destroyed all hope that pastoral settlement would extend to

the spinifex region ; and the main object of subsequent explorers

was to determine the extent of the desert in the direction of north

and south. Ernest Giles made several attempts to cross the

Central Australian Desert, but it was not until his third attemjjt

that he was successful. His journey ranks almost with Forrest’s

in the importance of its results and the success with which the

appalling difficulties of the journey were overcome. Through

the generosity of Sir Thomas Elder, of Adelaide, Giles’s expedi-

tion was equipped with camels* It started on the 23rd^ May
1875 from Port Augusta, Working westerly along the line of

the 30th parallel, Giles reached Perth in about five months. After

resting in Perth for a short time, he commenced the return

journey, which was made for the most part between the 24th

and 25th parallels, and again successfully traversed the desert,

reaching the overland telegraph line in about seven months.

Giles’s journeys added greatly to our knowledge of the char-

acteristics of West and South Australia, and he was able to bear

out the common opinion that the interior of Australia west of

132° E. long, is a sandy and waterless waste, entirely unfit for

settlement.
, , ^

The list of explorers from 1875 to 1900 is a long one ;
hut alter

Forrest's and Giles’s expeditions the main object ceased to be the

AUSTRALIA
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discovery of pastoral country ; a new zest had been added to the

cause of exploration, and most of the smaller expeditions concerned

themselves with the search for gold. Amongst the more important
explorations may he ranked those of Tietkins in 1889, of W.
Lindsay in 1891, of Wells in 1896, of Hubbe in 1896, and of the

Hon. David Carnegie in 1896-97. Lindsay’s expedition, which
was fitted out by Sir Thomas Elder, the generous patron of

Australian exploiation, entered We^t Australia about the 26th
parallel south lat., on the line of loute taken by Eorrest in 1874.

From this point the exploier worked in a south-westerly direction

to Queen Victoria Spiings, where he struck the track of Giles’s

expedition of 1875. From the Springs the expedition went north-

west and made a useful examination of the countiy lying between
119° and 115° meridians and between 26° and 28° south lat.

Wells’s exj)edition started from a base about 122° 20' east and 25°

64' south, and worked northward to the Joanna Springs, situated

on the tropic of Capricorn and near the 124th meridian. Prom the

spi mgs the journey was continued along the same meridian to the
Pitzroy river. The countiy passed through was mostly of a for-

bidding character, except where the Kimberley district was entered,

and the expedition suffered even more than the usual hardships. The
establishment of the gold-fields, with their large population, caused

great interest to be taken in the discovery of practicable stock

routes, especially from South Australia in the east, and from Kim-
berley district in the north. Alive to the importance of the trade,

the bouth Australian Government despatched Hubbe from Ood-
nadatta to Coolgardie. He successfully accomplished his journey,

but had to report that there was no practicable route for cattle

between the two districts.

One of the most successful expeditions which traversed West
Austialia was that led and equipped by the Hon. David Carnegie,

whmh started in July 1896, and travelled north-easterly until it

reached Alexander Spring ;
then turning northward, it traversed

the country between Wells’s track of 1896 and the South Austra-
lian border. The expedition encountered very many hardships,

but successfully reached Hall Creek in the Kimberley district

After a few months’ rest it started on the return journey, following

Sturt Creek until its termination in Gregory’s Salt Sea, and then
keeping parallel with the South Australian border as far as Lake
MacDonald. Rounding that lake the expedition moved south-

west and reached the settled districts in August 1897. The
distance travelled was 5000 miles, and the actual time employed
was eight months. This expedition put an end to the hope, so

long entertained, that it was possible to obtain a direct and
practicable route for stock between Kimberley and Coolgardie

gold-fields ; and it also proved that, with the possible exception of

5mall isolated patches, the desert traversed contained no auriferous

•country.

Geology.

AU the great formations familiar in the northern hemisphere
are represented in the geology of Australia, which is in no way
exceptional, either in the character of the rocks or in the zones

of life that characterize them. The oldest rocks are of pre-

Cambrian age, but little of their life-history is known. If diner-

ences, rather than resemblances, be dwelt on, there are many points
ooncerniug Australian geology in strong contrast to much that
European geologists have been accustomed to. As has already been
said, there are no volcanoes on the continent, and all over the vast
interior there is a general absence of igneous rocks other than
granites. Basalt is almost unknown except on an outside belt of
the country roughly parallel to the coast There are no solfataras,

fumeroles, or geysers, and very few hot springs. There is no such
thing as perpetuarsnow, even on the highest mountain, no glaciers

or glacier lakes, and not a single mountain range with an Alpine
structure. There is a notable absence of magnesian limestones,
and phosphate-bearing rooks are unknown. There is an equivalent
of the red sandstones, hut no salt beds and no gypsum. There is

evidence of glacial action in Permo-Carboniferous times, during
which period a great ice -sheet extended over a considerable
portion of Australia, and evidences of recevU glaciation at Mount
Kosciusko are most pronounced. In the matter of folding we
find the Australian, Cambrian, Silurian, and Devonian, all

giving evidence of earth movements. The Silurian rocks in
particular have been so folded and so intensely compressed that
we usually find them over wide areas, vertical or highly inclined,

and almost invariably with a meridional strike. All over the
continent other formations laid down subsequent to those
named are spread out in vast sheets, never showing a high angle
or dip, and nowhere resting at any great height above sea-

level The Carboniferous rocks are also folded, but to a lesser

degree than the Devonian, and of course in a degree not to be
^mpared with the Silurian. The intense folding of the Silurian,

taken Ijogethar with the lithological character of its sediments,
it at once from every other “ formatioii ” in the Australian

gMspgW Qoltimn, So marked is this that throughout Australia
l|}e safely classed as Silurian if they show oyer consider-

able areas a '‘slaty” structure, a high angle of dip, and a meridional
stiike.

Against these facts may be placed others showing strong le-
semblance between Australian and European geology. The physical
geography and the life of the Palaeozoic and Mesozoic periods are in
wonderful accord with those of other continents. The great develop-
ment of coal in the Upper Palaeozoic confoims to the noithern con-
ditions. The general types that chaiacteiize Cretaceous rocks aie
also present, plesiosaurs and chambered shells, such as ammonites
being as chaiacteiistic of the Austialian Ciotaceous as they are of
the European. The forms of life, too, that occur in the Tiiassic
of Europe, and even North America, find their counteipait heie.
In the shales round Sydney, which aie admittedly ot Triassic age,
the remains of a giant labyrinthodon have been unearthed, and,
associated with it, fishes and plants quite in keeping with forms
familiar in the European Triassic.

In using such teims as “ Peimian” or “Eocene ” there is reason
to suppose that these periods iii Australia might not have been
quite synchronous with the European equivalents. Indeed it is

not desirable to correlate too minutely Australian and European
stratified rocks. We may even go fuither and say that it is im-
probable that any single life zone was laid down exactly at the
same time that a similar life zone was being built up in northern
Europe. One particular horizon in the Silurian is characterized
by the interesting chain coral (halysites). No one would contend
that the chain coral “reefs” in Australia and in Europe were exactly
contemporaneous. But the relative position of the halysites zone m
the geological column is the same in Europe and in Austialia, and
the physical conditions that surround the growing coral are precisely

similar.

Some leference is made under the heading Pauna to the piesence
of ‘

‘ living fossils ” in Australia. Certain characteristic types, long
extinct in the northern hemisphere, still linger in the Austialasian
area. The Trigonia and the Heterodontus, tlie Marsupials, Myrnie-
cobius, Ceratodus, and certain conifers and cycads are examples.
One genus of cycad (Zamia) is exceedingly common over all the
mountain and coastal regions of eastern Australia. It is a near
ally of one of the most characteristic forms of the fossil flora of the
Oolitic and Lias. In the well-known “ dirt bed” of the Portland
quarries, Dorsetshire, the stems of these cycads are to he found in

great abundance.
The last feature of general import is the distribution of meta-

morphosed rocks. The lower series of the Paleeozoio show a certain

amount of metamorphism in conjunction with their highly inclined

position. The Mesozoic rooks aie much less altered fiom their

original plane of deposition, and any metamorpliism notable is of

a limited and entirely local character. Certain sandstone beds of

Cretaceous age have been much altered bythe depositionof secondaiy

j

silica. No great alteration approaching to metamorphism is known
to have taken place amongst Tertiary rocks. Schistose structure is

confined altogether to the lower Palaeozoic.

PiiiNCiPAL Aus niALiAN Sedimentaby Eobmations, with some
CHAllAOTEEISTIO FOSSILS.

l§

^ I Recknt

&ll
§ 1 Pleistocene .

Pliocene

Miocene

VEooene .

" Human bones and implements ; re-

mains of plants and animals of living

*
I

species ; Dinomis, Aptorms, Orniblio-

.rhynchus.
Diprotodon, Macropus, Thylacoleo,

Thylacinus, Notho«iaurus, Megalania,

. Dromomis, Bcbifina, Meiolania,

Palorchestes, Dromseus, Mytilus,

.Siphonaha.

(

Phascolomys, Procoptodon, Mac-
ropus, Thylacmus, Thylacoleo, Di-

protodon.
Spondylostrobus, Wilkinsoma, Pen-

teune, and other fossil fruits, m old

“leads.”

(

Nassa, Margmella, AnciUa, Cancel-

laria, Natica, Leispyraga, Nucula,
Trigoma, Chione, Meroe, Tellina

f

Flabelium, Placotrochiis, Terebratu-

Ima, Cuculsea, Corbula, Nassa, Voluta,

Margmella, Aturia, Mures (upwaids
30 sp ), Triton, Mitra, Fusus, Natica,

Cerithimn.

Cretaceous .

(Jurassic

Triassic or Trias-Jura

^ Ichthyosaurus, Plesiosaurus, Am-
monites, Belemnites, Cidaris, Avic-

- ula, Tngonia, Baculites, Otodus,

Cimliosaurus, Mactra, Inoceramus,

.Macqoyella.
' Taxites, Tsenioptens, Thinnfeldia,

Podo7amites, Sphenopteris, Lepto-

lepis, Coccolepib, Aphnelepis.
* t Taenioptens, Sagenopteris, Cycad-

optens, Alethoptens, Macrotaeni-

opteris, Sphenoptens, Pecoptens,

Jeanpaulia, Podozamites, Equisetum,

I

Oleandndium, Ottelia, Schizoneura,

Gingko, IZamites, .Thmnfeldia, Phyl-

lotheca, Platyceps, Unionella, Bs-

theria, Tremauotus, Palseonmcus,

Myrioiepis, Mastodousaurus, unio,

Pnstxsomus, Cleithrolepis.
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/'Permo-Carboniferous .

Carboniferous

JP4

aSs

Devonian

Silurian

V^Cambrian

Glossoptens, Phyllotheca, Verte-
brana, Splienopterib, Aimulana,
Spirifer, Pachydomus, Pioduetus,

. - Orthocpras, Conularia, Martiniopbis,
Eurydesma, Platyceras, Leaia, Gan-
gamopteiis, Aviculopecteu, Notom^a,
^banguinoliteb

f
Rhacopterib, Lepidodendron, Cala-

f mites, Arpbaiopterib, SigilUiia, Loxo-
*

I
iieina, Euomplialus, Spinfer, Orthis,

iLeptaiiia, Phyllothpca, Ppnestella.

f
Lepidodendron, Cyclostigma, Spiri-

J fer, Rhynchonella, Atrypa, Orthis,
*

I

Orthoceras, Asterolepis, Pteronites,
V. Mui chisonia.

I

Atrypa, Pentamerus, Halysites,
Graptolites, Phacops, Bronteus, Caly-
mene, G^athophyllum, Spirifera,
Didyuiograptus, Lmgulocans. Lin-
gula, Mucophyllum, Stromatopora,
Pavosites, Heliopliyllum, Phillipsas-

trea, Rhizophyllum, Columiiaria,
Petraia, Liclias, Syringopora, Cjclo-
nema, Bellerophon, Palaeaster, Niso,
rrochus, Asaphus, Beynchia, Cypli-
aspis.

f Oonocephalites, Dolicliometopus,
. -[ Dikelocephalus, Dmesus, OleneUus,

kSalterella, Ortbisina, Leperditia.

Table, showing the General Succession of Australian
Strata-

Tod
” System. Some Typical Examples.

/ Raised beaches.—Victoria and West Australia
\ have sand loams for foimmg these.

lEOENT

11
^Pleistocene

o
m
|g

/.Pliocene

Miocene

'•Eocene

^Cretaceous

B0 '

Alluvial flats and great plains of the intenor.

t
Raised beaches of the north-w est coast, Tasmama.
Large area in the south-east ot South Australia.

' Limestone creek beds,south-west Victoria,contain-
ingabout 80 per cent oflivingmollusca Volcamcash
beds ofMount Gambier. Maininaliferous sandy clays
containing diprotodon, &c., Mammaliferous cave de-
posits ot New South Wales and Victoria ; freshwater
limestones of the Geelong district. Newerbasalts at
Wernbee, Geelong, and Camperdown, Victoria.
Marine sands ot the Dry Creek and Croydon bores.

South Australia. Oyster beds of the Murray nver
clitfs and Aldinga Bay, South Austialia. Calcareous
bands and clays of Jemmy’s Point, Gippsland, and
the upper beds at Murray Creek, near Hamilton,
.West Victoria.

Generally—limestones, clays, and sands from the
Snowy river, Gippsland, to the Great Australian
Bight ;

also from Geraldton to Shark Bay, Western
Australia ; and Table Gape, Tasmani^all marine)*

iPlant beds of Bmmaville, New South Wales.
No marine teds of Eoceue, Miocmej or Pliocene

age are known east of the Mam Dividing
^nge m New South Wales or Queensland.

Upper Cretaceous.—Desertsandstoueof
Queensland.
Lower Cretaceous.—^Rolling Downs for-

mation of Queensland. Artesian water-
bearing beds of north-western New South
Wales. Kennedy Range and Gascoyne
river, West Australia.
Beds with fossil fish, Talbragar river,

New South Wales, Oolitic limestone of
Champion Bay district. West Australia
The Hawkesbury sandstones and

associated shales of New South Wales.
Lower Mesozoic rocks of the Clarence
nver. The Ipswich and Burrum beds of
Queensland with Tcenioptens. The Upper

d Coal Measures of Tasmania, and the
a § Collie Creek Coal Measures of West
pj 8 >: i Australia are considered to be of Meso-

ZOIC age.

{

Coal Measures of New South Wales, Newcastle,
Rlawarra, and Lithgow, "with Glossopteris. Upper
and Middle Bowen nver formations, Queensland.
Collie nver and Irwin river, West Australia. Tas-
manite beds, Mersey and coast about the estuary
of the Derwent, Tasmania.
Port Stephens district, New South Wales. Gym-

pie, Lower Bowen, and Star formations, Queens-
Inland. Also the Lower Coal Measures of Tasmania
“ Mount Lambie sandstones, Rydal, New South
Wales. Avon riverand MountTambo beds, Victona.
Burdekin beds, Queensland. Sandstones and grits,

Kimberley, West Australia. Pmgal slates, Tas-
,mania.

^ Highly-inclined clay slates and talcose slates,

New South Wales, South Australia, and West
Australia and Victona. Graptolite beds of
Victona. Yass and Molong limestones, New
South Wales. “ Larapintine ” limestones, Mao-
donuell ranges. Queen nver schists and slates,

land the Gordon river group, Tasmania.

f

OlemMus and Salterdla beds of Kimberley, West
Australia. Ardrossan beds of South Ausrbraha.
Magog and Caroline creek groups, Tasmania.
Yorke's Peninsula senes. South Australia. Kim-
berley, West Australia. Heathcote, Victoria.

/ Quartzite and some metamorphic rocks of Tas-PRE-UAMBBIAN
. Tmauia. Mount Lofty Ranges, South Australia.

Of the seyea sub-kingdoms of liviug things, no less than five are

represented in the Aus&alian Cambrian. If we e:rcept vertebrates, ,

we have therefore at the very dawn of life representatives of the •

Jurassic

Triassic, or Tri-
• AS-JURA .

/'Permo - Carbon-

Carboniferous

Devonian .

iti

all
'

aJ O
S “-S

mi

Silurian

Cambrian .

animal world as we know it to-day,—types -which are in no sense
embryonic, AVe cannot here, any moie than elsewhere, work back
far enough to get near to tlie beginnings of hie. The ^ .

animals on the Cambrian sea-shoies wmie graded and
giouped no less exactly and definitely than the inveitebrate fauna
of the present coast-liiie. Mammals, birds, reptiles, and fishes aie,

of course, absent
; but it must stiike one as remaikable that

foraminifera, sponges, corals, hydrozoans, entomostraca, tnlobites,

brachiopods, lameilibranchs, gasteropods, and pteiopods, should
be present in that far-oft epoch pietty much as we see them to-day.

Cambrian rocks are known in Yorke’s Peninsula, South Australia,
and ueai Leigh’s Cieek, 300 miles to the noitli of Adelaide.
Cambrian locks have been desciibed in the Kimbeiley district of

West Australia containing such w^oild-wide foims Saltcrella and
OleneUus. The Macdonnell Ranges of Central Austialia are con-
sidered also of Cambrian age, and, like all the Australian Cambrian,
are of marine origin. Some of the Cambrian beds were laid down
in shallow waters, as ripple-maiked quartzites and current-bedded
sandstones are known to occur. No contemporaneous igneous
rocks are known. The Cambiian shows evidence of much fold-

ing, and it is evident that the earth movements giving rise to the
folds took place before the deposition of the succeeding Silurian.

The Macdonnell Range, usually legaided as Cambrian, consists of

conglomerates, limestones, and .slates, and these conglomerates
are the first evidence of the existence of any land in Australia.
The Silurian system is well represented over Australia. Quite

one-thirtieth of the area of the continent is covered by locks of

this age. In the colony of Queensland, however, the ™ .

Silurian is not developed to any considerable extent.
orian.

The Australian Silurian consists of sandstones, mud-stones, con-
glomerates (rare), “slates,’* and limestones. Over a great aiea of
the country highly inclined mud -stones are known as Siluiian
“slates.** The cleavage of these rocks corresponds to the bedding
planes, and they are, therefore, not true slates. Nowhere has the
Australian Silurian been subjected to such intense metamorpbism
as to develop cleavages across the deposition planes. The Siluiian
beds have been tilted, folded, and broken; but the conditions
necessary for the production of rocks resembling, say, the Bangor
slates, were not present. The mud-stones of Victoria have yielded
an abundance of Graptolites, and these inteiesting fossils have also

been found in New South Wales. The richest fauna, however,
has been discovered in the limestones. European forms, made
familiar by text -books, are well represented, as, for instance
—RalysUeSf Fmosites, Syringopora, FhilUpsastrea, amongst the
corals ; Fhacops, Bronteus, and Calymene, amongst the tnlobites.

Eeceptamlites is also knowm, together with Fentamerus, and a
number of Spirifers. So far as is known, the Silurian lieds are

marine. No contemporaneous igneous rocks have been discovered.

In Victoria the Upper and Lower Silurian have an aggregate thick-

ness of 35,000 feet. In New South Wales a section has been mea-
sured at Molong showing a thickness of 3000 feet. The “slates ” of

Silurian age are often seen to rest directly on granite, their bedding
planes standing vertically and rising dii ectly from the gianite. The
granite is not, therefore, the oiiginal bed-rock on which the slates

were laid down. There is abundant evidence to show that much of
the grauite was intruded amongst the “ slates ’* after the latter were
left highly inclined by intense folding. These gi-aiiites are thei efore

younger than Silurian, and, as they do not in&nde on the Carbon-
iferous higher up in the senes, they are probably of Devonian age.

Some interesting caves have been discovei ed in the limestones of
this age. The Australian hlack-fellow has left us no history in

connexion with them. Certain rock shelters have been used by
the aboriginals, but of the limestone caves they evidently made no
use. The living aboriginal avoids even their vicinity. The
Wellington caves of New South Wales have been eroded through
limestones of Silurian age. Breccias accumulated through open-
ings from the surface, and yielded a senes of most interesting giant

marsupials, jfirst drawn attention to by Sir Richard Owen, In
fact, the whole importance of these caves lies in the scientific value
attached to the fossils referred to. From a scenic point the

caves are uninteresting. The Jenolan oaves of New South Wales
are also eroded from limestones of the same age. They have
yielded no fossils of especial interest, but are widely known for

their beauty. Geologically, the existence of the caves depends on
the fact that a bar of limestone runs almost directly across a

deeply eroded valley,—water, the giant sculptor of mountains,
having found it easier to make for itself a passage by dissolving

the limestones than by eroding them to the valley level.

In Australia there is a great development of stratified rocks up
to 23,000 feet in thickness, iinconformable to the older Silurian

and the overlying Carboniferous. The life of the period

is also clearly distinct from that of the preceding and
the succeeding rocks. Here for the first time in the geological

record we meet with contemporaneous igneous rocks. The Snowy
river porphyries of Victoria and certain felsitcs in the Braidwood
district, New South Wales, must be considered the results of
volcanic outbursts in Devonian times. In Queensland, Devonian
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rocks quite 20,000 feet in thickness have been measured, forming
one unbroken series. Devonian rocks are developed largely in

AVestern Australia. There is one belt 200 miles long, from the

Saw Ranges to the Lubbock Range. Interbedded igneous rocks,

breccias, and asli-beds are known, up to 100 feet in thickness. In

the Kimberley district of the same colony there are grits, con-

glomerates, and limestones and slaty shales of Devonian age, 1100

feet in thickness. The earliest land plant indicating a land flora

for Australia is Dicranophyllum Australicum from the middle
Devonian ot Queensland. Remnants of old land areas which
suppoited a land flora are also preserved near IVlansfield in

Victoria, also near Twofold Bay, and at Rydal in New South
Wales. Rocks with a thickness of quite 10,000 feet are developed

at Rydal (New South Wales). They contain the well-known fossils,

Spiriferct disjuncta and Ehynchonella pleurodoti^ occurring mostly in

quartzites. The series is made up for the most part of reddish and
purple shales, mud-stones, grit, and conglomerates. These show
a strong unconformability with the underlying Silurian. The
occurrence of Lepidodendron is remarkable, being found as it is

exactly in the same horizon as the Spirifer named.
The Carboniferous of Europe is remarkable for the great develop-

ment of workable coal-seams in the series. In Australia the

C h ~
greatest accumulation of coal is found in a subsequent

Jfero f
* series of rock known as the Permo-Carboniferous. The

“
‘ Australian Carboniferous is characterized by such forms

as LepidodeTidroUi RKcbcopteriSi Gordiates^ Archceopteris, Sphenopterisy

and PalceoTiiscid fish, and also by well-marked marine shells. The
rocks are therefore partly marine and partly fresh -water, and
evidence of contemporaneous igneous activity is left by a great

variety of rooks ranging from felsites to basalt. Carboniferous

beds rich in fossil plants can be traced from Queensland through
New South Wales. The Carboniferous rooks of Queensland are

conveniently divided into (1) Gympie series, which has been
measured up to 21,000 feet in thickness, on the Hodgkinson gold-

field. The chief fossils are the marine forms

—

Frotoretepora, amplay
Proditdus cora and Martinia sulradiata—associated with Lepido-
d&ndron: (2) the Star formation, made up of slates, conglomer-
ates, sandstones, and a thin band of limestone—the whole reaching
up to a thickness of 1 353 feet. Lepidodendron is also abundant,
and Oyclostigmay with the marine forms, Fhillipsm d%bia and
RhyncJmiella pleurodon. The Carboniferous rocks of West
Australia consist of limestone beds interbedded with shales, layers

of gypsum, and traces of rook salt 1000 to 1300 feet in thickness,

and a series of freshwater sandstones, with a thickness of 1800 feet.

The Silurian, Devonian, and Carboniferous, with their associated

igneous rocks, are the sources of all the metalliferous deposits in

Australia, the alluvial leads being of course derived from the wearing
down ofthese formations. The well-known Mount Morgan mine may
perhaps be noted as an exception, for we have here a geyser deposit,

of Upper Mesozoic or Tertiary age, in a Permo-Carboniferous area.

No rocks newer than the Carboniferous are known to have had
metalliferous deposits in the shape of lodes formed amongst them.

Permo-Carboniferous is a term originally proposed by Mr Robert
Etheridge, jun., for a formation “ distinguished by a copious marine

p _
fauna partaking of a Carboniferous and Permian nature,

^ from which lycopodiaceous plants were almost

iferous
entirely absent.” Anyone familiar with the Carbonifer-

ous rocks of Europe will remember that the most char-
acteristic fossil plant is Lepidodendron, This is absent in the Coal
Measures of eastern Auslialia

; and in its place we find plants,
and one form in particular, with quite a Mesozoic aspect. The
fern referred to is Glossopteris. This beautiful fossil plant is found
associated with workable Coal Measures over great areas of the
continent. The Permo-Carboniferous rocks of Eastern Australia
are quite 10,000 feet in thickness. The lower beds contain coarse
conglomerates in great abundance and a very distinctive marine
faima.^ The upper beds are made up for the most part of finer

materials and are of freshwater origin. The whole series is thus
divided in the type district, Newcastle, as follows :

—

§
§
s

1 ,

UpPEa Coal Measures

Upper Mabute Series

Lower CJoal Measures

|^X«o*WER MAJtmE Series

' The seams of coal worhed at Newcastle
belong to the Upper Coal Measures. The
best known, in the NewcastleCoalMeasures
are, m descending order—(1) Parbury’s seam

;

J ^2) Great Northern seam ; (3) Burwood seam

;

I
(4) Dirty seam

; (5) Yard seam
; (6) Borehole

seam. Glossopteris abundant. The Dempsey
Series, 2000 feet in thickness, separate these
coal seams from the underlying Tomago Coal

VMeasures.
' The Upper Marine Beds are about 5000
feet in thickness. The following divisions

^
are recognized in descending order:—(1) Beds
with Crinoids and Sanguinolites ; (2) beds with
abundance of Spirifers

; (8) Muree rock ; (4)
.conglomeiates.

( Greta Coal Measures, with no marine
< shells. Possil plants abundant. Glossopteris
( common.
( The Lower Marine Series is about 2000

•{
feet in thickness. EwrydesTna eorda^a is

characteristic.

Quite fifteen seams of workable coal, with an aggregate thick-
ness of 150 feet, have been opened up around Newcastle, New
South Wales. It has been estimated that at the present rate of
consumption the known coal beds would last 3000 years. The
same series with similar fossils is known to occur in West
Australia, Tasmania, and Queensland. A considerable amount of
volcanic activity manifested itself at many points over what is

now East and West Australia in Permo-Carboniferous times.
Jurassic beds are said to underlie the Cretaceous to the north of

Champion Bay, West Australia. Oolitic limestones, giits, sand-
stones, and clay ironstones make up the series. Some
fossils have been described from Shark Bay, where Jurassic^
they occur in ferruginous and variegated limestones,
clays, and ironstones, not unlike rocks of the same age occurring
in England. These interesting stratified rocks are all of marine
origin. In other parts of Australia freshwater desposits contain-
ing abundant plant remains are classed as Jurassic. A remnant
of rocks of this age occurs near Gulgong (New South AVales). Here
some yellow ferruginous shales were found to contain abundant
fish remains. The fish belonged for the most part to the Zepto-
lepidce, and on the same slab could be seen land-shells, and
impressions of Tceniopteris. The fossiliferous shales are in sitUy

being laid down in an eroded hollow in the Hawkesbury sandstone.
The type district for Triassic rocks in Australia is immediately

around Sydney. Here the rocks are divided into three groups:.

(1) Wianamatta shales, 700 feet
; (2) Hawkesbury

sandstone, 1000 feet
; (3) Narrabeen shales, 1600 feet. Triassic.

The whole series is characterized by the absence of

marine fossils and an abundant and decided Mesozoic flora. Pish
remains have also been discovered. Much of the beauty of Sydney
as a city is due to the excellent building material supplied by tlie

Hawkesbury sandstone. Ascending from Permo-Carboniferous to-

Triassic rocks we at once lose the characteristic Coal Measures
fossil, Glossopteris. Quite another fern characterizes Triassic rocks—Tceniopteris, In searching for artesian water in Western New
South Wales, Tceniopteris beds have been discovered (underlying
Cretaceous). After boring through these beds abundant supplies

of artesian water were struck. The presumption, therefore, is that
Triassic rocks, and not Cretaceous, are the source of artesian water,

if not in Queensland, certainly in New South Wales.
Queensland has a great series of coal-bearing rocks, known as

the Burrum formation. The lower Burrum coalfield extends
along the eastern coast-line from Point Cartwright on
the south, to Littabella Cieek on the north, and Trias-Jura.
stretches inland for an average distance of 25 miles.

Its area is estimated at 3000 square miles. The Coal Measures of

this formation contain several workable coal-seams, of excellent

quality for steaming purposes. No marine fossils have been
discovered, but ^ants of the usual Mesozoic aspect are i)lentiful.

Newer than the Burrum is the Ipswich, also classed as Trias-Jura.

This formation occupies an area of quite 12,000 square miles in

the south-eastern corner of Queensland. The Ipswich formation

contains excellent coal-seams. These beds contain no marine
fossils, the whole being laid down under freshwater conditions.

There is an abundant flora, prominent form" being

—

Equisetum,

Sphenopteris, Thinnfeldiay and Tceniopteris; but GlossopteriSy so*

characteristic of the Newcastle Coal Measures, is absent. The
Collie Creek Coal Measures of West Austialia may be pro-

visionally classed here. There is an important series of rocks in

Tasmania, undoubtedly of Mesozoic age, composed mainly of

variegated sandstones, shales, and blue and white clays. The
series frequently contains seams of coal of good thickness and fair

quality. There are no marine fossils, but a great abundance of

plant remains -with a decidedly Mesozoic aspect. Mr R. M.
Johnstone considers that these beds probably cover the whole
period from the close of the upper Palseozoio Coal Measures to

the beginning of the Tertiary period. Some of these beds are

probably of the same age as the Trias -Jura of Queensland.

Certain beds in Victoria, about Cape Patergos, Barabool Hills,

and a series known as the Bellarane beds, consTSing of sandstones,

j

coal, and carbonaceous shales, may belong to this series. They
contain an abundant fossil flora, but no marine fossils. The-

leading forms are Tceniopteris, Alethopteris^ and Zamites. These

rocks occupy four distinct areas, and contain all the known
coal-bearing rocks in Victoria. They cover, at least, 4000 square

miles.

The Cretaceous rocks cover an immense area in New South

Wales, Queensland, North, West, and Central Australia. They
may be grouped into three series—^the lower, developed
chiefly in Western Australia

;
the middle, in North- Cretaceous,

Western New South Wales
;
and the upper, in Queens-

land and over Central Australia generally. The Upper Cretaceous,

to which belongs the widely - spread formation known as desert

sandstone, must have covered more than one-fourth of the whole

continent. This sandstone, it has been remarked, is a monument
of the power of denudation. It is now found only in isolated

fragmentary table-lands. Taken as a whole, the desert sandstones-
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vary greatly in composition, in texture, and in general appear-
ance

;
but individual beds preserve their characteristics over

very large areas. In Western New South Wales deposits of
excellent opal have been found in marls of Cretaceous age.
These marls are undoubtedly of marine origin. The opal is
found filling ia seams in the marls ; but reptilean bones, wood,
gasteropod shells and belemnites are also found conveited into
noble opal of first quality. The silica of the opal is probably
derived from diatomaceous and ladiolarian tests in the marls.
The Lower Cretaceous rocks of Queensland are believed to be
sources of artesian water. The Cretaceous rocks of New South
Wales were also supposed to yield artesian water. More re-
cent investigation has shown that, although the artesian bores
are in many instances put down through Cretaceous rocks, the
water-bearing strata belong to the underlying Triassic. The
lower beds form the country known as the Rolling Downs. They
consist of shales, Cretaceous sandstones, with no great develop-
ment of Calcareous rocks or limestones. The presence of am-
monites and belemnites indicates a marine origin for these beds,
Cietaceous rocks cover probably more than 300,000 square miles.
It is estimated that the desert sandstone at one time covered an
area of 500 square miles, but has now been reduced by denudation
to isolated table-lands. The most striking feature in connexion
with the Queensland Cretaceous rocks is their horizontal bedding,
and their occurrence in flat-topped, step-cut hills. The desert
sandstone plains present a most desolate appearance, and form
some of the poorest, the driest, and the most inhospitable territory
of the continent. The Cretaceous rocks have been very little dis-
turbed by the intrusion of the igneous materials.

Marine beds of Eocene, Miocene, and probably Pliocene age
occupy a large extent of country on the southern shores of

the continent, extending from Gippsland away round
Tertiary, to West Australia. Marine Tertiary must cover at

least 20,000 square miles, and near Melbourne very
considerable thicknesses of Eocene rocks have been found.
The Croydon boring near Adelaide shows a thickness of fully
2300 feet of pre-Pliocene Tertiary strata. They reach inland
to the south-western corner of New South Wales, where they are
over-lain by alluvial deposits of Pleistocene age. Tertiary marine
beds are also known on the north coast of Tasmania. Quite a
different set of beds occur inland in New South Wales, Victoria,

and Queensland. There are also rocks of Tertiary age, but they
were laid down under inland and freshwater conditions. Some of
the beds contain in abundance fossil plants strongly suggestive of
some of the earlier Tertiary European flora. Sufficient is known
now of the marine Tertiary beds of Australia to separate them
into Eocene, Miocene, and Pliocene.

Eocene.

—

Eocene rocks are particularly rich in fossils—^the

Eocene beds of Aldinga and Adelaide being notable for gastero-

pods, lamellibranchs, echinoderms and corals. The Eocene beds at
Muddy Creek, West Victoria, are even more prolific, 649 species

of molluscs having been recorded. The Eocene beds are made up
of clays, calcareous limestones, sandstones, bands of pebbles and
grits and shelly limestones. The proportion of living species of

mollusca in Australian Eocene rocks nowhere exceeds 3J per cent.,

and the percentage is usually under two.

Miocene.— Miocene beds occur overlying Eocene rocks in the
river Murray cliffs. At Aldinga Bay and Hallet’s Cove, on the east

side of St Vincent Gulf, Miocene beds rest directly on the Eocene—^in both cases the newer rocks lying on the eroded surface of the
older. At Muddy Creek, in Western Victoria, Miocene beds are

also found overlying the Eocene, and near the Gippsland Lakes
they flank an Eocene escarpment. The Australian Eocene con-
tains 15 per cent, of living forms. The rocks consist of blue clays,

mottled sands, calciferous sandstones, and sandy clays.

Pliocene.

—

Bores put down at Dry Creek in South Australia

show the existence of strata with a fauna comprising 210 species, of

which 150 are gasteropods, and 60 lamellibranchs. As the beds
contain about 27 per cent, of living species, Professor Tate pro-

visionally called these beds Older Pliocene, ‘‘though in this case

the percentage system does not fully indicate the strong modem
facies exhibited in this collection of fossils.'* The Croydon bore,

near Adelaide, passed through 406 feet of stratified rocks, some of

which are of Pliooeue Age. Some beds occurring in the south-west
of Victoria, at Limestone Creek, have yielded an abundant fauna-—
the proportions of recent forms being 80 per cent.—and are con-

sidered late-Pliocene. These rooks are wholly marine. Towards
the centre of the continent, however, a totally different set of

beds were laid down, mostly of lacustrine or alluvial origin. In
Pliocene times much of the present arid interior was a well-watered
country, supporting a luxuriant vegetation. The fauna of this

period included many animals of astonishing proportions and most
remarkable structural characteristics. These larger forms were all

marsupials, tnd are now extinct. Species of diprotodon, noto-

therium, phascolomys, macropus, and protemnodon must have been
plentifully distributed. To account for the existence of such huge
herbivores, we must suppose a well -watered country, with a

luxuriant vegetation, in place of the present desolate and arid

region of Central Australia. The lakes of the interior of Australia,

which are for the most part simply dead levels of white salt, must
in Pliocene times have been magnificent sheets of water, set amidst
rich tropical forests. Herds ot giant marsupials, birds as large as
the New Zealand moa, saurians 15 feet in length {Nothosaums\
and gigantic monitors tenanted the country. Amongst the
marsupials, Diprotodon was the most notable, with a head 3 feet

in length. A kangaroo, with a skull as large as that of an ox,

{PaloTchestes azael) was the largest known member of the kangaroo
family. Nototherium^ another great marsupial, almost rivalled

the diprotodon. The remains of a large extinct wmmbat, equalling
a tapir in size, have also been described. Associated with these
was a skull with extraordinary adze-shaped teeth. Their long
chisel-like form suggested the name Scepamodon. There was also an
animal {Koalemus) probably the ancestral form of the living “native
bear.** The existing bear is an animal about 2 feet long, with a
body made to look more cluin.sy by the almost complete absence of
a tail. The bear of to-day weighs about 20 lb. The bear of Plio-

cene and post-Pliocene times was a similar animal, more clumsy and
more unwieldy, if such can be pictured. The fossil form was many
times as large as the “native bear,’* and would turn the scale at
500 to 600 ft. The Setreophilm, or “Tasmanian devil,” is now
extinct on the mainland, but its remains are very common in
Pliocene and post-Pliocene drifts, from Victoria to Queensland.
Another animal that lived in the days of the diprotodon, is

Thylacoleo, a gigantic ally of the phalangers. The skiiH measured
nearly a foot in length. Various theories have been advanced to
explain the extinction of forms so vast and varied. The diying up
of the lacustrine aiea had no doubt much to do with the change.
Pliocene conditions continued into post-Pliocene times. The absence
of marine beds of this age over the continent makes our sub-
divisions of this portion of the geological record somewhat arbitrary.

The great alluvial plains are the work of rivers in post-Pliocene
times, and much of the drifts and “leads” containing gold and
tin-stone are of the same age. AU the evidences of the presence
of man are confined to recent deposits. But although, geologic-
ally considered, man is a recent arrival, yet measured in years his
existence is one of vast antiquity on the Australian continent.

Granites may be said to be well represented, and are almost
everywhere associated with the older stratified rocks. Over the
whole of the interior, there is a notable absence of pt * t

basalt or recent lavas, and even of such intrusive rocks
as diorites. Vast tracts of Cretaceous and Tertiary 7^ "

country show no igneous rocks for many hundreds of

square miles. The Kosciusko plateau consists for the most part of
gneissic granite, cut through sparingly by igneous dykes, and in
one instance, by what seems to be a volcanic neck. The bulk of
tbe Australian granites seem to have been intruded into Silurian

and Devonian, and perhaps even into Carboniferous, but they are
older than the Permo-Carbonifeious. The first manifestations of
igneous outpourings are noted as having occurred in Devonian
times. In the succeeding Carboniferous and Permo-Carboniferous,
volcanic activity was also very manifest, and is shown by many
hundred feet of interstratified volcanic products. In Triassic

times there is very little sign of volcanic action. The Cretaceous
period, too, was one of quietude. The next outburst of volcanic

fires occurred in tbe Tertiary, and this continued down almost to

the advent of the aboriginals. In the western district of Victoria

some remarkably fine craters remain quite fresh and very little

cut into or denuded by atmospheric agencies. Here quite eight of
the points of eruption have been counted which poured out the
floods of basalt known in Victoria as newer volcanic.

As regards the distribution of recent volcanic rocks, New
South Wales shows excellent types of trachytes in the Warrum-
bungle mountains, and also in the Canohlas, a point of eruption

near Orange, about one hundred miles west of Sydney. Along the
slopes oftheMain Dividing Range, there is much basalt ofthe typical

basic character. Many of the “ leads ’* that have yielded so much
alluvial gold are old river-beds buried under this basalt. Elat-

topped basalt-covered hills are a marked character of the western

slopes of the eastern Dividing Range. These are remnants of lava

streams that flowed from long extinct, but geologically recent,

volcanoes. Basalt in these instances filled the old valleys, and
the surrounding country rock being worn away, the basalt now
remains above tne general level. Thus the lines of the old rivers,

once the lowest part of the country, now stand out as the highest

gi'ound. Water-worn pebbles, sand, and shingle—^in other words,

old river-drifts—are invariably found under these cappings. A
leucite basalt of Tertiary age occurs in three different localities in

New South Wales. No nephelin basalts have been discovered

anywhere on the continent. Serpentines are well represented, in

one case evidently derived from an olivine-bearing rock. Basaltic

dykes are extremely common, cutting up through tbe whole
geolomoal series as high as the Triassic. In formations of a later

age, dyke rocks are not so common. Rhyolites and true Andesites
are rare as products of recent volcanic action in Australia.

S. I.— loo
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Flora.

To understand the distribution of plants in Australia, one must
always bear in mind that the central valleys and plateaux are

surrounded by physical conditions totally difierent from those pre-

vailing on the coastal plains, and that the noithern part of the

continent has been invaded by a number ot plants characteristically

Melanesian. This element was introduced md Torres Strait, and
spread down the Queensland coast, and also round the gulf of

Carpentaiia, but has never been able to obtain a hold in the more
arid interior. Judging by the plants alone, and to a great extent

by the animals, nobody could tell, when in a Queensland coast-

jungle, 'whether he were in Australia or Kew Guinea. Travellers

often describe the wonderful wealth of plant life in the eastern

coast-line, but this must not be taken as indicating the nature of

the flora inland in the same latitude. In the interior there is

little change in the general aspect of the vegetation, from the

Australian Bight to the region of Carpentaria when the exotic

element begins. Behind the luxuriant jungles of the Queensland
coast, once over the Main Range, we And the purely Australian

flora with its apparent sameness and sombre dulness. Physical

surroundings rather than latitude determine the character of the

flora. The contour lines showing the heights above sea-level are

the directions along which species spread to form zones. Putting
aside the exotic vegetation of the north and east coast-line, the
Australian bush gains its peculiar character from the prevalence of

the so-called gum-trees {EuGalyptiLs) and the acacias, of which last

there are 300 species. But the eucalypts above all are every-

where. Stunted eucalypts fringe the tree limit on Mount Kosciusko,

and the soakages in the parched interior, which pass on maps for

rivers, are indicated by a line of the same trees, stunted and
straggling. Over the vast continent from Wilson’s Promontory
to Cape York, north, south, east, and west—where anything can
grow—there will be found a gum-tree. The eucalypts, so typical of

the Australian bush, are lemarkable for the oil secreted in their

leaves, and the large quantity of astringent resin of their baik.

This resinous exudation (Kino) somewhat resembles gum, hence
the name *‘gum” tree. It will not dissolve in water as gums do,

but it is soluble in alcohol, as resin usually is. Many of the gum-
trees throw off their bark, so that it hangs in long dry strips from
the trunk and branches, a feature familiar in ‘‘hush” pictures.

The bark, resin, and “oils” of the eucalyptus are well known as

commercial products. As early as 1866, tannic acid, gallic acid,

wood spirit, acetic acid, essential oil and eucalyptol, were pro-

duced from various species of eucalyptus. The genus eucalyptus
numbers more than one hundred and fifty species, and provides
some of the most durable timbers known. The iron-harx of the
eastern uplands is well known {Eucalyptus siderovcylon), and is so

called from the hardness of the wood, the bark not being remarkable
except for its rugged and blackened aspect. Samples of this timber
have been studied after forty-three years’ immersion in sea water.
Portions most liable to destruction, those parts between the tide

marks, were found perfectly sound, and showed not the slightest

sign of the ravages of marine organisms. The well-known Jarrah
{Eucalyptus marginata) of West Australia is one of the most
durable of timbers

; 14,000 square miles of country are covered
with this species. This tree has been known to grow to
10 feet in diameter and 120 feet in height. The timber is nearly
impervious to the attacks of the teredo. There is good evidence
to show that, exposed to wear and weather, or placed under the
soil, or used as submarine piles, the wood remained intact after
nearly fifty years’ trial. The following figures show the high
density of Australian timber :

—

Australian Specific Australian Specific
Timber. Gravity. Timber. Gravity.

Jarrah . 1T2 Tallow wood . . 1*23
White iron-bark . 1‘17 Mahogany . 1-20
Red iron bark . .

1-22 Grey gum . -917
Forest oak . 1*21 Red gum

.

. -996

European Specific European Specific
Timber. Gravity. Timber. Gravity.

Ash . -753 Ebony . 1*19
Beech . -690 British oak •99

Chestnut . . *585

Various “scrubs” characterize the interior, differing very
widely from the coastal scrubs. “ Mallee” scrub occupies large
tracts in South Australia and Victoria, covering probably an
extent of 16,000 square miles. The mallee is a species of euca-
lyptus growing 12 to 14 feet high. The tree breaks into thin
stems close to the ground, and these branch again and again, the
leaves being developed umbrella-fashion on the outer branches.
The naallee scrub appears like a forest of dried osier, growing so

" that it is not always easy to ride throngh it. Hartfly a leaf is
jfatble tp the height of one’s head ; but above, a crown of tbi(i
leatbeit-like leaves shuts out the sunlight. The ground below is

perfectly bale, and there is no water. Nothing could add to the
steiility and the monotony ot these mallee scrubs. “Mulga” scrub
is a somewhat similar thicket, covering laige areas. The tree in this
instance is one of the acacias, a genua distributed through all
arts of the continent. Some species have rather elegant blossoms
now n to the settleis as “wattle.” They serve admirably to bieak

the sombre and monotonous aspect of the Australian vegetation.
Two species of acacia are remaikable for the delicate and violet-like
perfume of their wood—myall and yaiian. Proteaceous plants,
although not exclusively Australian, are exceedingly characteristic
of Australian scenery, and are counted amongst the oldest floweiing

S
lants of the woild. The order is easily distinguished by the hard,
ry, woody texture of the leaves and the dehiscent fruits. They

are found in New Zealand and also in New Caledonia, their greatest
developments being on the south-west of the Australian continent.
Proteacese are found also in Tien a del Fuego and Chile. They are
also abundant in South Africa, where the order foims the most
conspicuous feature of vegetation. The range in species is very
limited, no one being common to eastern and western Australia.
The chief genera are banksia {honeysuckle)^ and hakea {needle
lush).

The well-known Moreton Bay pine {Araucaria Cunmnghamu) is

reckoned amongst the giants of the forest. The genus is associated
with one long extinct in Europe. Moieton Bay pine is chiefly

known by the utility of its wood. Another species, A. Bidwilliij
or the bunya-hunya, afforded food in its nut-like seeds to the
aborigines. A most remarkable form of vegetation in the north-
west is the gouty-stemmed tree, one of the Malvacese. It is

related closely to the famous baobab of tropical Africa. The
“grass-tree” {Xanthorrhoea), of the uplands and coast regions, is

peculiarly Australian in its aspect. It is seen as a clump of wire-
like leaves, a few feet in diameter, suirounding a stem, haidly
thicker than a walking-stick, rising to the height of ten or twelve
feet. This terminates in a long spike thickly studded with white
blossoms. The grass-tree gives as distinct a character to an
Australian picture as the agave and cactus do to the Mexican
landscape. With these might be associated the gigantic lily of
Queensland {Nymphcea gigantea), the leaves ofwhich float on water,

and are quite eighteen inches across. There is also a gigantic lily

{Doryanthes excelsa) which grows to a height of 15 feet. The
“ flame tree ” is a most conspicuous feature of an Illawarra land-

scape, the largest racemes of crimson red suggesting the name.
The waratah or native tulip, the magnificent flowering head of
which, with the kangaroo, is symbolic of the country, is one of

the Proteacese. The natives were accustomed to suck its tubular
flowers for the honey they contained. The “ nardoo ” seed, on
which the aborigines sometimes contrived to exist, is a creeping
plant, growing plentifully in swamps and shallow^ pools, and belongs
to the natural order of Marsiliacese. The spore-cases remain after

the plant is dried up and withered. These are collected hy the
natives, and are known over most of the continent as nardoo.
No speculation or hypothesis has been propounded to account

satisfactorily for the origin of the Australian floia. As a step

towards such hypothesis it has been noted that the Antarctic,

the South African, and the Australian floras have many types in

common. There is also to a limited extent a European element
present. One thing is certain, that we have in Australia a flora

that is a remnant of a vegetation once widely distributed. Heer
has described such Australian genera as Banksia, Eucalyptus,
Grevileea, and Hakea from the Miocene of Switzerland. Another
point agreed upon is that the Australian flora is one of vast

antiquity. We have here genera so far removed from every

living genus that many connecting links must have become extinct.

The region extending round the south-western extremity of the

continent has a peculiarly characteristic assemblage of typical

Australian forms, notably a great abundance of the Proteaceae,

This flora, isolated by arid country from the rest of the continent,

has evidently derived its plant life from an outside source, prob-

ably from lands no longer existing.

Fauna.

More than a hundred marsupials, or about two-thirds of the
known species, are natives of Australia. The kangaroo (Macropus),

emblematic of the island continent, lives in droves in the open
grassy plains of the interior. Several smaller forms of the same
general appearance are known as wallabys, and are common every-

where. Other terrestrial marsupials are the wombat {JPhascolomys),

a large clumsy burrowing animal, not unlike a pig, which attains a

weight of from 60 to 100 Tb ; the bandicoot (Perameles), a rat-like

creature whose depredations annoy the agriculturist; the native

cat (Dasyurus), noted robber of the poultry yard
;
the Tasmanian

wolf (Thylacinus), which preys on large^ game; and the recently-

discovered Notoryctes, a small animal which burrows like a mole in

the desert of the interior. Arboreal species include tht well-known
opossums {FhaZa'tiger) ; the extraordinary tree-kangaroo of the

Queensland tropics
;
the flying-squiiTel, which expands a membrpe

between the legs and arms, and by its aid makes long sailing
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jumps from tree to tree
;
and the native bear {Phascolarctm), an

animal with, no affinities to the bear, and having along soft fur and
no tail. More lowly organized than the foregoing are the tvo
nionotremes, the Platypus, and Echidna or native porcupine

;
the

former is famous for seeming “ half bird, half beast," and is much
sought after lor its exquisite fur. The dugong lives in the shel-

tered inlets of the Queensland coast, and is systematically hunted
for its oil by natives and whites. Three kinds of seals occur
upon the south coast.

The mammals of Australia are with a few exceptions marsupials;
that is, they differ profoundly in structure from all other mammals
and are lower in the scale of organization. The marsupials of

Australia have been isolated from the rest of the world from a

E
eiiod antedating the appearance of higher mammals in other
inds. By this isolation they are spared those contests with

stronger mammals which resulted in the extermination of the

marsupials of other continents, with the exception of the opossums
of America. We notice, however, a wonderful development of
groups," parallel with the development of the higher mammals

in other lauds :

—

Placentals of Europe.

1. Rodents.

2. Carnivora.

3. Insect-eaters.

4. Hoofed beasts.

5. Sloths and ant-eaters.

6. Mole.

Marsupials of Australia.

1. Wombat and allies.

2. Hative “cats."
3. Bandicoots.

4. Kangaroos.

5. Native ‘
‘ bear ” and echidna.

6. Marsupial mole.

The geographical limits of the marsupials are very interesting.

The opossums of Ameiiea are marsupials, though not showing
anomalies as great as kangaroos and bandicoots (in their feet), and
myrmecobius (in the number of teeth). Except the opossums, no
single living marsupial is known outside the Australian zoological

region. The forms of life characteristic of India and the Malay
peninsula come down to the island of Bali. Bali is separated

from Lombok by a strait not more than 15 miles wide. Yet
this narrow belt of water is the boundary line between the Austral-

* asian and the Indian regions. The zoological boundary passing

through the Bali Strait is called “Wallace’s line,” after the

eminent naturalist who was its discoverer. He showed that not
only as regards beasts, but also as regards birds, these regions are

thus sharply limited. Australia, he pointed out, has no wood-
peckers and no pheasants, which are widely-spread Indian birds.

Instead of these it has mould-making turkeys, honey-suckers,

cockatoos, and brush-tongued lories, all ofwhich are found nowhere
else in the world.

The Myrmecobius of Western Australia is a bushy-tailed ant-

eater about the size of a squirrel, and from its lineage and structure

of more than passing interest. It is, Mivart remarks, a survival of

a very ancient state of things indeed. It had ancestors in a flourish-

ing condition during the Secondary epoch. Its congeners even
then lived in England, as is proved by the fact that their relics

have been found in the Stonesfield oolitic rocks, the deposition of

which is separated from that which gave rise to the Paris Tertiary

strata by an abyss of past time which we cannot venture to express

even in thousands of years.

Australia is rich in snakes, and has more than a hundred
different kinds. Most of these are venomous, but all are not
equally dreaded. Five rather common species are certainly deadly

—

the death adder, the brown, the black, the superb, and the tiger

snakes. During the colder months these reptiles remain in a
torpid state. No certain cure has been or is likely to be dis-

covered for their poison, but in less serious cases strychnine has
been used with advantage. In tropical waters a sea snake is

found, which, though very poisonous, rarely bites. Among the

inoffensive species are counted the graceful green “tree snake,"

which pursues frogs, birds, and lizards, to the topmost branches of

the forest; also, several species of pythons, the commonest of

which is known as the carpet snake. These great reptiles may
attain a length of 10 feet

;
they feed on small animals, which they

crush to death in their folds. In the estuaries of the Northern
Queensland rivers crocodiles abound. Some aged examples reach a
length of 25 feet, and such are most dangerous. A small and
inoffensive species is found near Fort Darwin. Lizards occur in
great profusion and variety. A monitor is popularly known as

the “goanna,” a name deiivedfrom iguana, an entirely difiTerent

animal. The “frilled lizard" is a most remarkable creature.

When brought to bay it stands erect on its hind-legs, extends an
umbrella-like frill around its neck, and at the same time opens
wide its jaws. The homed lizard of Western Australia {Moloch
horridus) is reputed the ugliest of existing animals, being covered
all over with sharp spines, which give it a vicious and repulsive

appearance really, however, it is most inoffensive. Frogs of
many kinds are plentiful, the brilliant green frogs being especially

conspicuous and noisy.

Two other creatures may he ranked with myrmecobius, as of

more than passing interest to the naturalist. The “mud-fish"
of Queensland {Ceratodus Forsteri) belongs to an ancient order of

Ashes—the Dipnoi, only a few species of which have survived
from past geological periods. The Dipnoi show a distinct transi-

tion between fishes and amphibia. For many years only two
species were known to science : Lepidosiren paradoxa of South
America and Lepidosiren {Protopterus) amiectmis of Africa. Re-
cently, however, the Australian mud -fish has been referred to

the Dipnoi,—for it was seen that it was provided with a gill-like

breathing apparatus, and also true lungs. The blood circulation

is in a sense intermediate between that of frogs and fishes. The
heart has one ventricle and two auricles. So far the mud-fish is

knowm only from the Mary and the Bui nett riveis. Hardly of
less stieiitific interest is the Port Jackson shark {Heterodontiis).

It is a harmless helmeted ground-shark, living on molluscs, and
almost the sole survivor ot a genus abundant in the Secondaiy
rocks of Euiope. One of its remaikable characteristics is the
pavement of crushing teeth with which the mouth is lined. The
beautiful Trigonia shell, so plentitul in Sydney harbour, is another
genus originally believed to be extinct. The first descriptions

were published from fossil forms. It was a welcome discovery to

find Trigonia still surviving in Australian seas. There are only
about five species living to-day, and even these are not plen-

tiful. In the Secondary period, however, they must have been
extremely abundant ; they swarmed in Oolitic seas.

Another link connecting the present fauna of Australia with
that of Secondary Europe has recently been discovered. For a
considerable time a peculiar group of heriings {Diplomystus\ char-

acterized by a row of scutes on the back, resembling those found
in other types on the o[)posite aspect of the body, have been
known from Cretaceous and early Tertiary rocks, their range in-

cluding Brazil, Wyoming, and the Isle of Wight Until recently
these herrings were considered to be extinct, hut they have now
been found alive in certain rivers of New South Wales.
The origin of the fauna and flora of Australia has of late attracted

considerable attention. Much accumulated evidence, biological and
geological, has pointed to a southern extension of India, an eastern

extension of South Africa, and a western extension of Austialia
into the Indian Ocean. The comparative richness of proteaceous
plants in Western Australia and South Africa first suggested a
common source for these primitive types. Dr H. 0. Forbes diew
attention to a certain community amongst birds and other verte-

brates, invertebrates, and amongst plants, on all the lands stretch-

ing towards the South Pole. A theory was therefore propounded
that these known types were all derived from a continent which
has been named Antarctica. The supposed continent extended
across the South Pole, practically joining Australia and South
America. Just as we have evidence of a former mild climate in
the Arctic regions, so a similar mild climate has been postulated
for Antarctica. Modern naturalists consider that many of the
problems of Australia’s remarkable fauna and flora can be best
explained by the following hypothesis :—The region now covered
by the Antarctic ice-cap was in early Tertiary times favoured by a
mild climate ; here lay an Antarctic continent or archipelago.

From an area corresponding to what is now South America there

entered a fauna and flora, which, after undergoing modification,

passed by way of Tasmania to Australia. These immigrants
then developed, with some exceptions, into the present Aus-
tralian flora and fauna. This theory in the course of a decade
has advanced from the position of a disparaged heresy to accept-

ance by leading thinkers. The discovery as fossil, in South
America, of primitive or ancestral forms of marsupials has given
it much support. One of these, ProthyladmtiS, is regarded as the
forerunner of the marsupial wolf of Tasmania. An interesting

link between divergent marsupial families, still living in Ecuador,
the Ccenolestesy is another discovery of recent years. On the
Australian side the fact that Tasmania is richest in marsupial
types indicates the gate by which they entered. It is not to be
supposed that this Antarctic element, to which Professor Tate has
applied the name JSuronotian, entered a desert barren of all life.

Previous to its arrival Australia doubtless possessed considerable

vegetation and a scanty fauna, chiefly invertebrate. At a com-
paratively recent date Australia received its third and newest
constituent. The islands of Torres Strait have been shown to be
the denuded remnant of a former extension of Cape York peninsula

in North Queensland. Previous to the existence of the strait,

and across its site, there poured into Australia a wealth of Papuan
forms. Along the Pacific slope of the Queensland Cordillera these

found in soil and climate a congenial home. Among the plauts

the wild banana, pepper, orange, and mangosteen, rhododendron,
epiphytic orchids, and the palm

;
among mammals the bats and

rats
;
among birds the cassowary and rifle birds

;
and among

reptiles the crocodile and tree snakes, characterize this element.

The numerous facts, geological, geographical and biological, which
when linked together lend great support to this theory, have
been well worked out in Australia by Mr Charles Hedley of the
Australian Museum, Sydney.
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Statistics. 1

Climate, — The tropic of Capricorn divides Aus-

tralia into two parts. Of these the northern or inter-

tropical portion contains 1,145,000 square miles, com-

prising half of Queensland, the Northern Territory of

South Australia, and the north-western divisions of

West Australia. The whole of New South Wales,

Victoria, and South Australia proper, half of Queensland,

and more than half of West Australia, comprising

1,801,700 square miles, are without the tropics. In a

region so extensive very great varieties of climate are

naturally to be expected, but it may be stated as a general

law that the climate of Australia is milder than that of

corresponding lands in the Northern Hemisphere. During

July, which is the coldest month in southern latitudes, one

haH of Australia has a mean temperature ranging from
45“ to 61“, and the other half from 62“ to 80“. The
following are the areas subject to the various average

temperatures during the month referred to :

—

Temperature
Fahr.
45‘’-50’

Area in
Square Miles.

. 18,800
50'’-55“ . 596,300
55"-60" . 681,800
60"-65‘’ . 834,400
65“-70" . 615,000
70°-75° . 275,900
75“-80° . 24,600

The temperature in December ranges from 60“ to above
95“ Fahr., half of Australia having a mean temperature

below 84“
. Dividing the land into zones of average

summer temperature, the following are the areas which
would fall to each :

—

Temperature
Fahr.

60*-65‘’ ....
Area in

Square Miles.

. 67,800
65"-70* .... . 63,700
70®-75“ .... . 352,300
75'’.80* .... . 439,200

. 783,60080°-85° ....
85“-90‘* .... . 670,600
90®-95“ .... . 584,100
95® and over . 135,400

Judging from the figures just given, it must be conceded

that a considerable area of the continent is not adapted for

colonization by European races. The region with a mean
summer temperature in excess of 95“ Fahr. is the interior

of the Northern Territory of South Australia north of the

20th parallel
;
and the whole of the country, excepting the

seaboard, lying between the meridians of 120“ and 140“,

and north of the 25th parallel, has a mean temperature in

excess of 90“ Fahr.

Becent observations confirm the earlier opinions as to

the dr3niess of the Australian climate, and it may be
taken that nearly 40 per cent, of the area of the con-

tinent has not a greater annual rainfall than 10 inches.

This dry area is shaped like a flattened oval lying between
the 117th and 142nd meridian east and the parallels of 21“

and 32“ south. Very little of Queensland and New South
Wales and no part of Victoria lie within this area. The
following table shows the rainfall zones in square miles :

—

Tiai-nftin Eainfall Areas in

Under 10 inches .... 1,219,600
10 to 20 „ . . . . 843,100
20 to 30 „ . . , . 899,900
30 to 40 „ . . . . 225,700

*

40 to 50 „ . . . . 140,300
60 to 60 „ . . . . 47,900
60 to 70 ,, . . . . 66,100
Over 70 ,, ... 14,100

Total . . 2,946,700

^ These statistics refer only to the continental states of the Federa-
tion, not to Tasmania,

[statistics

Population.— The Australian people are mainly of
British origin, only 5 per cent, of the population of Euro-
pean descent being of non-British race. It is certain that
the aborigines are very much less numerous than when the
country was first colonized, but their present numbers can
be given for only a few of the states. At the census of

1891, 38,879 aborigines were enumerated, of whom 8280
were in New South Wales, 565 in Victoria, 23,789 in
South Australia, and 6245 in West Australia. It has
been asserted by the Queensland authorities that there

are 70,000 aborigines in that state; but this is a crude
estimate, and may be far wide of the truth. In South
Australia and the Northern Territory a large number are

outside the bounds of settlement, and it is probable that

they are as numerous there as in Queensland. The census

of West Australia included only those aborigines in

the employment of the colonists; and as a large part of

this, the greatest of the Australian states, is as yet

unexplored, it may be presumed that the aborigines

enumerated were very far short of the whole number of

persons of that race in the state. Taking all things into

consideration, the aboriginal population of the continent

may be set down at something like 200,000. The Chinese

number about 36,000, and are chiefly found in New South
Wales and Queensland; South Sea Islanders and other

coloured races number probably about 16,000, and are to

be found principally in Queensland. On the 1st January
1900 the population of Australia was 3,535,430, but

this figure is exclusive of aborigines living outside the

boundaries of settlement. The increase of population

since 1870 was as follows :—1870, 1,549,706 ; 1880,

2,130,686 ; 1890, 3,013,790. The expansion has been

due mainly to the natural increase
;
that is, by reason of

excess of births over deaths. Immigration to Australia

has not been on a large scale since the first gold dis-

coveries. The distance from Europe and the cost of the

passage tend to prevent the flow of population, but added

to this there has been lately a disinclination on the part

of the Australian Governments, except those of Queens-

land and West Australia, to encourage immigration and
provide for the welfare of the immigrants on their arrival.

During the last ten years the inflow of population has not

averaged more than four or five thousand a year, and in 1899

there was an actual excess of emigrants to the number of

5189. The natural increase of population is about 14^
per thousand, a ratio very little higher than in Great

Britain, where the excess of births over deaths is about 12

per thousand, and far below the average obtaining in these

states a few years ago. In 1899 the births numbered

95,964 and the deaths 45,425, showing a ratio per thousand

equal to 27'25 and 12*90 respectively. In 1891 the births

numbered 105,215 and the deaths 45,187, giving the

ratios of 34*42 and 14*78 per thousand respectively.

There has been a very great faUing-off in the proportion

of births to marriages, to such an extent indeed that the

rate of Australia, which was formerly very high, has now
dropped to the European level. This change has taken

place since 1884. On the other hand there has been an

improvement in the death-rates. The marriages in 1899

numbered 24,811, which gives a proportion of 7*05 per

thousand inhabitants. This ratio is below the normal, and

may be expected to be increased to about 7*50 per

thousand, which was about the average for the years 1886

to 1890. The decline in the Australian marriage-rate was

largely due to the bank failures which occurred in 1893,

and from which the states have made a very slow

recovery.

Australia contains only four cities whose population

exceeds 100,000, and fifteen with over 10,000. The prin-

cipal cities and towns are Sydney (pop. 489,000), Newcastle,
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Broken Hill, Parramatta, Goulburn, Maitland, Batkiirst,

Grafton, Albury, and Orange in New South Wales;
Melbourne (pop. 494,000), Ballarat, Bendigo, Geelong,
Warrnambool, Castlemaine, and Stawell in Victoria

;

Brisbane (pop. 120,000), Bockhampton, Maryborough,
Townsville, Gympie, Ipswich, and Toowoomba in Queens-
land ; Adelaide (pop. about 162,000, including Port
Adelaide) in South Australia; Perth (pop. 44,000) and
Fremantle in West Australia.

Aborigines.

The aborigines of Australia are a single race throughout the
whole continent. They are far removed in character from any
other peoples, and have evidently been isolated from the rest

of the human race from prehistoric times. Although their

physical and mental characters stamp them as one, it is gener-
ally accepted now that the race is a blend of two or thiee
different elements, introduced into Austialia probably -when the
continent was still connected by dry land with New Guinea. If

the aboriginal races be divided, as they conveniently may, into
three classes, class A would be characterized as follows :—Hunters
and fishers who dig for tubers, build crude canoes, have implements
of rude design, have no fixed abode and no buildings. Class B
would comprise hunters of a higher class, having finer -finished

weapons, showing skill in carving, dressing neatly, and having
habitations. Class C would include a higher grade, namely, those
with fixed habitations, some rude method of agiiculture, and some
form of government. The Australian aborigines undoubtedly
belong to the first or lowest class. They are typical hunters, ‘^in

this respect unapproached by the Canadian trapper, the South
African bushman, or any other people, savage or civilized.”

Although in physical appearance the natives vary considerably,

still they are clearly differentiated from any other race. The colour

of the skin ranges fiom dusky copper to black. Muscle is usually

not well developed, the legs m particular being notably destitute

of calves. The physique of the aborigines of the central and more
arid portions of the continent is not, as might be expected, up to

that of the favoured tribes living on the coast or coastal uplands.

Except in the arid interior the Australian black-fellow averages
6 feet 6 inches in height, while savages standing 6 feet are not un-
common. There is usually an abundance of hair on the face and
breast ; but towards the northern portions of the continent it has
been noted that the aboriginal has a less luxuriant beard. The
hair of the head is raven black and wavy

;
this is somewhat

modified where Papuan influence has been felt, the hair then being
quite curly and frizzly. The peculiarities about the aboriginaTs
head are very marked. The skull is abnormally thick and the
cerebral capacity small. The head is long and somewhat narrow,
and the forehead recedes in a marked degree. He has usually

excellent teeth, and the hands and feet aie not strikingly large.

The black-fellow’s carriage is graceful and erect
;
he walks with the

head well thrown back, and his senses are always on the alert.

His powers in tracking, stalking his prey, and hurling his spear
are proverbial. His implements, offensive and defensive, have been
well described by standard authors, but little or no light has been
thrown on the origin of that wonderful weapon, the boomerang.
Some writers have taken the trouble to show that the boomerang
was in use ages ago in Africa and in India ; but if we define the
boomerang as an instrument which when projected into the air

returns to its thrower, it may be safely said that we have no proof
that any other race ever knew of such an implement. The
boomerang that returns to the thrower is rarely if ever used for

fighting purposes. The stone implements of the aborigines may
be said to be crude in the extreme. But any good coUection of

their implements will show— (1) fiakes
; (2) knives, in many

varieties
; (3) spear-heads

; (4) chisels
; (5) scrapers

; (6) needles or
awls ; (7) hammers ; (8) anvils ; and (9) grinding stones. Toma-
hawks showing a high finish are sometimes found, but they were
evidently rare. There is nothing specially distinctive about the
stone implements to distinguish them from those of other primitive
peoples.

Closer study has not improved on previous estimates as to the
paradoxical moral code of the aborigines. A wife will be beaten
without mercy for unfaithfulness to her husband, but the same
wife -will have had to submit to the first-night promiscuity, a
widespread revel which Both shows is a regular custom in North-
west Central Queensland. A husband claims his wife as his
absolute property, but he has no scruple in handing her over for

a time to another man. There is no proof that anything like

community of women or unlimited promiscuity exists anywhere.
It would be wrong, however, to conclude that moral considerations
have led up to this state of things. Of sexual morality, in the
everyday sense of the word, there is none. Although not invari-

ably cannibals, the aboriginal relishes human flesh. In his treat-

ment of women the aboriginal may be ranked lower than even the

Eiiegians. Early in life the young girls are subjected to horrible

mutilation (introcision), which is in some obscure way associated

with quite a different operation, ‘‘the terrible rite” or male
introcision, to which young men are subjected. The operation

may be said to be confined to the tribes of Central and North-
central Australia. The Tasmanians knew nothing of the iite, or

of circumcision, and they aie believed to represent the original

stock that spread over the continent, and, being the most isolated,

advanced but little.

The following description by Mr W. A. Horn will apply with
little modification to the black-fellow over the whole continent :

—

“The Central Australian aboriginal is the living representative of

a stone age, who still fashions his spear-heads and knives from flint or

sandstone, and performs the most daring surgical operations with
them. His origin and history aie lost in the gloomy mists of the
past. He has no written records and few oral traditions. In
appearance he is a naked, hirsute savage, with a type of features

occasionally pronouncedly Jewish. He is by nature light-bearted,

merry and prone to laughter, a splendid mimic, supple-jointed,

with an unerring hand that works in perfect unison with the eye,

which is as keen as that of an eagle. He has never been known
to wash. He has no private owneiship of land, except as regards
that which is not over-carefully concealed about his person. He
cultivates nothing, and lives entiiely on the spoils ot the chase j

and although the thermometer frequently ranges fiom 15° to
over 90° F. in twenty-four houis, and his country is by no
means devoid of fuired game, he makes no use of the skins for

clothing, but goes about during the day and sleeps in the open at

night perfectly nude. He builds no permanent habitation and
usually camps where night or fatigue overtakes him. He can
travel fiom point to point for hundieds of miles through the
pathless bush with unerring precision, and track an animal over
rocks and stones, where a European eye would be unable to dis-

tinguish a mark. He is a keen observer, and knows the habits and
changes of form of every variety of animal or vegetable in his
country. Eeligious belief he has none, but is excessively super-

stitious, living in constant dread of an Evil Spirit which is supposed
to lurk around his camp at night. He has no gratitude except
that of the anticipatory order, and is as treacherous as Judas. He
has no traditions, and yet continues to practise with sciupulous
exactness a number of hideous customs and ceremonies which have
been handed down from his fathers, and of the origin or reason of

which he knows nothing. Ofttimes kind and even affectionate to
those of his children who have been permitted to live, he yet
practises, without any reason except that his father did so before
him, the most cruel and revolting mutilations upon the young
men and maidens of his tribe.”

Every traveller on the Queensland coast must have noticed that,

directly a boat puts off for the shore, smoke signals ascend from
point to point as far as the eye can reach. It is now ascertained
that information of a varied character can be conveyed over long
distances by smoke signals. For the purpose of signalling, the
Queensland blacks use a complicated system based on the following
signals ;—(1) The slender column of light-coloured smoke

; (2)

a heavy column of smoke
; (3) a slender column of black smoke j

(4) interrupted or intermittent columns of smoke
; (5) groups or

columns of smoke columns. Much attention has been given to the
instrument known as “bullroarer,” as being one of the few instru-

ments used by the Australian aboriginal and far-distant primitive
peoples. A flat piece of wood is attached at one end to a string

and rapidly whirled in sling fashion. Vibiations are set up result-

ing in a roar, which has an extraordinary effect upon the hearei.

Women and children are never allowed to see the instrument
;
and

when in the absolute stillness of the forest the buzzing of the roar
rises and falls, people unable to account for such weird sounds are

awed beyond measure. Mr A. W. Howitt, writing on the subject,

remarks : “The universality of its use, and under the same con-
ditions, in world- wide localities, is one of the most puzzling
questions in this branch of anthropology, and can only, as it seems
to me, point to its extreme antiquity.”

The most cursory observer of the aboriginal will notice that he
makes no visible acknowledgment of a Supreme Being. He has
no altar and no form of sacrifice. The fear of any future punish-
ment or the hope of any future reward is neither a deterrent nor an
incentive. If he has a religion, it is something completely apart

from morals. There is no evidence to show that a black-fellow is

f
iided or influenced in any action by the knowledge of a Supreme
ower to whom he is responsible.

The route by which the blacks arrived in Australia has not yet
been placed beyond question. If the Tasmanians be accepted as

the nearest approach to the primitive type, then we have a race

that had neither a boomerang nor a shield. Their whole belong-

ings consisted of stone tomahawks and a few crude spears. If this

represents the stage to which primitive man had reached when the

blacks first peopled Australia, then their coming must he placed

far back in the early history of mankind. That they have been
isolated for long ages may be taken for granted. They have de-



798 A-USTilALI-A- [statistics

rived little or nothing from the present races to the noith of Torres

Strait. Certainly the blacks of North Australia seem somewhat
in advance of the aborigines generally. But no clear connexion

exists either in language, oi manners, or customs with Malays oi

Papuans The sunny and playful disposition of the aboriginal

points to Papuan lather than Malay blood, but the probability is

that the natives weie in possession long before the present dis-

tribution of Papuan and Malay. The blacks on pai ts of the north

coast use an outiiggei to their canoes—an idea evidently introduced

fiom beyond Torres Strait. The bow and arrow are not known
among the aborigines of Australia. The question arises as to

whether they were ever acquainted with their use. Had they ever

known such weapons, it is hardly likely that the knowledge of

tliem could ever have been lost. Depending, as the Australian

black-fellow did, on the chase, nothing could be better fitted lor

his wants. The absence of these implements points conclusively to

the fact that the ancestors of these people reached Austialia before

the bow and arrow became what they are now, implements in

use by almost all races. It is not necessaiy that the first-comers

should have been skilful navigators. Possibly there was land con-

nexion between Australia and New Guinea in post-Tertiary times,

by means of which the aborigines made their way.
The study of the languages of the vaiious tribes has so far

yielded nothing of exceptional importance. As an instance of how
a spoken tongue may vary in a shoit time the following is of

interest :—In 1893 a wild tribe of natives was discovered in the

Wentworth district of New South Wales. This tiibe oiiginated

through a black-fellow hiding in some little-kiiown countiy with
a few gins for some thirty yeais. In that time the tube had
grown to thnty—^men, women, and children. The country they

were concealed in is known as inallee scrub, the most wretched

kind of land known in the state The tube lived as only black-

fellows can on kangaroo, wild oat, and ant eggs. They used water

bags made from the skins of kangaroo legs. They produced fire in

the old way by rubbing two sticks together, and their only

weapons were speais, which were merely stems of mallee, roughly

pointed and barbed. The remaikable fact is that the station

blacks had considerable difficulty in making the wild tribe under-

stand them, although thirty years before they must have spokeu
the same language.

Por purposes of comparison the aboriginal character, habits, and
customs may be summed up as follows :

—

Morali
Mervtal, and Socicd.—No moral code. A clear idea of

individual ownership in property. A wife is held as property.

No idea of a Supreme Being. Unable to grasp abstract ideas. No
idols, no altar, and no form of sacrifice. No form of prayer or suppli-

cation. Not in any way guided in their actions by the hope of

future reward or future punishment. No written language. Build
no houses. No pottery. No weaving. No idea of moral justice.

No art, save the making of some plaited bags. Very fearful of

unseen dangers and in constant dread of witchcraft No owner-
ship in land, but the tribes have a well-understood limit to their

hunting-grounds. Reached only to the “binary stage” in count-

ing Have a gesture speech, more or less perfected in various
tiibes, and often a complete code of smoke signals. In all that
concerns hunting and the chase, their senses are far keener than
those of civilized man.

Gy^stomSy <Sso,—Circumcision practised over most of the continent.
The rite of male and female introcision practised m a horrible

manner by many tribes. Some tribes force the young women to

submit to promiscuity after the operation, but this is a thing
quite apart from “ communal mairiage ” or general promiscuity.
Mutual avoidance of mother-in-law and son-in-law. A complicated
marriage relationship. No marriage ceremony. A wife is pro-
cured by purchase, as a gift from her parents, or occasionally by
forcible abduction. Polygamy is recognized. Infanticide practised.

Cannibalism common. Tjq)ical hunters, hut do not use the bow
and airow. Most tribes nave a chief or head man, but his office

is not hereditary, neither is a chief elected.

Im'pl&nicnts, dic,—Stone chisels, hammers, and tomahawks.
Barbed speais. The boomerang. A throwing stick for spears.

Various clubs, and fighting boomerangs not made to return to the
thrower. Make crude canoes and plait twine nets, bags, and
armlets.

It is right to add that the black -fellow, when unspoiled by
aggression and bad treatment, is docile, capable of kindness, and
even of ^eat affection. But even here he is inconstant. The
early explorers found them an inoffensive people

;
and even at the

date of writing the tnhes who practise the dreadful mutilations
referred to are seldom hostile, and, when their womenfolk are not
taken from them, they are disposed to be friendly.

Religion,—There is no state church in Australia, nor is

the teaching of religion in any way subsidized by the
Htate, The Church of England claims as adherents 39

cent, of the population, and the Eoman CathoHc

Church 22 per cent.
;
next in numerical strength are the

Wesleyans and other Methodists, numbering 12 per cent.,

the various branches of the Presbyterians 11 per cent.

Congregationalists 2 per cent., and Baptists 2 per cent.

At the beginning of the year 1900 it was estimated that
there were m Australia 1,374,000 adherents of the Church
of England, 783,000 Eoman Catholics, 385,000 Presby-
terians, 79,000 Congregationalists, and 81,000 Baptists.

Instruction.—Education is very widely distributed, and
in every state it is compulsory for children of school ages
to attend school. The statutory ages differ in the various

states : in New South Wales and West Australia it is

from 6 to 13 years, in Victoria 6 to 12 years, in Queensland
6 to 11 years, and in South Australia 7 to 12 years inclu-

sive. Eeligious instruction is not imparted by the state-paid

teachers in any state, though in certain states persons,

duly authorized by the religious organizations, are allowed

to give religious instruction to children of their own de-

nomination where the parents’ consent has been obtained.

According to the returns for 1899 there were 6357 state

schools, with 13,462 teachers and 585,556 pupils, and the

average attendance of scholars was 411,331. Besides

state schools there were 2454 private schools, with 7778
teachers and 140,285 scholars, the average number of

scholars in attendance being 109,389. The census of 1891
showed that about 76 per cent, of the whole population

and more than 88 per cent, of the population over five

years of age could read and write. There was, therefore,

a residue of 12 per cent, of “illiterates,” most of whom
were not bom in Australia. The marriage registers furnish

another test of education. In 1899 only thirteen persons

in every thousand married were unable to sign their

names, thus proving that the number of illiterate adults of

Australian birth is very small.

Public Firwbnce,—The public revenues and expenditures

of the various Governments for the year ending June 1900
were :

—

Revenue. Expenditure.

New South Wales . .£9,978,786 £9,811,402
Victoria .... 7,450,676 7,318,945
Queensland . . . 4,588,207 4,540,418
South Australia , . 2,858,329 2,936,619
West Australia . . 2,875,396 2,615,676

The chief sources of revenue are customs taxation, railways,

postal receipts, <kc., and public lands. There are direct

taxes on land and incomes in New South Wales, Victoria,

and South Australia. The sums obtained during 1900

from the various sources named were :

—

Customs and Excise , . .£7,180,907
Other Taxation .... 2,320,076

Railways, &c 10,440,347

Postal and Telegraphs . . . 2,148,335

Public Lands 3,430,641

Other sources 2,221,038

The expenditure may be giouped as follows :

—

Railways and Woiking Expenses . £6,897,686

Postal and Telegiaphs . . , 2,095,810

Public Instruction.... 1,760,207

Interest and Charges on Debts . 7,274,923

All other services .... 9,694,433

The public debt of the states on 30th June 1900 was

£186,813,712, thus distributed :

—

New South Wales . . . ,£65,332,993

Victoria 49,324,885

Queensland 34,849,414

South Australia . . . 26,131,780

West Austialia .... 11,674,640

About 80 per cent, of the whole public debt has been

incurred for the purpose of constructing public works

yielding a direct revenue ;
but the proportion varies in each

staAe, and the details of the debt will be found under
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tlie head of each particular state. The area of Australia

is 2j946j691 square miles, or 1,885,882,240 acres; of this

area the states have sold or otherwise parted with nearly107.000.

000 acres, and have under lease 779,000,000
acres. The buBr of the best land has been sold, the area

neither leased nor sold, which amounts to about
1.000.

000.000 acres, being chiefly in West and South
Australia, and for the most part outside the region of

regular rainfall.

Defence.—Practically there is no standing army in

Australia, as the total number of paid soldiers is only 1571.
This small permanent force is supported by a partially-

paid force of 14,066, and an unpaid or strictly volunteer

force of 6063 men. There are in each state, besides the

land forces, small corps of naval volunteers capable of

being employed as light artillery land forces or upon the

local war vessels. Although the regular military force

of the states is very smaU, Australasia (including New
Zealand) was able to despatch 8300 troops for service in

South Africa, and of these 6310 belonged to Australia

proper. The naval defence of Australia is entrusted to

the Imperial Navy, and Sydney, the headquarters of the
fleet, ranks as a first-class station.

Fisheries,—^The only deep-sea fisheries now carried on
to any extent in Australia aie the pearl fisheries in

Queensland and West Australia. At one time whaling
was an important industry on the coasts of New South
Wales and Tasmania, and afterwards on the Western
Australian coasts. The industry gravitated to New
Zealand, and finally died out, chiefly through the wasteful

practice of killing the calves to secure the capture of the
mothers. Of late years whaling has again attracted

attention, and a small number of vessels prosecute the
industry during the season. The diving for pearl shell is

actively carried on in Torres Strait, and has become an im-
portant industry, giving employment to nearly 2000 men,
and the take in 1899 was 1200 tons of shell, valued at

^£130,105. Besides shell some b^che-de-mer and tortoise-

shell is obtained. The pearl shell industry of West
Australia is chiefly carried on along the north-west coast

and in Shark Bay, but the production now shows a large

falling-off owing to the exhaustion of the inshore banks.
The value of pearls and pearl shell raised in 1899 amounted
to £96,000, the banks at Shark Bay yielding only ^3824,
compared with £16,043 in 1890.

Timber Industry,—The timber industry is prosecuted
on a large scale in West Australia and New South
Wales, especially in the first-named state, where very
extensive forests of splendid hardwoods exist. In 1899
the value of timber exported was—^from West Australia

£553,198, and New South Wales £102,218, the com-
bined exports of the other three states only reaching

£17,000. These figures do not indicate the whole value
of the industry, especially in New South Wales, where a
larger quantity is consumed locally than is exported.

Grazing and AgricuUv/re,—^The continent is essentially a
pastoral one, and in 1899 depastured 72,625,000 sheep,

9.678.000 cattle, 1,639,000 horses, besides large numbers
of swine

; the figures show a great falHng-off from previous
years, for in 1891 there were 104,800,000 sheep and
10.860.000 cattle depastured. The butter industry is

making great progress, and there were, in 1899, 1,102,000
head of dairy cattle, and the butter made was little short

of 100,680,000 Ib, Next to the pastoral industry agricul-

ture is the principal source of Australian wealth. In 1900
the area devoted to tillage was 8,441,000 acres, namely,
wheat 5,550,000 acres; maize, 336,000 acres; oats,

325.000 acres
;
other grains, 121,000 acres

;
hay, 1,454,000

acres
;
potatoes, 112,000 acres; sugar-cane, 133,000 acres;

vines, 61,000 acres; and other crops, 349,000 acres. The

chief wheat lands are in Victoria, South Australia, and
New South Wales

;
the yield averages about 9 bushels to

the acre, and is lowest in South Australia. Maize and
sugar-cane are grown in New South Wales and Queensland.
The vine is cultivated in all the states, but chiefly in

South Australia, Victoria, and New South Wales. Australia

produces abundant quantities and nearly all varieties of

fruits; but the kinds exported are chiefly oranges, pine-

apples, bananas, and apples. Tobacco thrives well in

New South Wales and Victoria, but kinds suitable for

exportation arfi not largely grown. Compared with the

principal countries of the world, Australia does not take a
high position in regard to the gross value of the produce
of its tillage, but in value per inhabitant it compares fairly

well
; indeed, some of the states show averages which

surpass those of many of the leading agricultural countries.

For 1900 the total value of agricultural produce estimated

at the place of production was £17,000,000 sterling, or

about £4, 16s. 7d. per inhabitant.

Mmeral Productwn,—Australia is one of the great

gold producers of the world, and its yield in 1899 was
about £14,334,000 sterling, and the total value of

its mineral production was approximately £19,663,000.
Gold is found throughout Australia, and the present

prosperity of the states is largely due to the discoveries

of this metal, the development of other industries being, in

a country of vaiied resources, a natmal sequence to the

acquisition of mineral treasure. From the date of its first

discovery, up to the close of 1899, gold to the value of

£368,160,000 sterling had been obtained in Australia.

Victoria, in a period of forty-eight years, contributed

about £254,000,000 to this total, and is still a large

producer, its annual yield being about 736,000 oz., 29,000
men being engaged in the search for the jirecious metal.

Queensland’s annual output is 705,000 oz.; the number of

men engaged in gold-mining is 10,000. In New South
Wales the greatest production was in 1852, soon after the

first discovery of the precious metal, when the outjmt was
valued at £2,660,946; the production in 1899 was about

496,000

oz., valued at £1,752,000. Until recently West
Australia was considered to be destitute of mineral de-

posits of any value, but it is now known that a rich belt

of mineral country extends from north to south. The first

important discovery was made in 1882, when gold was
found in the Kimberley district; but it was not until a few
years later that this rich and extensive area was developed.

In 1887 gold was found in Yilgarn, about 200 miles east

of Perth. This was the first of the many rich discoveries

in the same district which have made West Australia

the chief gold-producer of the Australian group. At the

present time there are eighteen goldfields in the state,

and it is estimated that over 20,000 miners are actively

engaged in the search for gold. In 1899 the production

amounted to 1,644,000 oz., as compared with 30,310 oz.

in 1891. Of all the Australian states South Australia

has produced the smallest quantity of gold, the total out-

put from the commencement of mining operations being

valued at little more than £2,213,000 sterling. The
following table gives the value of gold raised from the

commencement of mining to the close of the year 1899:

—

state Value Produced

New South Wales . . . £47,546,000
Victoria 254,157,000
Queensland .... 47,388,000
South Austialia . , . 2,213,000

West Australia .... 16,906,000

The production of gold, which had been declining

steadily for many years, reached the lowest point in 1886.

Since then there has been a marked revival. The pro-

duction of gold in each state in 1899 is given below ;

—
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State

Weight.
Oz.

Value of Gold.

New South Wales . 496,196 £1,761,815
Victoria . 854,500 3,418,000

Queensland 946,894 2,838,119

South Australia 23,123 79,041

West Australia

.

. 1,643,877 6,246,733

The following shows the number of miners at work :

—

state. Miners Employed.

N’ew South Wales .... 19,300

Yictoria . . . . .30,100
Queensland 9,800

South Australia 2,000

West Australia 21,000

The greatest development of quartz reefing is found in

Victoria, some of the mines being a great depth. There

are seven mines in the Bendigo district over 3000 feet

deep, and fourteen over 2500 feet deep. In Lansell’s 180

Mine a depth of 3352 feet has been reached, and in

Lazarus Mine 3424 feet. In the Ballarat district a depth

of 2520 feet has been reached in the South Star Mine.

Silver has been discovered in all the states, either alone or in

the form of sulphides, antimonial and arsenical ores, chloride,

bromide, iodide, and chloro-bromide of silver, and argentiferous

lead ores, the largest deposits of the metal being found in the

last-mentioned form. The leading silver mines aie in New South
Wales, the returns from the other states being comparatively

insignificant. The fields of New South Wales have proved to be

of immense value, the yield of silver during 1899 being £2,070,400,

and the total output to the end of the year named £28,000,000.

The Broken Hill field, which was discovered in 1883, extends over

2500 square miles of country, and has developed into one of the

piincipal mining centres of the world. It is situated beyond the

river Darling, and close to the boundary between New South
Wales and South Australia. The lodes occur in Silurian meta-

morphic micaceous schists, intruded by granite, porphyry, and
dionte, and traversed by numeious quartz reefs, some of which are

gold-bearing. The Broken Hill lode is the largest yet discovered.

It varies in width from 10 feet to 200 feet, and may be traced for

several miles. Although indications of silver abound in all the

other states, no fields of great importance have yet been dis-

covered. Up to the end of 1899 Australia has produced silver to

the value of £29,559,000, of which nearly £28,000,000 was obtained

from the fields of New South Wales.

Copper is known to exist in all the states, and has been mined
extensively in South Australia, and on a much smaller scale in

New South Wales and Queensland, The low quotations which
have ruled for a number of years have had a depressing effect upon
the industry, and many mines once profitably worked have now
been closed. The discovery of copper liad a marked effect on the

fortunes of South Australia at a time when the young colony was
surrounded by difficulties. The first important mine, the Kapunda,
was opened up in 1842. It is estimated that at one time 2000
tons were produced annually, but the mine was closed in 1879.

In 1845 the celebrated Burra Burra Mine was discovered. This
mine proved to be very rich, and paid £800,000 in dividends to
the original owners. Bor a number of years, however, the mine
has been suffered to remain untouched, as the deposits originally

worked were found to be depleted. For many years the average
output was from 10,000 to 13,000 tons of ore, yielding from 22 to

23 per cent, of copper. For the period of thirty years during
which the mine was worked the production of ore amounted to

234,648 tons, equal to 51,622 tons of copper, valued at £4,749,924.
The Wallaroo and Moonta mines, discovered in 1860 and
1861, proved to be even more valuable than the Burra Burra,

the Moonta mines employing at one time upwards of 1600
hands. The dividends paid by these mines amounted to about
£1,750,000 sterling. The satisfactory price obtained during recent
years has enabled renewed attention to be paid to copper mining
in South Australia, and the production of the metal in 1899 was
valued at £406,000. The copper mining industry in New South
Wales reached its highest point in 1883, when the production was
valued at £472,982. The principal deposits of copper are found in
the central part of the state between the Macquarie, Darling,

and Bogan rivers. Deposits have also been found in the New
England and Southern cUstricts, as well as at Broken Hill, showing
that the mineral is widely distributed throughout the state.

The more important mines are those of Cobar, where the Great
Cobar Inline produced, in 1899, 8794 tons of refined copper, valued
at £265,580. In Northern Queensland copper is founa throughout
the Cloncuxry district, in the upper basin of the Star river, and
the Serberton district. The returns from the copper fields in the
state are at present small, owing to the lack of suitable fuel for

smelriug purposes, which renders the economic treatment of the

ore difficult
;
the development of the mines is also greatly retarded

by the want of easy and cheaper communication with the coast.
In West Australia copper deposits have been worked for some
years. Very rich lodes of the metal have been found in the
Northampton, Murchison, and Champion Bay districts, and also
in the country to the south of these distiicts on the Irwin river.
As in the other copper-producing states, there has been a revival
of the industry in West Australia, the pioduction in 1899 being
valued at £36,000. The total value of copper produced in
Australia up to the end of 1899 was £29,402,000 sterling,

£21,936,000 having been obtained in South Australia, £5,019,000
in New South Wales, and over £2,032,000 in Queensland.

Tin was known to exist in Australia from the first years of
colonization. The wealth of Queensland and the Northern Terri-
tory of South Australia in this mineral, accoiding to the reports of
Dr Jack, late Government geologist of the former state, and the
late Kev. J. E. Tenison-Woods, appears to be very great. The most
important tin mines in Queensland are in the Herberton district,

south-west of Cairns ; at Cooktown, on the Annan and Bloomfield
rivers ; and at Stanthorpe, on the border of New South Wales.
Herberton and Stanthorpe have produced more than thiee-fourths
of the total production of the state. During the past few years
the production has greatly decreased in consequence of the low
price of the metal, but in 1899 a stimulus was given to the
industry, and the production was valued at £77,000. In New
South Wales lode tin occurs principally in the gianite and stream
tin under the basaltic country in the extreme north of the state,

at Tenterfield, Emmaville, Tingha, and in other districts of New
England. The metal has also been discovered in the Barrier
Ranges, and many other places. The value of the output in
1899 was set down at £90,000. The yield of tin in Victoria is

very small, and until lately no fields of importance have been
discovered ;

but towards the latter end of 1890 extensive deposits

were reported to exist in the Gippsland district— at Omeo and
Tarwin. In South Australia tin mining is unimpoitant. In
West Australia the production from the tin fields at Green-
bushes was valued in 1899 at £25,000. The value of tin produced
in Australia is about £100,000 per annum, and the total production
to the end of 1899 was valued at £11,743,000, of which £6,388,000
was obtained in New South Wales and £4,526,000 in Queensland.

Iron is distributed throughout Australia, but for want of

capital for developing the fields this industry has not progressed.

In New South Wales there are, together with coal and limestone

in unlimited supply, important deposits of rich iron ores suitable

for smelting purposes ; and for the manufactuie of steel of certain

descriptions abundance of manganese, chrome, and tungsten oies

are available. The most extensive fields are in the Mittagong,

Wallerawang, and Rylstone districts, which are roughly estimated

to contain in the aggregate 12,944,000 tons of ore, containing

5,853,000 tons of metallic iron. Magnetite, or magnetic iron, the

richest of all iron ores, is found in abundance near Wallerawang in

New South Wales. The proximity of coal-heds now being worked
should accelerate the development of the iron deposits, which, on
an average, contain 4f per cent, of metal. Magnetite occuis in

gieat abundance in West Australia, together with haematite, which
would be of enormous value if cheap labour were available.

Goethite, limonite, and haematite are found in New South Wales,

at the junction of the Hawkesbury sandstone formation and the

Wianamatta shale, near Nattai, and are enhanced in their value

by their proximity to coal-beds. Near Litbgow extensive deposits

of limonite, or clay-band ore, are interbedded with coal. Some
samples of ore, coal, and limestone, obtained in the Mittagong
district, with pig-iron and castings manufactured therefrom, were

exhibited at the Mining Exhibition in London and obtained a
first award.
Antimony is widely diffused throughout Australia, and is

sometimes found associated with gold. In New South Wales the

principal centre of this industry is Hillgrove, near Armidale,

where the Eleanora Mine, one of the richest in the state, is

situated. The ore is also worked for gold. In Victoria the

production of antimony gave employment in 1890 to 238 miners,

but, owing to the low price of the metal, production has almost

ceased. In Queensland the fields were all shewing development in

1891, when the output exhibited a very large increase compaied

with that of former years
;

but, as in the case of Victoria, the

production of the metal seems to have ceased. Good lodes of

stibnite (sulphide of antimony) have been found near Roebourne,

in West Australia, but no attempt has yet been made to work

them.
Bismuth is known to exist in all the Australian states, but up

to the present time it has been mined for only in three states,

viz., New South Wales, Queensland, and South Australia. It is

usually found in association with tin and other minerals. The

principal mine in New South Wales is situated at Kingsgate, in

the New England district, where the mineral is generally associated

with molybdenum and gold.

Manganese probably exists in all the states, deposits having
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been found in IN'ew South. Wales, Victoria, Queensland, and
West Australia, the richest specimens being found in iN’ew

South Wales. Little, however, has been done to utilize the
deposits, the demands of the colonial markets being extremely
limited. The ore generally occurs in the form of oxides,

manganite, and pyrolusite, and contains a high percentage of
sesquioxide of manganese.

Platinum and the allied compound metal Iiidosmine have been
found in New South Wales, but so far in inconsiderable qiiantities.

Iiidosmine occurs commonly with gold or tin in alluvial drifts.

The noble metal Tellurium has been discovered in New South
Wales at Bingara and other parts of the northern districts, as

well as at Tarana, on the western line, though at present in
such minute quantities as would not repay the cost of working.
At many of the mines at Kalgoorlie, West Australia, large

quantities of ores of telluride of gold have been found in the lode
formations.

Lead is found in all the Australian states, hut is woiked only

when associated with silver. In West Australia the lead occuis

in the form of sulphides and carbonates of great richness, hut
the quantity of silver mixed with xt is veiy small. The lodes are

most frequently of great size, containing huge masses of galena,

and so little gangue that the oie can veiy easily be dressed to 83

or 84 per cent. The association of this metal with silver in the

Broken Hill mines of New South Wales adds very greatly to the

value of the product. Up to the end of 1899 the quantity of lead

in the ores raised is estimated to have been 5:23,000 tons.

Mercury is found in New South Wales and Queensland. In
New South Wale's, in the form of cinnabar, it has been discovered

on the Cudgegong river, near Kylstone, and it also occurs at

Bingara, Sollerino, Yulgilbar, and Cooma In the last-named
place the assays of ore yielded 22 per cent, of mercury.

Titanium, of the varieties known as octahediite and brookite, is

found in alluvial deposits iu New South Wales, in conjunction
ivith diamonds.
Wolfram (tungstate of iion and manganese) occurs in some of

Sketch Map of the Mining Fields of Australia.

the states, notably in New South Wales, Victoria, and Queens-

land. Scheelite, another variety of tungsten, is also found in

Queensland. Molybdenum, in the form of molybdenite (stdphide

of molybdenum), is found in New South Wales and Victoria,

associated in the former state with tin and bismuth in quartz

reefs.

Zinc ores, in the several varieties of carbonates, silicates, oxide,

sulphide, and sulphate of zinc, have been found in several of the

Australian states, but have attracted little attention.

Nickel, so abundant in the island of New Caledonia, has up to

the present been found in none of the Australian states except

Queensland. Few attempts, however, have been made to prospect

systematically for this valuable mineral.

Cobalt occurs in New South Wales and Victoria, and efforts

have been made in the former state to treat the ore, the metal
having a high commercial value ;

but the market is small, and no
attempt has yet been made to produce it on any large scale. The
manganese ores of the Bathurst district of New South Wales often

contain a small percentage of cobalt, sufficient, indeed, to warrant
further attempts to work them. In New South Wales chromium
is found in the northern portion of the state, in the Clarence

and Tamworth districts, and also near Gundagai It is usually

associated with serpentine. In the Gundagai district the industry

was rapidly becoming a valuable one, but the low price of chrome
has greatly restricted the output. In 1899 the production was
valued at £17,000.

Arsenic, in its well-known and beautiful forms, orpiment and
realgar, is found in New South Wales and Victoria. It usually

occum in association with other minerals in veins.

The Australian states have been bountifully supplied with
mineral fuel. Five distinct varieties of black coal, of well-

characterized types, may be distinguished, and these, with the two
extremes of brown coal or lignite and anthracite, form a perfectly

continuous series. Brown coal, or lignite, occurs principally

in Victoria. Attempts have frequently been made to use the

mineral for ordinary fuel purposes, but its inferior quality has

prevented its general use. Black coal forms one of the principal

resources of New South Wales ;
and in the other states the deposits

of this valuable mineral are being rapidly developed. Coal of a

very fair description was discovered in the basin of the Irwin

river, in West Australia, as far back as the year 1846. It has

been ascertained from recent explorations that the area of

carboniferous formation in that state extends from the Irwin

northwards to the Gascoyne river, about 300 miles, and^ probably

all the way to the Kimberley district. The most important

discovery of coal in the state, so far, is that made in the hed of

S. L— loi
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the Collie river, near Bunburj, to the &outh of Perth. The coal

has been treated and found to be of good quality, and there are

grounds for supposing that there are 26^0,000,000 tons m the field.

l)r Jack, late Government geologist of Queensland, considers the

extent of the coal-fields of that state to be practically unlimited,

and is of opinion that the Carboniferous formations extend to a

considerable distance under the Great Western Plains. It is

roughly estimated that the Coal Measures at present practically

explored extend over an area of about 24,000 square miles. Coal-

mining is an established industry in Queensland, and is progressing

satisfactorily. The mines, however, are situated too far from the
coast to permit of serious competition with Newcastle in an export

trade, and the output is practically restricted to supplying local

requirements. New South Wales still exports coal to Queensland.

The production of the state is about 400,000 tons a year, three-

fourths of which is obtained in the Ipswich district. The coal-

fields of New South Wales are situated in three distinct regions

—

the northern, southern, and western districts. The first of these

comprises chiefly the mines of the Hunter river districts; the
second includes the Illawarra district, and, generally, the coastal

regions to the south of Sydney, together with Berrima, on the
table-land

;
and the third consists of the mountainous regions on

the Great Western Railway, and extends as far as Dubbo. The
total area of the Carboniferous strata of New South Wales is

estimated at 23,950 square miles. The seams vary in thickness.

One of the richest has been found at Greta in the Hunter river

district ; it contains an average thickness of 41 feet of clean coal,

and the quantity underlying each acre of ^ound has been com-
puted to be 63,700 tons. The coal mines in New South Wales
give employment to 10,340 persons, of whom 8220 are employed
undergroimd and 2120 above ground, and the annual production

is about 4,700,000 tons. Black coal has been discovered in

Victoria, and about 250,000 tons are now being raised. The
piincipal collieries in the state are the Outtrim Howitt, the Coal
Creek Proprietary, and the Jumbunna. In South Australia, at

Leigh’s Creek, north of Port Augusta, coal-beds have been dis-

covered. The quantity of coal extracted annually in Australia has
now reached 6,260,000 tons, the estimated production of each state

up to the end of 1899 being as follows ;

—

Tons.

New South Wales .... 86,000,000
Victoria 1,500,000
Queensland 5,700,000

This industry gave direct employment in and about the mines to

the following numbers of persons in the several states ;

—

Miners.

New South Wales 10,340
Victoria 900
Queensland 1,100

Kerosene shale (torhanite) is found in several parts of New
South Wales. It is a species of cannel coal, somewhat similar to

the Boghead mineral ot Scotland, but yielding a much larger

percentage of volatile hydro-carbon than the Scottish mineral.

The richest quality yields about 100 to 130 gallons of crude oil per
ton, or 17,000 to 18,000 cubic feet of gas, with an illuminating

power of 35 to 40 sperm candles, when gas only is extracted from
the shale. Prom the year 1865, wh.eu the mines were first opened,
to the end of 1899, the quantity of kerosene shale raised has
amounted to 996,000 tons, valued at £1,908,000.

Large deposits of alum occur close to the village of BuUadelah,
30 miles from Port Stejphens, New South Wales, It is said to

yield well, and a quantity of the manufactured alum is sent to

Sydney for local consumption. Marble is found in many parts of
New South Wales and South Australia. Kaolin, fire-clays, and
brick-clays are common to all the states. Except in the vicinity

of cities and townships, however, little use has been made of the
abundant deposits of clay. Kaolin, or porcelaiu clay, although
capable of application to commercial purposes, has not as yet been
utilized to any extent, although found in several places in New
South Wales and in West AusiJalia.

Asbestos has been found in New South Wales in the Gundagai,
Bathurst, and Broken Hill districts—in the last-mentioned district

in considerable quantities. Several specimens of very fair quality
have also been met with in West Australia,

Many descriptions of gems and gem stones have been discovered
in various parts of the Australian states, but systematic search
has been made principally for the diamond and the noble opal.

Diamonds are found in all the states
;
but only in New South

Wales have any attempts been made to work the diamond
drifts* The best of the New South Wales diamonds are
harder and much whiter than the South African diamonds,
and are cksaified as on a par with the best Brazilian gems,
but no large specimens have yet been found. The finest opal
known is obteined in the Upper Cretaceous formation at White
OE8^, near Wilcannia, New South Wales, and at these mines
«3|b(>nt too men find constant employment, Other precious

stones, including the sapphire, emerald, oriental emerald, ruby,
opal, amethyst, garnet, chrysolite, topaz, cairngorm, onyx, zircon’
&c., have been found in the gold and tin-bearing drifts and river
gravels in numerous localities throughout the states. The
sapphire is found in aU the states, principally in the neighboui-
hood of Beechworth, Victoria. The oriental topaz has been found
in New South Wales. Oriental amethysts also have been found in
that state, and the ruby has been found in Queensland, as well as
in New South Wales. Turquoises have been found near Wangar-
atta, in Victoria, and mining operations are being carried on in
that state. Chrysoberyls have been found in New South Wales

;

spinel rubies in New South Wales and Victoria
;
and white topaz

in all the states. Chalcedony, carnelian, onyx, and cat’s eyes
are found in New South Wales

;
and it is probable that they are

also to be met with in the other states, particularly in Queens-
land, Zircon, tourmaline, garnet, and other precious stones of
little commercial value are found throughout Australia.

Commerce.—^The shipping trade has expanded very greatly since
1871, In that year the tonnage entered in all the ports of
Australia was only 1,679,700 tons; in 1899 it was upwaids of
9,998,000 tons. These figures must be taken with qualification, as
many of the steamers trading between Europe and Austi alia call at
the principal ports of West Australia, South Australia, Victoria,
and New South Wales, and are set down in the returns as entered
at all these ports, so that the total tonnage is exaggeiated

; but
when every allowance is made on this score, it will be found that
Australia required nearly six times as much shipping in 1899 to
carry its trade as it did in 1870. The value of goods imported into
the various states in 1899 was £61,801,076 ; in 1891, £63,605,225

;

in 1881, £44,094,638 ;
and in 1871, £26,195,760 ; and the ex-

ports during the same period were—1899, £74,488,792 ; 1891,

£61,698,032; 1881, £41,111,798; 1871, £32,360,762. The im-
ports in 1899 represent £17, 11s. Od. and the exports £21, 3s. Id.

per inhabitant. These figures, however, refer to the gross trade
;

to arrive at thetrade with countiies outside Australia a considerable
reduction will have to be made, as the value of re-exports in 1899
was approximately £18,636,000, equal to £5, 5s. lOd. per inhabit-
ant

;
in that year the net imports amounted to £12, 6s. 2d. per

inhabitant, and the net exports to £15, 17s. 3d. The bulk of the
Australian trade is in British hands, about 35 per cent, of the im-
ports are from Great Britain and about the same proportion of the
exports are sent to that country. Australia has long been a
favourite place for British investments, and under normal con-

ditions the exports should exceed the imports to the extent ofabout
£10,000,000 or £11, 000,000 sterling,which is the amount of income
derived from British investments iu Australia ; but as the state

Governments are constantly adding something to their indebtedness
and capital is still being sent to Australia for investment, the

excess of exports rarely equals the amount named. The principal

items of export are wool, skins, tallow, frozen mutton, chilled

beef, preserved meats, butter, and other articles of pastoral produce

—

timber, w^heat, flour, and fruits
;
gold, silver, lead, copper, tin, and

other metals. The weight of wool exported was 458,783,000 Ib,

which is less by 100,000,000 Ib than the export in some previous

years, the falHng-off being due to the effects of the dry seasons

which have prevailed throughout Australia for nearly five years.

Railways.—Almost the whole of the railway lines in Australia

are the property of the state Governments, and have been con-

structed and equipped wholly by borrowed capital. There were

on the 30th June 1900, 12,448 miles open for traffic, upon which
£118,483,048 had been expended. The railways are of differ-

ent gauges, the standard narrow gauge of 4 feet 8J inches

prevailing only in New South W^es ; in Victoria the gauge

is 5 feet 3 inches
;

in South Australia 5 feet 3 inches and 3

feet 6 inches, and in the other states 3 feet 6 inches. Taking
! the year 1900, the gross earnings amounted to £10,094,431, the

working expenses, exclusive ol interest, £6,164,402, and the

net earnings £3,930,029 ; the latter figure represents 3*3 per

cent, upon the capital expended upon construction and equipment.

In two of the states, New South Wales and South Australia

proper, the railways yield more than the interest paid by the

Government on the money borrowed for their construction; in

Victoria the return is equal to 2*8 per cent,, in Queensland 2*7,

New South Wales 3*6, west Australia 5*8, and South Australia

proper 3*9 per cent., but in the Northern Territory of the latter

colony the working expenses have exceeded the gross earnings ever

since the railways were constructed. The earmngs per tram mile

vary greatly
;
but for all the lines the average is six shillmgs, and

the working expenses about three shillings and sixpence, making
the net earnings two shillings and sixpence per train mile. The
ratio of receipts from coaching traffic to total receipts is about 40

per cent.
,
which is somewhat less than in the United Kingdom ;

but

the proportion varies neatly amongst the states themselves, the

more densely-populated states approaching most nearly to the

British standard. The tonnage of goods carried amounts to

about 13,091,000 tons, or over 3*7 tons per inhabitant, which

must be considered fairly large, especially as no great pro-
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portion of the tonnage consists of minerals on which there is

usually a low freightage. Excluding coal hues and other lines

not open to general iJaffic, the len^h of railways in private
hands is only 382 miles, or about 3 per cent, of the total mileage
open. Of this length, 277 miles are in West Australia. The
divergence of policy of that state from that pursued by the other
states was caused by the inability of the Government to con-
struct lines, when the extension of the railway system was urgently
needed in the inteiests of settlement. Private enterprise was
therefore encouraged by liberal giants of land to undertake the
work of construction

; but the changed conditions of the state
have_now altered the state policy, and the Government have already
acquired one of the two trunk lines constructed by private enter-

prise, and it is not likely that any further concessions in regard to
railway construction will be granted to private persons.

Posts and TelegrapTis,— The postal and telegraphic facilities

offered by the various states are very considerable. There are
some 5800 post offices supported by the different Governments, or
about one office to every 600 persons. The letters earned amount
to about 54 per head, the newspapers to 27 per head, and the
packets to 10 per head. The length of telegraph lines in use is

42,200 miles, and the length of wire about 2J times that distance.

In 1899 there were about 7,745,000 telegraphic messages sent,

which gives an average of two messages per inhabitant. The postal

services and the telegraphs are administered by the Federal Govern-
ment.
Banking.—Depositors in Savings Banks number about one-fourth

of the whole population. In June 1900 the sum deposited was
£27,111,360 to the credit of 851,000 persons. In the ordinary

banks the amount on deposit was £86,959,208, of which
£50,562,108 bore interest. In 1871 the deposits in the Savings
Banks amounted to £3,003,393 ;

in 1881, £7,524,186 ;
in 1891,

£14,982,175 ; and in 1899, £27,111,360.

Eecent Histoey,

The history of Australia since 1873 is mainly comprised

in its industrial progress, for, -with the exception of the

advent of the Labour party and the Federation Government,

there have been no occurrences of such political import-

ance as to call for special mention. The four eastern

states had the pri^ege of responsible government
bestowed on them at various dates between 1855 and
1860. After the establishment of responsible government

the main questions at issue were the secular as opposed

to the religious system of public instruction, protection as

opposed to a revenue tariff, vote by ballot, manhood
suffrage, abolition of transportation and assignment of

convicts, and free selection of lands before survey
;
these,

and indeed all the great questions upon which the country

was divided, were settled before the year 1873, With
the disposal of these important problems, politics in

Australia became a struggle for office between men whose
political principles were very much alike, and the tenure

of power enjoyed by the various Governments did not

depend upon the principles of administration so much as

upon the personal fitness of the head of the ministry, and
the acceptability of his ministry to the members of the

more popular branch of the legislature. For the most
part, therefore, the history of the colonies is a catalogue

of their domestic events, such a thing as a foreign policy

being quite unknown. The leading politicians of all the

states have felt the cramping effects of mere domestic

legislation, albeit on the proper direction of such legislation

depends the well-being of the people, and to this sense of

the limitations of local politics is due, as much as to any-

thing else, the movement towards federation, now happily

consummated.
Taking the states as a whole, agrarian legislation has

been the most important subject that has engrossed the

attention of their parliaments, and every state

has been more or less engaged in tinkering with
e sa on,

laws. The main object of all such

legislation is to secure the residence of the owners on the

land. The object of settlers, however, in a great many,
perhaps in the majority of instances, is to dispose of their

holdings as soon as possible after the requirements of the

law have been complied with, and to avoid permanent
settlement. This has greatly facilitated the formation of

large estates devoted chiefly to grazing purposes, contrary

to the policy of the legislature, which has everywhere

sought to encourage tillage, or tillage joined to stock

rearing, and to discourage large holdings. The importance

of the land question is so great that it is hardly an
exaggeration to say that it is usual for every parliament

of Australia to have before it a proposal to alter or amend
its land laws. Since 1870 there have been four radical

changes made in New South Wales. In Victoria the law
has been altered five times, and in Queensland and South
Australia six times. Apart from the settlement of agrarian

questions, recent Australian politics have concerned them-
selves with the prevention or regulation of the influx of

coloured races, the prevention or settlement of labour dis-

putes, and federation. The agitation against the influx

of Chinese commenced very soon after the gold discoveries,

the European miners objecting strongly to the presence of

these aliens upon the diggings. The allegations made
concerning the Chinese really amounted to a charge of

undue industry. The Chinese were hard-working and had
the usual fortune attending those who work hard. They
spent little on drink or with the storekeepers,

and were, therefore, by no means popular. As
early as 1860 there had been disturbances of a

^ '

serious character, and the Chinese were chased off the

goldfields of New South Wales, serious riots occurring at

Lambing Flat, on the Burrangong goldfield. The Chinese

difficulty, so far as the mining population was concerned,

was solved by the exhaustion of the extensive alluvial

deposits
;
the miners’ prejudice against the race, however,

still exists, though they are no longer serious competitors,

and the laws of some of the states forbid any Chinese

to engage in mining without the express authority in

writing of the Minister of Mines. The nearness of

China to Australia has always appeared to the Australian

democracy as a menace to the integrity of the white

settlements; and at the many conferences of representa-

tives from the various states, called to discuss matters

of general concern, the Chinese question has always held

a prominent place, but the absence of any federal

authority has made common action difficult. In 1888
the last important conference on the Chinese question was
held in Sydney and attended by delegates from all the

states. Previously to the meeting of the conference there

had been a great deal of discussion in regard to the influx

of Chinese, and such influx was on aU sides agreed to be
a growing danger. The conference, therefore, merely

expressed the public sentiment when it resolved that,

although it was not advisable to prohibit altogether this

class of immigration, it was necessary in the public

interests that the number of Chinese privileged to land

should be so limited as to prevent the people of that race

from ever becoming an important element in the com-

munity. The New South Wales parliament was considering

a Chinese Exclusion Bill when the conference of 1888 was
summoned, and ultimately passed a law which in some
respects went much beyond the agreement arrived at.

Under the New South Wales law masters of vessels are for-

bidden, under a heavy penalty, to bring to the colony more
than one Chinese to every 300 tons, and a poll-tax of ^£100

is charged on every Chinese landing. In Victoria, Queens-

land, and South Australia no poll-tax is imposed, but

masters of vessels may bring only one Chinese to every

500 tons burden. West Australian legislation was until

recently similar to that of the three last-named states,

but has now been superseded by the Coloured Immigrants

Eestriction Act, Tasmania allows one Chinese passenger

to every 100 tons, and imposes a poll-tax of £10. These
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stringent regulations Iiave had the effect of greatly re-

stricting the influx of Chinese, but in spite of all pre-

cautions there is stiU some immigration. The only other

alien race present in large numbers in Australia are the

Polynesians in Queensland, where they number about

9000. Of late years there has been an influx of Hindoos

and other Eastern races, sufficiently large to cause a feeling

of uneasiness amongst the colonists
;
and in some of the

states the evil has been dealt with by parliament, and

restrictive legislation has been passed which meted out to

these immigrants somewhat similar treatment to that

accorded to the Chinese, But a very large proportion of

the Asiatics, whose entrance into the colonies it was

desired to stop, were British subjects, and the Imperial

Government refused to sanction any measure directly pro-

hibiting in plain terms the movement of British subjects

from one part of the empire to another. Eventually, the

difficulty was overcome by the application of an educational

test to the coloured races seeking admission to the states,

whereby they are required to write out in some European

language an application for permission to enter the colony

in which they propose to reside. This provision is taken

from an Act in operation in ISTatal, which is said to

have been effectual in preventing an undue influx of

Asiatics. An Act applying the educational test has been

in force in West Australia since the beginning of 1898;
more recently a similar Act was passed in New South

Wales, while the other states have analogous legislation in

operation. The agitation which this restrictive legislation

caused was promoted and kept alive almost entirely by
the trades unions, and was the first legislative triumph

of the Labour party, albeit that party was not at the time

directly represented in parliament.

The Labour movement in Australia may be traced back

to the early days when transportation was in vogue, and
the free immigrant and the time-expired convict

mo^smeat
competition of the bond

labourer. The great object of these early

struggles being attained, Labour directed its attention

mainly to securing shorter hours. It was aided very

materially by the dearth of workers consequent on the gold

discoveries, when every man could command his own
price. When the excitement consequent on the gold finds

had subsided, there was a considerable reaction against

the claims of Labour, and this was greatly helped by the

congested state of the labour market
;
but the principle of

an eight-hours day made progress, and was conceded in

several trades. In the early years of the ’seventies the

colonies entered upon an era of well-being, and for about
twelve years every man, willing to work and capable of

exerting himself, readily found employment. The Labour
unions were able to secure in these years many concessions

both as to hours and wages. In 1873 there was an
important rise in wages, in the following year there was a
further advance, and another in 1876 ;

but in 1877 wages
fell back a little, though not below the rate of 1874, La
1882 there was a very important advance in wages;
carpenters received 11s. a day, bricklayers 12s. 6d., stone-

masons 11s. 6d., plasterers 12s., painters 11s., black-

smiths 10s., and navvies and gener^ labourers 8s., and
work was very plentiful For five years these high wages
ruled

;
but in 1886 there was a sharp fall, though wages

still remained very good. In 1888 there was an advance,

and again in 1889. In 1890 matters were on the eve of

a great change and wages feU, in most cases to a point 20
pet cent, below the rates of 1885. In 1893 came the
bank crisis and great restriction in trade. Almost the

j^fiBeot of this restriction was a reduction in wages,

touched their lowest m 1895, and fell to a point

ot any year shxoe 1850^ Since th^n. there has

[history

been a marked recovery, and wages stood in 1900 at
about the same level as in 1873. During the whole
period from 1873 onwards, prices, other than of labour,
have been steadily tending downwards, so that the cost of
living in 1900 was much below that of 1873. Taking
everything into consideration the reduction was, perhaps,
not less than 40 per cent., so that though the nominal or
money wages in 1873 and 1900 were the same, the actual

wages were much higher in the latter year. Much of the
improvement in the lot of the wage-earners has been due
to the Labour organizations, yet so late as 1881 these

organizations were of so little account, politically, that
when the law relating to trades unions was passed in New
South Wales, the English law was followed, and it was
simply enacted that the purposes of any trades union
shall not be deemed unlawful (so as to render a member
liable to criminal prosecution for conspiracy or otherwise)

merely by reason that they are in restraint of trade.

After the year 1884 Labour troubles became very frequent,

the New South Wales coal miners in particular being at

war with the colliery owners during the greater part of

the six years intervening between then and what is, called

the Great Strike. The strong downward tendency of

prices made a reduction of wages imperative; but the

labouring classes failed to recognize any such necessity,

and strongly resented any reductions proposed by
employers. It was hard indeed for a carter drawing coal

to a gasworks to recognize the necessity which compelled

a reduction in his wages because wool had fallen 20 per

cent. Nor were other labourers, more nearly connected

with the producing interests, satisfied with a reduction of

wages because produce had fallen in price aU round. Tip

to 1889 wages held their ground, although work had
become more difficult to obtain, and some
industries were being carried on without any
profit. It was at such an inopportune time

°

that the most extensive combination of Labour
yet brought into action against capital formulated its

demands. It is possible that the London dockers’ strike

was not without its influence on the minds of the

Australian Labour leaders. That strike had been liberally

helped by the Australian unions, and it was confidently

predicted that, as the Australian workers were more

effectively organized than the English unions, a corre-

sponding success would result from their course of action.

A strike of the Newcastle miners, after lasting twenty-nine

weeks, came to an end in January 1890, and throughout the

rest of the year there was great unrest in Labour circles.

On 6th September the silver mines closed down, and a

week later a conference of employers issued a manifesto

which was met next day by a counter-manifesto of the

Intercolonial Labour Conference, and almost immediately

afterwards by the calling out of 40,000 men. The time

chosen for the strike was the height of the wool season,

when a cessation of work would be attended with the

maximum of inconvenience. Sydney was the centre of

the disturbance, and the city was in a state of industrial

siege, feeling running to dangerous extremes. Eiotous

scenes occurred both in Sydney and on the coal-fields, and

a large number of special constables were sworn in by the

Government. Towards the end of October 20,000

shearers were called out, and many other trades,

principally concerned with the handling or shipping

of wool, joined the ranks of the strikers, with the result

that the maritime and pastoral industries throughout

the whole of Australia were most injuriously disturbed.

The Great Strike, as it was called, terminated early in

November 1890, the employers gaining a decisive victory.

The colonies were, however, to have other and bitter

esq>eriences of strikes before Labour recognized that of

AUSTRALIA
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Political

conse-
quences.

Mr

all means for settling industrial disputes strikes are, on
the whole, the most disastrous that it can adopt.

The strikes of the years 1890 and 1892 are just as

important on account of their political consequences as

from the direct gains or losses involved.

As one result of the strike of 1890 a movement was set

afoot by a number of enthusiasts, more visionary than
practical, that has resulted in a measure of more
or less disaster. This was the planting of a
colony of communistic Australians in South
America. After much negotiation the leader,

William Lane, a Brisbane journalist, decided on
Paraguay, and he tramped across the continent, preaching
a new crusade, and gathering in funds and recruits in his

progress. On the 16th of July 1893 the first little army
of “New Australians” left Sydney in the Royal Tar^

which arrived at Monte Yideo on the 31st of August.
Other consignments of intending settlers in “ New
Australia ” followed

\
but though the settlement is stiU in

existence it has completely failed to realize the impracti-

cable ideals of its original members. The Queensland
Government has assisted some of the disillusioned to

escape from the paradise which has proved a prison ; some
managed to get away on their own account ; and those

that have remained have split into as many settlements

almost as there are settlers. Another effect of the Great
Strike was in a more practical direction. New South
Wales was the first country which endeavoured to settle

its labour grievances through the ballot-box and to send a

great party to parliament as the direct representation of

Labour, pledged to obtain through legislation what it was
unable to obtain by strikes and physical force. The
principle of one-man one -vote had been persistently

advocated without arousing any special parliamentary or

public enthusiasm until the meeting of the Federal Con-
vention in 1891. The convention was attended by Sir

George Grey, who was publicly welcomed to the colony

by New Zealanders resident in Sydney, and by other

admirers, and his reception was an absolute ovation. He
eloquently and persistently advocated the principle of

one-man one-vote as the bed-rock of all democratic

reform. This subsequently formed the first plank of the

Labour platform. Several attempts had been made by
individuals belonging to the Labour party to

enter the New South Wales parliament, but

it was not until 1891 that the occurrence

of a general election gave the party the

looked-for opportunity for concerted action. The re-

sults of the election came as a complete surprise to

the majority of the community. The Labour party

captured 35 seats out of a House of 125 members
;
and as

the old parties almost equally divided the remaining seats,

and a fusion was impossible, the Labour representatives

dominated the situation. It was not long, however, before

the party itself became divided on the fiscal question
;
and

a Protectionist Government coming into power, about half

the Labour members gave it consistent support and enabled

it to maintain office for about three years, the party as a

political unit being thus destroyed. The events of these

three years taught the Labour leaders that a parliament-

ary party was of little practical infiuence unless it was
able to cast on all important occasions a solid vote, and to

meet the case a new method was devised. The party

therefore determined that they would refuse to support

any person standing in the Labour interests who refused to

pledge himself to vote on aU occasions in such way as the

majority of the party might decide to be expedient.

This was called the “ solidarity pledge,” and, united under

its sanction, what was left of the Labour party contested

the general election of 1894. The result was a defeat,

New
South
Wales.

their numbers being reduced from 35 to 19 ; but a signal

triumph was won for solidarity. Very few of the mem-
bers who refused to take the pledge were returned, and
the adherents of the united party were able to accomplish

more with their reduced number than under the old

conditions.

The two features of the Labour party in New South Wales aie

its detachment fiom other parties and the control of the caucus.

The caucus, which is the natural corollary of the detachment,
determines by majority the vote of the whole of the members of

the party, independence of action being allowed on tumor questions

only. So far the paity has lefrained from formal alliance wdth the

other gieat parties of the state. It supports the Government as

the power alone capable of promoting legislation, but its support
is given only so long as the measures of the Government are

consistent with the Labour policy. This position the Laboni party
has been able to maintain with great success, owing to the circum-
stance that the other parties have been almost equally balanced.

The movement towards forming a parliamentary Labour
party was not confined to New South Wales; on the

contrary, it was common to all the colonies

except West Australia, and its greatest
colonies,

triumphs have been achieved in New Zealand

and South Australia. Like the organization in New
South Wales, the Labour party of South Australia owes
its origin to the failure of the Great Strike of 1890. In

that year the Trades and Labour Council of Adelaide

summoned a conference of Labour representatives, at which

a proposal for the formation of a parliamentary party was
drawn up and adopted. The political programme of the

new party was comprehensive and popular, and almost

immediately on its adoption three representatives of Labour
won seats in the Second Chamber (Legislative Council),

and at the ensuing general election of 1893 the party

secured 8 seats in the assembly out of a total of 54,

and 6 out of 24 iu the council, thereby gaining a con-

trolling vote in both Houses. Two general elections have

since taken place, and at each the party has maintained

its position. In 1900 it controlled 12 votes in the popular

House and 8 in the council- The members of the South
Australian Labour party differ in one important respect

from those of New South Wales. They are all persons

who have worked for their living at manual labour, and
this qualification of being an actual worker is one that

was strongly insisted upon at the formation of the party

and strictly adhered to, although the temptation to break

away from it and to accept as candidates persons of

superior education and position has been very great. The
South Australian Labour party has maintained the unity

of its ranks, notwithstanding the fact that several of its

members hold very diverse views on important questions

of political reform, and it recently showed its power by
displacing the Government of the Eight Honourable C.

C. Kingston, and almost immediately afterwards ousting

that of Mr V. L. Solomon, who succeeded Mr Kingstou iu

the premiership. In Victoria the Labour party has not

been so conspicuous as in New South Wales and South

I

Australia. The members of the Victorian Assembly are

not divided into such distinct parties as are the members
of the popular houses of the other colonies, and the Labour
party has therefore not been able to determine the real

balance of power. Nevertheless it wields an infiuence that

is very much respected, as is evidenced by the large amount
of advanced democratic legislation which has been proposed

by the various governments that have held office since

1890, even by governments with strong Conservative

leanings. In Queensland the Labour party numbered, in

1900, 21 out of 72 members in the elective branch of

parliament, a larger proportion than in any other state

;

but only for a brief period have parties been so evenly

divided as to give the Labour party the balance of power.
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The brief period mentioned was towards the close of 1899, when
dissatisfaction had spread amongst the supporters of the Govern-

ment of Mr Dickson. That Government was displaced on a

motion moved by the leader of the Labour party, Mr Dawson,
supported by the Opposition and by a number of members usually

voting with the Government. Mr Dawson was called on to form

a government. He did so, and his ministry held office for only

two days, giving place to a government including all the leading

members of the previous administration, as well as the leader of

the former Opposition.

Australian Federatim,— The question of federation

was not lost sight of by the framers of the original

constitution which was bestowed upon New South Wales.

In the report of the committee of the Legislative Council

appointed in 1852 to prepare a constitution for that

colony, the following passage occurs :
—“ One of the most

prominent legislative measures required by the colony,

and the colonies of the Australian group generally, is the

establishment at once of a General Assembly, to make
laws in relation to those intercolonial questions that have

arisen or may hereafter arise among them. The questions

which would claim the exercise of such a jurisdiction

appear to be (1) intercolonial tariffs and the coasting

trade
; (2) railways, roads, canals, and other such works

running through any two of the colonies; (3) beacons

and lighthouses on the coast; (4) intercolonial gold

regulations; (5) postage between the said colonies; (6)

a general court of appeal from the courts of such colonies

;

(7) a power to legislate on all other subjects which may
be submitted to them by addresses from the legislative

councils and assemblies of the colonies, and to appropriate

to any of the above-mentioned objects the necessary sums

of money, to be raised by a percentage on the revenues

of all the colonies interested.” This wise recommendation

received very scant attention, and it was not until the

necessities of the colonies forced them to it that an
attempt was made to do what the framers of the original

constitution suggested. Federation at no time actually

History of dropped out of sight, but it was not until

federation thirty-five years later that any practical steps

move' were taken towards its accomplishment. Mean-
ment, while a sort of makeshift was devised, and the

Imperial Parliament passed a measure permitting the

formation of a Federal Council, to which any colony that

felt inclined to join could send delegates. Of the seven

coloifies New South Wales and New Zealand stood aloof

from the council, and from the beginning it was therefore

shorn of a large share of the prestige that would have
attached to a body speaking and actiag on behalE of a
united Australia. The council had also a fatal defect in

its constitution. It was merely a deliberative body,

having no executive functions and possessing no control

of funds or other means to put its legislation in force.

Its existence was weU-nigh forgotten by the people of

Australia until the occurrence of its biennial meetings,

and even then but slight interest was taken in its pro-

ceedings. The council held eight meetings, at which
many matters of intercolonial interest were discussed.

The last occasion of its being called together was in

1899, when the council met in Melbourne. In 1889
an important step towards federation was taken by Sir

Henry Parkes. The occasion was the report of Major-
General Edwards on the defences of Australia, and Sir

Henry addressed the other premiers on the desirability of

a federal union for purposes of defence. The immediate
result was a conference at Parliament House, Melbourne,
of representatives from each of the seven colonies. This
conference adopted an address to the Queen expressing its

loyally and attachment, and submitting certain resolutions

widdi affirmed the desirability of an early union, under
fhie Crowp, of tlie Australasian colonies, on principles just

to all, and provided that the remoter Australasian colonies

should be entitled to admission upon terms to be after-

wards agreed upon, and that steps should be taken for

the appointment of delegates to a national Australasian
convention, to consider and report upon an adequate
scheme for a federal convention. In accordance with the
understanding arrived at, the various Australasian parlia-

ments appointed delegates to attend a national convention
to be held in Sydney, and on the 2nd March 1891 the
convention held its first meeting. Sir Henry Parkes was
elected president, and he moved a series of resolutions

embodying the principles necessary to establish, on an
enduring foundation, the structure of a federal govern-

ment. These resolutions were slightly altered by the

conference, and were adopted in the following form :

—

1. The powers and rights of existing colonies to remain intact,

except as regards such powers as it may be necessary to hand over
to the Federal Government.

2. No alteration to be made in states without the consent of the
legislatures of such states, as well as of the federal parliament.

3. Trade between the federated colonies to be absolutely free.

4. Power to impose customs and excise duties to be in the
Federal Government and parliament.

5. Military and naval defence forces to be under one command.
6. The federal constitution to make provision to enable each

state to make amendments in the constitution if necessary for the
purposes of federation.

Other formal resolutions were also agreed to, and on the

31st of March Sir Samuel Griffith, as chairman of the com-
mittee on constitutional machinery, brought up a draft

Constitution Bill, which was carefully considered by the

convention in committee of the whole and adopted on the

9th of April, when the convention was formally dissolved.

The Bill, however, fell absolutely dead. Not because

it was not a good Bill, but because the movement out of

which it arose had not popular initiative, and therefore

failed to reach the popular imagination. Even its authors

recognized the apathy of the people, and parliamentary

sanction to its provisions was not sought in any colony.

Although the Bill drawn up by the convention of 1891
was not received by the people with any show of interest,

the federation movement did not die out
;
on the contrary,

it had many enthusiastic advocates, especially in the colony

of Yictoria. In 1894 an unofficial convention was held at

Corowa, at which the cause of federation was strenuously

advocated, but it was not until 1895 that the movement
obtained new life, by reason of the proposals adopted at a

meeting of Premiers convened by Mr G. H, Eeid of New
South Wales. At this meeting aU the colonies except New
Zealand were represented, and it was agreed that the

parliament of each colony should be asked to pass a Bill

enabling the people to choose ten persons to represent

the colony on a federal convention; the work of such

convention being the framing of a federal constitution to

be submitted to the people for approval by means of the

referendum. During the year 1896 Enabling Acts were

passed by New South Wales, Victoria, Tasmania, South
‘ Australia, and West Australia, and delegates were

elected by popular vote in all the colonies named except

West Australia, where the delegates were chosen by par-

liament. The convention met in Adelaide on the 22nd of

March 1897, and, after drafting a Bill for the consideration

of the various parliaments, adjourned until the 2nd
September. On that date the delegates reassembled in

Sydney, and debated the Bill in the light of the suggestions

made by the legislatures of the federating colonies. In

the course of the proceedings it was announced that

Queensland desired to come within the proposed union

;

and in view of this development, and in order to give

further opportunity for the consideration of the BUI, the

convention again adjourned. The third and final session
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was opened in Melbourne on the 20th of January 1898, but I

Queensland was still unrepresented; and, after farther I

consideration, the draft Bill was finally adopted on the
16th of March and remitted to the various colonies for

submission to the people.

In its main provisions the bill of 1898 followed generally that of
ISQlj yet with some very important alterations. It proposed to

establish, under the Crown, a federal union of the
Bill of Australasian colonies, to be designated the Common-
1898^ wealth of Australia. A federal executive council was

created, to be presided over by a governor - general
appointed by the Soveieign. The legislature was to consist of two
houses—a Senate, in which each colony joining the federation
at its inception was conceded the equal representation of six
members

; and a House of Representatives, to consist of, as nearly
as possible, twice the number of senators, to which the pro-
vinces were to send members in proportion to population, with a
minimum of five representatives for each of the original federating
states. The principle of payment of members was adopted for
the Senate as well as the House of Representatives. The nominative
principle for the upper house was rejected, both houses being
elective, on a suSrage similar to that existing in each colony for

the popular chamber at the foundation of the Commonwealth.
The House of Representatives was to be elected for a period of three
years, the term of office of senators was twice that peiiod, but
half the Senate was to retire every three years. The capital of the
Commonwealth w^as to be established in federal territory. To the
federal authority was assigned power to deal with a large number
of matters, with the provision that in case of conflict between
federal and state law the former should prevail. Customs and
excise were to be taken over on the establishment of the Common-
wealth, and posts and telegraphs, naval and military defence,

lighthouses and lightships, beacons and buoys, and quarantine,
on dates to be proclaimed, but without further legiiation. A
uniform tariff of customs and excise was to be imposed within a

E
eriod of two years, intercolonial trade then becoming absolutely
:ee. Besides these were many subsidiary provisions usually

found in federal constitutions, and provisions of a special character
such as were needed to meet the peculiar conditions of the
Australian states.

The constitution was accepted by Victoria, South
Australia, and Tasmania by popular acclamation, but in

New South Wales very great opposition was shown, the

main points of objection being the financial provisions,

equal representation in the Senate, and the difficulty in

the way of the larger states securing an amendment of

the constitution in the event of a conflict with the smaller

states. As far as the other colonies were concerned, it

was evident that the Bill was safe, and public attention

throughout Australia was fixed on New South Wales,

where a fierce political contest was raging, which it was
recognized would decide the fate of the measure for the

time being. The fear was as to whether the statutory

number of 80,000 votes necessary for the acceptance of

the Bill would be reached. This fear proved to be well

founded, for the result of the referendum in New South
Wales showed 71,595 votes in favour of the Bill and
66,228 against it, and it was accordingly lost. In Victoria,

Tasmania, and South Australia, on the other hand, the

Bill was accepted by triumphant majorities. West
Australia did not put it to the vote, as the Enabling Act
of that colony only provided for joining a federation of

which New South Wales should form a part. The
existence of such a strong opposition to the Bill in the

mother colony convinced even its most zealous advocates

that some changes would have to be made in the con-

stitution before it could be accepted by the people;

consequently, although the general election in New South
Wales, held six or seven weeks later, was fought on the

federal issue, yet the opposing parties seemed to occupy

somewhat the same ground, and the question narrowed
itself down to one as towhich partyshould be entrusted with

the negotiations to be conducted on behalf of the colony,

with a view to securing a modification of the objectionable

features of the Bill. The new parliament decided to

adopt the procedure of again sending the Premier, Mr

Reid, into conference, armed with a series of resolutions

affirming its desire to bring about the completion of

federal union, but asking the other colonies to agree to

the reconsideration of the provisions which were most
generally objected to in New South Wales. The other

colonies interested were anxious to bring the matter to a

speedy termination, and readily agreed to this course of

procedure. Accordingly a Premiers^ conference

was held in Melbourne at the end of January

1899, at which Queensland was for the first

time represented. At this conference a com-
promise was effected, something was conceded to the

claims of New South Wales, but the main principles of

the Bill remained intact. The Bill as amended was sub-

mitted to the electors of each colony and again triumph-

antly carried in Victoria, South Australia, and Tasmania.
In New South Wales and Queensland there were still a

large number of persons opposed to the measure, which
was nevertheless carried in both colonies. New South
Wales having decided in favour of federation, the way
was clear for a decision on the part of West Australia.

The Enabling Bill passed the various stages in the

parliament of that colony, and the question was then

submitted by way of referendum to the electors. The
result of the voting (in five colonies in 1899, and in West
Australia in 1900), was as follows :

—

New South Wales

Victoria

Queensland .

South Australia .

West Australia (1900) ,

Tasmania

for .

1899.

. 107,420
against . . 82,741
for . . 152,653
against . 9,804
for . . 36,181
against . . 28,965
for . . 66,990
against . . 17,053
for . . 44,704
against . . 19,691
for . . 13,437
against . 791

In accordance with this verdict, the colonial draft Bill

was submitted to the Imperial Government for legislation

as an Imperial Act
;
and six delegates were sent to England

to explain the measure and to phot it through the Cabinet
and Parliament. These delegates were—Mr Barton (New
South Wales), Mr Deakin (Victoria), Mr Kingston (South
Australia), Mr Dickson (Queensland), Mr Parker (West
Australia), and Sir Philip Fysh (Tasmania).

Under an Act of the British Parliament, dated 9th July
1900, passed under the auspices of Mr Chamberlain,
Secretary of State for the colonies, a proclamation was
issued, l7th September of the same year, declaring that,

on and after 1st January 1901, the people of New South
Wales, Victoria, South Australia, Queensland,

Tasmania, and West Australia should be
united in a Federal Commonwealth under the 1900.

name of the Commonwealth of Australia. The
Act which gave authority for the issue of this proclama-

tion embodied and established (with such variations as
had been accepted on behalf of the colonies) the constitu-

tion agreed to at the Premiers^ conference of 1899. It was
cordially welcomed in the mother country, and though its

passage was marked by certain difficulties, finally became
law amid signs of general approval. The difficulties

arose with regard to the right of appeal to the Queen in

Council. By clause 74 of the original Bill this right was
very seriously curtailed ; Mr Chamberlain wished to pre-

serve it as in the case of Canada, while, in order to dis-

arm colonial opposition, he suggested that the judicial

committee of the Privy Council should be strengthened

by the appointment of four colonial members with the

rank of lords of appeal. But after privately conferring

with the Australian delegates he withdrew this suggestion,,
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and when the second reading of the Bill came on he

announced that a compromise had been agreed upon.

The final form of the disputed clause provided that in

cases which involved non-Australian interests the right

of appeal should be fully maintained, and that in questions

between the Commonwealth and a single state, or between

two states, leave to appeal might be given by the High

Court of Australia. Mr Chamberlain indicated that this

matter might receive further development at a future

time, and that it was possible that after consulting

with the colonies the Government might propose the

establishment of a permanent court of appeal for the

whole empire. Soon after the passage of the Bill the

choice of governor-general of the new Commonwealth fell

upon Lord Hopetoun, who had won golden opinions as

governor of Victoria a few years before ;
Mr Barton, who

had taken the lead among the Australian delegates, be-

came first Prime Minister; and the Commonwealth was

successfully inaugurated at the opening of 190L

The six colonies entering the Commonwealth were denominated

original states, and new states might he admitted, or might be

formed by separation from or union of two or more states or parts

of states
;
and territories (as distinguished from states) might be

taken over and governed under.the legislative power of the Common-
wealth. The legislative power is vested in a federal parliament,

Provisions co^isisting of the Sovereign, a senate, and a house of

of the Act. Tepresentatives, the Sovereign being represented by a
governor-general. The Senate was to consist of the

same number of members (not less than six) for each state, the term
of service being six years, but subject to an arrangement that

half the number would retire every three years.
^

The House of

Representatives was to consist of members chosen in the different

states in numbers proportioned to their population, but never fewer

than five. The first House of Representatives was to containseventy-

five members. For elections to the Senate the governors of states,

and for general electionsof the House of Representatives thegovernor-

general, would cause writs to he issued. The Senate would choose

its own President, and the House of Representatives its Speaker

;

«ach house would make its own rules of procedure ; in each, one-

third of the number of members would form a quorum
;
the mem-

bers of each must take oath, or make affirmation of allegiance

;

and all alike would receive au allowance of £400 a year. The
legislative powers of the parliament have a wide range, many
matters being transferred to it from the colonial parliaments. The
more important subjects with which it deals are trade, shipping,

and railways
;
taxation, bounties, the borrowing of money on the

credit of the Commonwealth
;
the postal and telegraphic services

;

defence, census, and statistics ;
currency, coinage, banking, bank-

ruptcy ; weights and measures
;

copyright, patents, and trade

marks ; marriage and divorce ; immigration and emigration
;
con-

ciliation and arbitration in industrial disputes. Bills imposing
taxation or appropriating revenue must not originate in the Senate,

and neither taxation Bills nor Bills appropriating revenue for the
annual service of the Government may be amended in the Senate,

but the Senatemay return such Bills to the House ofRepresentatives

with a request for their amendment. Appropriation laws must not
deal with other matters. Taxation laws must deal with only one
subject of taxation

;
but customs and excise duties may, respec-

tively, be dealt with together. Votes for the appropriation of the
revenue shall not pass unless recommended by the governor-

general, The constitution provides means for the settlement of

disputes between the houses, and requires the assent of the Sovereign

to all laws. The executive power is vested in the governor-general,

assisted by an executive council appointed by mmself. He has
command of the army and navy, and appoints federal ministers

and judges. The ministers are members of the executive council,

and must be, or within three mouths of their appointment must
become, members ofthe parliament. The judicial powers are vested

in a high court and other federal courts, and the federal judges
hold office for life or during good behaviour. The High Court has
appellate jurisdiction in cases from other federal courts and from
the supreme courts of the states, and it has original jurisdiction in

matters arising under laws made by the federal parliament, inaicB between states, or residents in different states, and in

ra Meeting the representatives of foreign powers. Special

provisions were made respecting appeals from the High Couit to
the Sovereign in council. The constitution set forth elaborate
arrangements for the administration of finance and trade durintr
the transition period following the transference of departments to
the Commonwealth. Within two years uniform customs duties
were to be imposed ; thereafter the parliament of the Common-
wealth had exclusive power to impose customs and excise duties
or to grant bounties ; and trade within the Commonwealth was to
he absolutely free. Exceptions were made permitting the states to
grant bounties on mining and (with the consent of the parliament)
on exports of produce or manufactures—West Australia being for a
time partiallyexempted from the prohibition to impose import duties.
The constitution, parliament, and laws of each state, subject to

the federal constitution, retained their authority
; state rio-hts were

carefully safeguarded, and an inter-state commission ivas given
powers of adjudication and of administration of the laws relatincr
to trade, transport, and other matters. Provision was made for
necessary alteration of the constitution of the Commonwealth, but
so that no alteration could be effected unless the question had been
dii-ectly submitted to, and the change accepted by the electorate in
the states. The seat of government was to be within New South
Wales, not less than 100 miles distant from Sydney, and of an
area not less than 100 square miles. Until other provision \7as
made, the governor-general was to have a salary of £10,000, paid by
the Commonwealth. Respecting the salaries of the governors of
states, the constitution made no provision.

Authorities.—Por Physical Geography : Barton. Australian
Physiography, Brisbane, 1896.

—

Wall. Physical Geography of
Australia. Melbourne, 1883.—Taylor. Geography ofNew South
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—

^Aoassiz. Visit to the Barrier Beef.
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—
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Hedley. “Sur-
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Wales. Sydney, 1883.—OaiLVY. Catalogue of Australian
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—
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—
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For Aborigines : Wallace. Australasia, 1898.

—
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Lumholtz. Among Cannibals.
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—

Matthew. Englehawk mid Crow. London,
1899.

—

Spencer and Gillen. Native Tribes of Central Australia.

London, 1899.

—

^Howitt. Australian Association address, 1893.

Sydney, 1894.—CuRR, E. M. The Australian Bace: its Origin,

Languages, Customs, ic., 4 vols. Melbourne, 1886-87.

—

Fison,

Lorimer, and Howitt, A. W. Kamilarroi and Kurnai, Group,

Marriage, and Belationship, &c., 8vo. Melbourne, 1880. For
Statistics and Miscellanea: Coghlan, T. A. A Statistical

Account of the Seven Colonies ofAustralasia, 8vo. Sydney, 1898.

—

CoLLiNGRiDGE, G. The Discovery of Aust/ralia. Sydney, 1895.

—

Epps, W. The Land Systems of Australia, 8vo. London, 1894.—^Faveno, Ernest. The History of Australasian Exploration,

royal 8vo. Sydney, 1885.

—

Garran, *R. R. The Coming Common-
wealth; a Hemdbook of Federal Government Sydney, 1897.

—

Rusden, George William. History of Australia, 3 vols. 8vo.

London, 1883.

—

Sohmbisser, K. Goldfields of Australasia^

2 vols. London, 1899.

—

Scott, G. F. The Bomance ofAustraliam

Exploring. London, 1899.

—

^Walker, H. de R. Australasia/n

Democracy. London, 1897.

—

^Westgabth, William. Half a
Century of Australian Progress. London, 1899.

(j. M. Cm; T. A. 0.)
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BAHCROFT^ Frederic, Ph.D. ; Chief of
Bureau of Rolls and Library, U.S. Department
of State ; author of ‘Life of William H. Seward,’
etc. (F. Ba.)

BANISTER, G, H., M.I.O.E., M.I.M.E.

;

late Assistant to Superintendent of the Royal
Carriage Department, Woolwich; Whitworth
Scholar, (G. H. Ba.)

BARCLAY, Tkomas, LL.B., Ph.D. ; member
of the Institute of International Law; Vice-
President of the International Law Association

;

Examiner in Jurisprudence and International
Public and Private Law to the University of
Oxford, 1900 ; member of the Supreme Council
of the Congo Free State; Vice-President of
the Franco-Scottiah Society; President of the
British Chamber of Commerce in Paris, 1899-

1900 ; Knight of the Legion of Honour and of
the Order of Leopold ; author of ‘ Companies
in France,’ and other law books, all the articles
on International Law in the * Encyclopedia of
the Law of England,’ etc. (T. Ba.)

BARING. Tke Hon. Maiudce; Attach^
to the British Embassy, Paris, 1899; Third
Secretary to the British Embassy, Rome,
1002, (M. Ba.)

BARLOW, Major H, W. W., B.A,

;

Secretary to Chief Superintendent, Royal Ord-
nance Factories, Woolwich, (H. W. B.)

BARNES, William Emery^ D.D.; FeUow
of Peterhouse, Cambridge; Hulsean Professor
ofDivinity, Cambridge; assist, editor of ‘Journal
of Theol<^cal Studies’; Lecturer in Hebrew
at Clare CoE. Camb,, 1885-94 ; m Hebrew and
Divinity at Peterhouse, 1889-1901; author of
‘The Genuineness of Isaiah xxiv.-xxvii.,’
‘Canonical and Uncanonical Gospels, ‘The
Peshitta Text of Chronicles,’ I. 11. Chronicles,
with Introduction and Notes (Cambridge Bible).
Isaiah (Churchman’s Bible). (w. E. B.)

BARNETT, Rev. Samuel Augustus,
M.A. ; Canon of Bristol ; Founder and Warden
of Toynbee HaU, Whitechapel; President of
the Sunday Society; Chairman Whitechapel
Board of Guardians, 1894 ; Chairman of
Children’s Country Holiday Fund ; Chairman
Pupil Teachers* Scholarship Fund ; author of
‘Practicable Socialism’ with Mrs Barnett,
‘Service of God,’ (S. A B.)

BARRETT, F. N., editor of the ‘American
Grocer * (New York). (F. N. B.)

BARTLET, Rev. J. Vemon, M.A; Professor
of Church History, Mansfield College, Oxford;
author of ‘Early Church History,* ‘The Apos-
tolic Age,* etc. (J. V. B.)

BARTLEY* George Christopher Trout,
M.P.; Assistant-Director of Science Division of
Science and Art Department, London, rill 1880

;

established National Penny Bank, 1876 ; au-^or
of ‘A Square Mile in the Bast of London/
* Schools for the People,’ * Provident Knowledge
Papers/ ‘The SevenA^s of a Village Pauper,*
‘ThepaxfehNet. (G.O.T.B.)

BAR^irXCK, G. F.$ Assistant Keeper of
iPpnted,Bp^ smd Superintendent of Reading-
ipqtii, DriaiishMuseum; author of ‘International

‘The Laws Begnlaring Rinriiig

and Publishing in Spain,’ and translator of
various works of travel, etc. (G. P. B.)

BASSETT, John Spencer, Ph.D. ; Professor
of History, Trinity College, N.O. ; author of
‘ Constitutional Beginnings of North Carolina/
‘Slavery and Servitude of the Colony of North
Carolina,’ ‘Anti -Slavery Leaders of North
Carolina,’ ‘Slavery in the State of North
Carolina.’ (J. S. Ba.)

BASTABLE, C. F., M.A, LL.D. ;
Professor

of Political Economy, Dublin University,
1882; author of ‘Money’ in Ninth Edition of
‘Bncy. Brit.,’ ‘Theory of International Trade,’
‘Commerce of Nations/ ‘Public Finance,’
‘Dictionary of Political Economy/ and ‘ Econo-
mic Journal. (C. F. B.)

BATHER, Francis Arthur, M.A., D.Sc.,
F.G.S.

;
Natural History Museum, South Ken-

sington; Hon. Member Soe. Linn6enne de
Normandie ; author of * Concise Knowledge of
Natural History,’ ‘The Genera and Species
of Blastoidea,’ ‘ Bchmoderma ’ (in Lankester’s
‘Zoology’), ‘The Crmoidea of Gottland,’
etc. (P. A. B.)

BAUERMAN, H., F.G.S.; Lecturer on
Metallurgy, Ordnance College, Woolwich

;

author of ‘ Bismuth,’ ‘ Coal,’ ‘ Fuel,* ‘ Furnace/
etc., in Ninth Edition of *Ency. Brit.,’ ‘A
Treatise on the Metallurgy of Iron,’ ‘ Text-book
of Systematic Mineralogy, ’ etc. (H. B.

)

BEALBY, J. T., B.A ; sometime acting
editor of ‘ Scottish Geographical Magazine ’

;

author of ‘A Daughter of the Pen,’ and
numerous geographical magazine articles

;

joint author of * Stanford’s Compendium

:

Europe’ ; translator of Sven Hedin's ‘Through
Asia. (J. T. Be.)

BEDBARD, Frank Evers, M.A, F.B.S.

;

Prosector of Zoological Soc. of England since

1884, and Vice -Sec. since 1898; formerly
Lecturer on Biology at Guy’s Hospital; has
been Examiner in Zoology and Comparative
Anatomy, University of London, and of
Morphology at Oxford ; now Examiner in the
University of New Zealand; naturalist to
‘ Challenger ’ Expedition Commission, 1882-84

;

author of ‘Worm* in Ninth Edition of ‘Bncy.
Brit.,* ‘Animal Coloration,’ ‘Text-book of
Zoogeography,* *A Mono^ph of the Oligo-

chseta,’ ‘ Stxructuxe ana Classification of
Birds.’ (P. E. B.)

BELL, Charles Frederic Moberlyj asst,

manager of ‘The Times’; formerly corre-

spondent of ‘The Times* in Egypt; author
of ‘Khedives and Pashas,’ * Egyptian Finance,*
‘ From Pharaoh to Fellah,’ etc. (0. P. M. B.)

BELL^ Dr Louis, Boston, U.S.A. ; author of
‘ The Elements of thactical Electricity,’ ‘ Power
Distribution for Electric Railroads,’ ‘Electric
Power Transmission,’ etc. (L. Bl.)

BELL, Malcolm j author of ‘Rembrandt,’
‘ Sir E. Bume-Jones,’ etc. (M. Be.)

BELLAIRS, Carlyoxi
;

Lieutenant R.N.

;

writer of articles on naval subjects. (0. W. Be.)

BELLINGER, Hon. Charles Byron 5
Judge of the U.S. District Court, District of
Oregon. (0. B. B*.)

BELTRAMI, Luca; architect; author of
‘Storia della facciata di St Maria del Fiore
in Firenza/ ‘La Basilica Ambrosiana primitiva
e la licostruzione compiuta nel secolo IX,’

etc. (L. Bi.)

B^N^DITE, Ldoncej Conservator, Mus6e
du Luxembourg, Paris; author of ‘Alphonse
Legros*; editor of ‘BoUetin des Musses/
etc. (L. Be.)

BENSON, Arthur Christopher, M.A,
F.R.Hi8t. Soc. ; Master at Eton College since
1885 ; author of ‘Memoirs ofArthur Hamilton,’
‘ Archbishop Laud : a Study,* * Poems/ ‘ Lyrics/
‘ Essays,’ * Lord Vyet and other Poems,’ ‘ Fasti
Etonenses,* ‘Life of Archbishop Benson/ ‘The
Professor, and other Poems.' (A 0. Be.)

BERG, Sigvard Johnson, A.M.I.O.E.,
SwitWland. (S. J. B.)

BERNARD, Rev. John Henry, D.D.

;

Fellow of Trill. Ooll., Dublin ; .^chbishop
King’s Lecturer in Divinity, University of Dub-
lin ; member of TTnivemity Council, 1892 ; Vice-
Warden, Alexandra OoU., Dublin, for higher
education of women, 1894 ; Secret^ of Royal
Irish Academy, 1899 ; Commissioner of National
Education, Ireland, 1897; part-editor of ‘Slant’s
Critical Philosophy for English Readers,’ trans-
lator of ‘Kant's Kritik of Judgment, joint-
author of ‘The Literature of the Second
Century,* editor of ‘The Pilgrimage of St
Silvia of Aquitania,* ‘The Pastoral Epistles
of St Paul,* ‘The Works of Bishop Butler,
etc. (J. H. Be.)

BERNSTEIN, Eduard; German Socialistic
nolitician and writer ; late editor of the ‘Social
Democrat*; author of ‘On the History and
Theory of Socialism,’ * The Communistic and
Dmoczatlc-Sodalistic Movements in England
during the l7tii Century/ etc, (E. Bn.)

George Andreas, M.B., F.R.G.S.,
P.R.S. Edm.; Vice-Pres. Ophtnalmological Soc.;
author of ‘ Diseases of the Bye,’ * The Elements
of Ophthalmoscopic Diagnosis,’ ‘Subjective
Symptoms in Eye Diseases,’ etc. (G. A. Be.)

BESANT, Sir Walter, M.A, F.S.A., the
late; Secretary Palestine Exploration Fund,
1868-85

;
Hon. Sec. Palestine Exp. Fund

; First
Chainnan Society of Authors, 1884-85

; Chair-
man Society of Authors, 1887*1892 ; author of
‘Froissart’ in Ninth Edition of ‘Ency. Brit.,’
‘Studies in Early French Poetry,' ‘Rabelais,’
Lives of ‘Cohgny/ ‘Whittington,’ ‘Edward
Palmer,’ and ‘Richard Jefibries,’ ‘London,’
‘Westminster,’ ‘South London,’ many Novels
with the late James Rice. Novels alone :

‘ The
Revolt of Man,’ * All Sorts and Conditions of
Men,’ ‘Beyond the Dreams of Avarice,’ ‘The
Orange Girl,’ etc. (DP*. Be.)

BHOWNAGREEj Sir Manckerjee Mer-
waxijee, K.C.I.E., M.P.; State Agent, Bom-
bay, for the territory of Bhavnagar, 1873;
author of * History of the Constitution of the
East India Company,’ Gnjerati translation
of ‘Her Majesty’s Life in the Highlands,’
etc. (M. M. Bh.)

BICKERDYRE^ Joliii'’ (Charles Henry
Cook), M.A.; writer on angling and sporting
subjects; President of Thames Re-stocking
Association, and the Fly-Fishers’ Club, 1899-
1900 ; editor of the angling department of the
‘Field*; author of ‘Angling in Salt Water,’
‘The Book of the All Bound Angler,’ ‘Thames
Rights and Thames Wrongs,’ ‘ Days in Thule
with Rod, Gun, and Camera,’ ‘Sea-Fishing,’
‘Days of My Life in Water, Fresh and Salt,’

‘Wild Sports in Ireland,’ ‘Letters to Young
Sea-Fishers,’ etc. (‘J.

and Sight,’ and numerous memoirs on physical
subjects. (S. Br.)

BINDLOSS. Harold: Secretary Royal Mersey
Yacht Club. (H. Bs.)

BINYONj Laurence } assistant in the British
Museum, Department of Printed Books, 1893

;

transferred to Department of Prints and Draw-
ings, 1895; author of ‘Lyric Poems,’ ‘Poems,’
‘London Visions,’ ‘The Praise of Life, ‘Por-
phyrion and other Poems,’ ‘Western Flanders/
‘Odes,’ ‘Catalogue of English Drawings in the
British Museum.’ (L. B.)

BIRD. Ckrlstopher John, C.M.G.; Principal
Under Secretary of the Colony of Natal, and a
Member of the Civil Service Board. (0. J. Bi.)

BIRDWOOD^ Sir Georee Christopher
Molesworthj M.D., K.OTI.E., C.S.I., LL.D.;
special assistant in Revenue and Statistics

Department India Oflflce, 1871-99 ; author of

‘Incense’ in Ninth Edition of ‘Ency. Brit.,’

‘Economic Vegetable Products of the Bombay
Presidency/ ‘The Industrial Arts of India,’
* Report on Old Records of the India Oflice,’

‘First Letter Book of Bast India Company,*

Mger's ‘ Biography of Words,’ etc. (G. B.)

BIRKBECK, WUliam John^ M.A,
P.S.A. ; author of ‘ Russia and the English
Church.’ (W. J. Bi.)

BIRKINBINE^ John^ M.E.‘; President of
the Franklin Institute and the Peimsylvania
Forestry Association ;

sometime President
American Institute of Mining Engineers, and
editor ‘ Journal of Iron Workers/ (J. Bi^.)

BIRREL^ Aueustine^ K.C. ; Hon. Fellow,

Trinity Hall, Cambridge; LL.D. St Andrews
(Honorary) ; Quain Professor of Law, University
Coll. London, 1896; M.P. (L.) Fifeshire W.,
1889-1900 ; author of Obiter Dicta, 1884, 1887

;

Life of Charlotte Brontb, 1886 ; Bes Judicatae,

1892 ; Men, Women, and Books, 1894 ; Lectures
on the Duties and Liabilities of Trustees, 1896

;

editor of Boswell’s Life of Johnson, 1897;

Sir Frank Lockwood, 1898 ; Collected Essays,

1900. (A Bi.)

BISHOl^ Mrs Isabella L. (Miss Isabella

Bird), P.R.G.S., Hon. F.R.S.G.S. ; Hon. Mem-
ber of Oriental Society, Pekin ; first ladyFellow
of the Royal Geographical Society ; author of
‘ The Englishwoman in America,* ‘ Six Months
in the Sandwich Islands,* ‘A Lady’s Life in

the Rooky Mountains,’ ‘Unbeaten Tracks in

Japan,’ ‘The Golden Chersonese,’ ‘Journeys in

Persia and Kurdistan,* ‘Among the Tibetans,*

‘Korea and her Neighbours,’ ‘The Yangtze
VaUey and Beyond,’ ‘Pictures from China,’

etc. (LL.B.)

BLAIR, Andrew A. ; chief chemist of the

U.S. Geological Survey, Division of Mining and

Geology, Tenth Census of the United States;

author of ‘The Chemical Analysis of Iron,’

etc. (A. A B.)

BLARE, Rev. John Frederick, M-A.,

F.B.S. ; sometime I*rofessor of Natural Science,

University College, Nottingham; author^ of

‘British Fossil Cephalopoda/ ‘The Geological
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Society of London,’ ‘Astronomical Hytlxs,*^
‘ Yorksliire Lias,’ etc* (J. F. Bl.)

Prof. William Phipps. Pk-B.

;

Director School ofMines, University orArizona,
and territorial geologist of Arizona; author
of ‘Geological Reconnaissance of California,’

‘Silver Ores and Silver Mines,’ etc. (W. P. B.)

BL5nDAJj^ Sig;f6s^ of the University Library,
Copenhagen. (S. Bl.)

BLOUNT, Bertram, P.C.S., P.LC. ; con-
sulting chemist to the Crovm Agents for the
Colonies ; Hon. President Cement Section of
International Assoc, for Testing Materials,
Buda-Pesth. (B. Bl.)

BLOWITZ, Henri Georges Stephane
Adolphe Opper dej ‘The Times’ corre-
spondent in Paris; Professor of German at
Tours, Limoges, Poitiers, and Marseilles; en-
tered on service of ‘The Times,’ July 1S71

;

iuauguratpd constant telegraphic communica-
tions and obtained the concession from 9 p.m.
to 3 A.M. of a special wire for ‘ The Times ’ from
9 May 1874 ;

officer of the Legion of Honour

;

Doctor of Philosophy ;
officer of the Institute

;

of France; author of ‘Feuilles Volantes,’
‘L’Allemagne et la Provence,’ ‘Le Mariage
royal d’Bspagne,’ ‘Une Course a Constanti-
nople.’ (de B.)

BLUNT, Capt. Charles Jasper, R.A.

;

Chief Ordnance Officer, Guernsey; served in
the Chitral campaign, etc. (G. J. B.)

BODLBV, John Bdward Courtenay,
M.A. ; private secretary to President of Local
Government Board, 1882-85 ; secretary to Royal
Commission on Housing of the Working Classes,
1884-85 ; author of ‘ France ’

: vol. i. ‘ The Revolu-
tion and Modem France,’ vol. ii. ‘The Parlia-
mentary System,’ (French ed. 1901), ‘L’Anglo-
manie et les traditions frangaises-’ (J. E. C. B.)

BOLTZMANN, Ludwig; Professor of
Theoretical Physics, University of Vienna

;

Hon. Member Royal Academy of Sciences,
Berlin ; author of ‘ Lectures on the Theory of
Gas,’ * Lectures on Maxwell’s Theory of Elec-
tricity and Light ’

; editor of ‘ Maxwell’s Physi-
cal Forces.' (L. Bo.)

BONAR, James, M.A., LL.D.; seniorExaminer
Civil Service Commission, Westminster ; junior
Examiner in H.M. Civil Service Commission,
1881; senior Examiner, il&idewi, end of 1895;
President of Section F of British Association,

1898; author of ‘Malthus and his Work,’
‘Ricardo’s Letters to Malthus,’ ‘Philosophy
and Political Economy,’ ‘Catalogue of Adam
Smith’s Library’ (part), ‘Ricardo’s Letters to
Trower,’ (J. B*.)

BONNBV, Rev. Thomas George, D.Sc.,
LL.D., F.R.S. ; late Professor of Geology,
University Coll. London ; Hon. Canon of Man-
chester ; Fellow of St John’s Coll. Cainb.

;

Hulsean Lecturer (Camb.), 1884; President
Geological Society, 1884-86; Boyle Lecturer,
1890-92; Rede Lecturer (Camb.), 1892; Vice-
President Royal Society, 1899 ; author of ‘'The

Alpine Regions,’ ‘The Story of our Planet,*

‘Charles Lyell and Modern Geology,’ ‘Ice-

Work, ‘Volcanoes,’ etc. (T. G. B.)

BOSCO, Augustus; Professor of Statistics,

University of Rome. (A. Bo.)

BOULBNGBR, George A., F.R.S., F.Z.S.

;

assistant, Dept, of Zoology, Brit. Museum,
since 1882; author of numerous works on
Zoology. (G. A. B.)

BOURCHIBR, James David, M.A.

;

sometime Scholar of Kings College, Cam-
bridge ; Correspondent of * The Times ’ at
Athens. (J. D. B.)

BOURGBT, Paul, poet, critic, and novelist;
member of French Academy since 1894 ; officer

of the Legion of Honour, 1895 ; author of La Vie
inquifete, 1874; Edel, 1878; Les Aveux, 1882;
Essais de Psychologie, 1883 ;

Nouveaux Bssais
de Psychologie, 1885 ;

Etudes et Portraits, 1887

;

Pastels, 1889 ;
Physiologie de 1*Amour moderne,

1890 ; Sensations dTtalie, 1891 ; Nonveaux
Pastels, 1891 ; Outre Mer, 1895 ; L’Irr6parable,

1884 ; Cruelle Enigme, 1885 ;
Un Crime d’Amour,

1886 ; Andr4 Comelis, 1887 ; Meusonges, 1S87

;

Le Disciple, 1889 ; Un coeur de femme, 1890 ; La
Terre Promise, 1892; Cosmopolis, 1892; Un
Scrupule, 1894; Un Idylle Tragique, 1896;
Voyageuses, 1897; Recommencements, 1897;
Complications Sentimentales, 1898 ; LaDuchesse
Bleue, 1898; Drames de Famille, 1900; Un
Homme d’Affaires, 1900 ; Le Fantome. (p. B*^.)

BOURNE, Gilbert Charles, M.A., D.Sc.,
F.L.S. ; Fellow and Tutor of New Coll. Oxford

;

assistant to Linacre Professor of Comparative
Anatomy, Oxford, 1887 - 88 ;

Director, Marine
Biological Association, United Kingdom, 1889-

1890 ; assistant to Linacre Professor at Oxford,
1892-1900 ; University Lecturer in Comparative
Anatomy, 1898 ; author of various memoirs
on Comparative Anatomy, an ‘ Introduction to
Study of Comp. Anatomy of Animals,’ articles

Anthozoa and Ctenophora, in Lankester’s
‘ Zoology,' etc. (G. 0. B.)

BOURNE, Henry Bldridge
;

Professor of
History, College for Women, Western Reserve
University, U.S. (H. E. B.)

BOWERj Frederick Orpen, Sc.D., F.R.S.,
F.L.S.

; Regius Professor of Botany, University
of Glasgow, since 18S5 ; author of ‘A Course of
Practical Instruction in Botany,* ‘Practical
Botany for Beginners,* etc. (F. O. B.)

BOWLBY, A- L.; author of ‘Elements of
Statistics,’ ‘ Wages in the United Kingdom in
the Nineteenth Century,’ etc. (A. L. Bo.)

BOYD, Charles Walter, B.A. (Edin.);
journalist ; sometime private secretary in
South Africa to Dr Jameson and Mr Cecil
Rhodes. (0. W. B*.)

BRABROOK, Edward William, C.B.,
F.S.A., V.P.S.S., V.P.R.S.L. ; V.P. Royal
Archaeolo^cal Institute since 1900 ; Chief Regis-
trar of Friendly Societies since 1891 ; President
Anthropological Institute, 1895-97; President
Folk-Lore Society, 1901; Foreign Associate,
Society of Anthropology of Pans, 1901 ; author
of ‘Building Societies,' ‘Friendly Societies,’

‘Savings Banks’ in Ninth Edition of ‘Bncy-
Brit.,’ ‘ Provident Societies and Industrial
Welfare,’ * History of Royal Society of Litera-
ture.* (E. W. B.)

BRADFORD, JohnR., M.D.,D.Sc.,P.R.C.P.,
P.R.S. ; member of Senate of University of
London; physician to University Coll. Hospital
London; Professor of Materia Medica and
Therapeutics, University College, London ; Pro-
fessor Supt. of the Brown Institution ; author
of papers on medical and scientific subjects in
Proc. Roy. Soc. and in Transactions of medical
societies, etc. (J. R. B.)

BR.BSKSTAD, H. L. ;
Anglo - Norwegian

journalist; translator of standard Norwegian
works. (H. L, B.)

BRAMWELL, Capt. G. A.^ School of Sig-
nalling, Aldershot; Deputy-Assistant-Adjutant-
General for signalling. (G. A. Bb.)

BRANNER, John Casper, Prof., Ph.D.,
LL.D. ; Geologist, Imperial Geolog. Com-
mission, Brazil, 1875-1877 ; Agent U.S. Depart-
ment of Agriculture in Brazil, 18S2-83

;
acting •

President, Stanford University, U.S.A., 1898-99;
Fellow of Geolog. Soc. of Loudon and Soci6te
G6ologique de France; member of various scien-
tific societiesofNorthand South America; author
of numerous publications on Brazil. (J. 0. Bb.)

BRANTIiY, William Theophilus ; re-

porter of the Maryland Couit of Appeals
;
ex-

secretary of State of Maryland; author of
‘Maryland’ in Ninth Edition of ‘Bncy. Brit.,’
* Law of Personal Property,' (W. T. B.)

BRASSEY, Lord, 1st Baron, K.C.B.,
D.C.L. ; Knight of St John of Jerusalem ;

Commander of Legion of Honour, 1889 ; Presi-
dent Statistical Society, 1879-80 ; Civil Lord of
Admiralty, 1880-83; Secretary to Admiralty,
1883-86 ; Chairman of Opium Commission

;

President of the Institution of Naval Archi-
tects, 1893-95 ; Governor of Victoria, 1895-1900 ;

author of ‘Work and Wages,’ ‘Naval Annual,’
‘British Navy,' ‘British Seamen,’ ‘British
Work and Foreign Wages,’ etc. (Bb.)

BRETT, Michael, Barrister, Middle Temple.
^ (M. Bt.)

BRICRDAIiE, C. Fortescne, Barrister,
Lincoln’s Inn; author of ‘The Law and Prac-
tice regarding the Remstmtion of Deeds in the
County of Middlesex, ‘Notes on Land Trans-
fer,* ‘Registration of Title to Land,’ part
author of ‘Tlie Land Transfer Acts, 1875 and
1897,’ etc. (0. P. Bb.)

BRIDGE, Vice-Admiral Sir Cypriaii
Arthur George, BLC.B. ; Commander-in-
Chief, China station ; member of Committee on
Heavy Guns, 1878 ; of War Office Committee on
Machine Guns, 1879 ; of Ordnance Committee,
1881 ; Director of Naval Intelligence, 1889-94

;

Commander-in-ChiefAustralian station, 1895-98;
author of ‘ Signals * in Ninth Edition of ‘Bncy.
Brit.’ (0. A. G. B.)

BRXGHTMAN, Rev. Frank Edward,
M.A. ; ‘Chaplain Univ. Coll. Oxford, 1884-87 ;

Pusfey Librarian, 1884; author of ‘What Ob-
jections have been made to English Orders?’

;

editor of ‘ Liturgies Eastern and Western,’ ‘ The
Oxford Library of Practical Knowledge,*
etc. (F. E. Bb.)

BRINKLEY, Capt. P., B.A. ; proprietor and
editor of the ‘ Japan Mail,’ Yokohama ; edited
‘ Japan ’

;
translated ‘ The History of Japan *

;

compiled ‘An Unabridged Japanese and En^ish
Dictionary,’ etc. (P.Bv.)

BROADFOOT, Major William, B.B. ;

author of the Badminton ‘Billiards ; edited
* Career of Major George Broadfoot, O.B., in

Afghanistan and the Punjaub,’ etc. (W. Bb.)

BROOME, Lady, widow of the late Sir F.
Napier Broome, Governor of West Australia

;

author of ‘Station Life in New Zealand,*

etc. (M. A. B.)

BROOMHALL, G. J. S., editor of ‘Corn
Trade Year-Book,’ etc. (G. J. S. B.)

BROWNE, Edward Granville, M.A., M.B.;
Fellow 01 Pembroke College, Cambridge, and
Professor of Persian ; editor of ‘ The Episode
of the Bab,’ etc. (E, G. B.)

BROWNLOW, Rt. Rev. William Robert
[the late], D.D., M A., R.O. Bishop of Clifton;
provost, and domestic prelate to Pope Leo
XIII. ; CO -editor of ‘English Roma Sotter-
ranea ’

; author of ‘ Early Christian Symbolism *

;

Memoirs of Melise Brownlow, Sir James Mar-
shall, and Mother Rose Columba Adams, O.P.

;

Lectures on Slavery and Serfdom, on Church
History, on Sacerdotalism, on the Catacombs,
and other Archfeological subjects ; trans-
lation of ‘ Cur Deus Homo,’ and ‘ Vitis
Mystica.’ (^ W*. R. B.)

BRUNTON, Sir Thomas Lauder, M.D.,
Sc.D., LL.D. (Edin. and Aherd.), F.R.S. ; phy-
sician to St Bartholomew’s Hospital, London

;

author of ‘ The Bible and Science,’ ‘ Text-Book
of Pharmacology, Therapeutics, and Materia
Medica,’ ‘Disorders of Digestion,’ ‘Lectures on
the Action of Medicines.’ (T. L. B.)

BRYAN, Georgre Hartley, Sc.D., F.R.S.

;

Professor of Pure and Applied Mathematics in
the University College of North Wales ; Fellow
of Peterhouse, 1889-95

;
gold medal Inst. Naval

Architects, 1901. (G. H. Bb.)

BRYANT, Hon. Edgar B., LL.D. ;

Justice of the Circuit Court of Arkansas,
1890-97 ; author of ‘ Speeches and Addresses,
etc. (E. E. B.)

BRYCE, Rt. Hon. James, P.O., D.C.L.,
LL.D., F.R.S., M.P.l; Regius Professor of
Civil Law at Oxford, 1870 ; Under-Secretary of
State for Foreign Affairs, 1886 ; Chancellor of
Duchy of Lancaster (with seat in Cabinet), 1892;
President of Board of Trade, 1894; Chairman
of Royal Commission on Secondary Education,
1894 ;

member of Senate of London University,
1893; corresponding member of Institute of
France, 1891 ; foreign member of Royal Aca-
demies of Turin and Brussels, 1896; corre-
sponding member of Society Romana di Storia
Patria, 1885 ; honorary Fellow of Trinity and
Oriel Colleges, Oxford

; president of the Alpine
Club ; author of ‘ Emperor and Empire,* ‘ Jus-
tinian,’ ‘Procopius,’ ‘Theodora,’ in Nmth
Edition of ‘ Bncy. Brit.,’ ‘ The Holy Roman
Empire,’ ‘ The Trade Marks Registration Act,*
‘Transcaucasia and Ararat,’ ‘The American
Commonwealth,’ ‘Impressions of South Africa,*
etc. (J. Br.)

BRYDON, J. M., the late; architect; designed
various Government Offices, Chelsea Town
Hall and Polytechnic, Bath Municipal Build-
ings, etc. (J. M. By.)

BUCHANAN, John Young, M.A., F.R,S.

;

chemist and physicist of the ‘Challenger’
Expedition ; later, Lecturer in Geography,
University of Cambridge ; author of ‘ Lake,’
‘Mediterranean,’ in Ninth Edition of ‘Ency.
Brit.’ (J. T. B.)

BUCKLEY. Rev. James Monroe, D.D.,
LL.D. ; editor of ‘The Chnstian Advocate’
(New York); author of ‘Travels in three Con-
tinents,’ ‘Faith Healing,* ‘Christian Science
and Kindred Phenomena,’ ‘ Supposed Miracles,’
etc. (J. M. Bu.)

BttRDE, Lieut. Johannes, late of the
German array, 61st Infantry Regiment ; author
of ‘Problems of Applied Tactics, with Solu-
tions,’ * Tactical Problems,’ etc. (J. Be.)

BURDETT, Sir Henry, K.O.B. ; founder and
editor of the ‘Hospital’; late supenntendent
of the Queen’s Hospital, Birmingham, and of
the Seamen’s Hospital, Greenwich ; late secre-
tary Share and Loan Department, London
Stock Exchange ; author of * Burdett’s Official

Intelligence of British, American, and Foreign
Securities,’ ‘The National Debt,’ ‘Local Taxa-
tion in England and Wales,’ ‘The Patriotic
Fund,’ ‘Hospitals and Asylums of the World,’
‘The Relative Mortality of Large and Small
Hospitals,' ‘ Burdett’s Hospitals and Charities,
a Year-hook of Philanthropy,’ ‘Hospitals and
the State,’ ‘Unhealthiness of Public Institu-
tions,’ ‘A Practical Scheme for Old Age
Pensions,’ ‘The Registration of Nurses,’ ‘The
Nursing Profession, how and where to Train,’
‘ Housing of the Poor,* etc. (H, Br.)

BURN, Rev. A. E., B.D. ;
Examining Chap-

lain to the Bishop of Lichfield ; author of ‘ Tlie
Athanasian Creed,’ ‘An Introduction to the
Creeds and to the Te Deum,’ etc. (A. E. B.)

BURNSIDE, Rev. Frederick, M.A. ;

Hon. Canon St Albans ; Rural Dean of Hert-
ford; Hon. editor of the ‘Official Year-Book
of the Church of England*; compiler of ‘The
Official Parochial Register of Church Services,’

etc. (P. Bu.)

BURNSIDE, William, M.A., F.B.S. ; Pro-
fessor of Mathematics, Royal Naval College,

Greenwich. (W. Bu.)

BURROUGHS, Jobu, author of ‘Wake
Robin, ‘Signs and Seasons,* ‘Birds and
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Poets.’ ‘Fresh Fields' ‘tThitman: A Study,’ 1 ‘MarshfleldtheObserver," The Secret Orchard,’

etc. (j. Bu.) etc. (E. Ca.)

BURROWS. Rev. Winfrid Oldfield^ M.A.

;

Vicar of Holy Trinity, Leeds ;
formerly Prin-

cipal of Leeds Clergy School and Tutor of

Christ Church, Oxford. (W. 0. B.)

BURTON. Clarence Monroe, LL.r>.

;

author of ‘ Life of Cadillac, founder of

Detroit,’ ‘Eevisited Landmarks of Detroit,’

etc. (P B.)

BURTON, William, P.O.S. ;
author of Cantor

Lectures on ‘Material and Design in Pottery,’

etc. (W. B*.)

BUTIiER, Alfred JosHna, M.A. ;
Fellow of

Brasenose College, Oxford; author of ‘Tyrol’

in Ninth Edition of ‘ Ency. Brit.’ (A. J. B.)

BUTIiBR, Prof. Nicholas Murray, Ph.D.;
Pres. Columbia University, New York

;
author

of ‘The Meaning of Education,’ etc. ; editor of

the ‘Educational Review’ and of the ‘Great
Educators ’ senes. (N. M. B.)

c
CABIiE, George Washington, A.M:.,

D.L. ;
author of ‘New Orleans’ in Ninth

Edition of ‘Ency. Brit,’ ‘Old Creole Days,’
* The Grandissimes,’ ‘ Dr Sevier, ‘ John March,
Southerner,’ etc. (G. W. Oa.)

CAIliIiARD, Sir Vincent Henry Pen-
alver, K-B. ; Assistant Commissioner for

England on Montenegrin Frontier Commission,
18T9 ; on Arab Tabia Commission, 18T9 ; attached
to Sir Beauchamp Seymour, Naval Demonstra-
tion, Dulcigno, 1880; service for Intelligence

Department, 1882 ; attached Headquarters Staff

Egyptian Campaign, 1SS2 ;
appointed President

Ottoman Pubho Debt Council, 1883 ; and Fin-
ancial Representative of England, Holland, and
Belgium in Constantinople ; medal and bronze
star, Egyptian campaign ; Grand Cordons Med-
jidie and Osmanie

;
gold medals of Liakat and

Nishan-i-Imtiaz ; Grand Cordon of Ordre pour
le m^rite civile. (V. H. P. 0.)

CAIiliENDAR, Hugh Iionghourne,
LL.D., F.R.S, ; Professor of Physics, Royal
CoU. of Science, London ;

Professor of Physics,

M‘QiIl Coll. Montreal, 1893-98. (H. L. 0.)

CAMP, Walter, Newhaven, U.S.A,, author of
‘ Book of College Sports,* ‘American Football,’

etc. (W. Oa.)

CAMPBEliIi, J. G. D., M.A.; H,M.’s In-
spector of Schools ; educational adviser to the
]^ng of Siam, 1899-1901. (J. G. D. 0.)

CAMPBEXiIi, Rev. Iiewis, M.A., LL.D.;
emeritus Professor of Greek, University of

St Andrews; Hon. Fellow of BaUiol OolL
Oxford; Gifford Lecturer, St Andrews, 1894-96

;

author of ‘ Plato,’ ‘ Sophocles ’ in Ninth Edition
of ‘Ency, Brit.,’ ‘The Christian Ideal,’ part
‘Life of James Clerk-Maxwell,’ ‘Sophocles in

English Verse,’ ‘Aeschylus m English Verse,*

‘Guide to Greek Tragedy’ ; edition of ‘Plato’s

Republic’ (with late Professor Jowett), ‘ Life of
Benjamin Jowett’ (with E. Abbott), ‘Religion
in (Sreek Literature,’ ‘Letters of B. Jowett’

g
rith E. Abbott), ‘ The Nationalization of the
Id English Universities.’ (L. 0.)

CARLYIiE, B. I., M.A,, F,R.Hist.Soc.; Fellow
of Merton College, Oxford ; assist, editor to the
‘ Dictionary of National Biography.’ (B. I, 0.)

CAROB. WilUam Douglas, M.A., F.S.A.

;

Architect to Ecclesiastical Commission, to the
Dean and Chapter of Canterbury, etc.; Fellow
and Member of the Council R.I.B.A.; part
author of ‘ Sefton.’ (W. D. 0.)

CARSON, Howard A., formerly chief engineer
of the liletropolitan (Greater Boston, U.S.A.)
Sewerage Commission and now chief engineer
of the Boston Transit Commission ; in charge
of the building of the Boston Subway and the
East Boston Tunnel ; sometime President of the
Boston Society of Civil Engineers. (H. A. 0.)

CARTER, Albert Charles Robiuson;
assistant editor of ‘The Year’s Art,* 1887;
editor, 1894; editor of ‘The Year’s Music,’
1898; contributor to ‘The Art Journal’ since
1889; art critic of ‘Manchester Courier’; art
critic for ‘Pall Mall Gazette’

;
writer of ‘The

Art Annual, 1900, onWarArtists.’ (A 0. R. 0.)

CARVER, Thomas Gilbert, M.A., E.C.;
author of ‘On the Law relating to the Carriage
of Goods by Sea.* (T. G. 6.)

CASE, Thomas, M.A ; Waynflete Professor of
Moral and Metaphysical Philosophy, Oxford

;

Fellow of Magdalen ; formerly Fellow and Tutor
of B.N.C., and 0.0.0. ; author of ‘Materials for
History of Athenian Democracy from Solon to
pOTicXes/ ‘Realism in Morals,’ ‘Physic^ Real-
ism,’ ‘ St Mary’s Olnstera ’ <T. Oa.)

Egerton, M.A, F.S.A; auiihorot
,

‘^oolkand Masteirsof Fence,’ ‘Consequences,*
‘BnglishBeok-Plates/ * The Light of Scarthey,*

Jespptadbom Lefeters,’ ‘The Pride of
Bath Comedy,’ ‘Young April,’

CHADWICK, Capt. French Exisor, in

command of U.S. cruiser ‘New York,’ flagship

N. Atlantic Squadron ; Chief of Staff of Rear-
Admiral Samnson in the Spanish - American
War. ‘ (F. E. Oh.)

CHAliMERS, Mackenzie Dalzell, C.3.I.,

M.A. ; assistant parliamentary counsel to Treas-
ury, England ; counsel to Board of Trade

;

Judge of County Courts, 1884; acting Chief
Justice, Gibraltar, 1893 ; Commissioner ofAssize,
1895 ; member of the Statute Law Committee,
and Board of Faculty of Law of Oxford ; law
memberofthe Viceroy’s Council in India ; author
of contributions to ‘Dictionary of Political

Economy and ‘ Bncyclopsedia Britannica,’

‘Digest of the Law of Bills of Exchai^e,’
* Digest of the Law of Sale,* etc. (M. D. Ck.)

CHAMBERXiAIN, Hon. Joshua Daw-
rence, A.M., LL.D. ; Brigadier-General in the
U.S. Civil War; Governor of Maine, 1866-71,

and President of Bowdoin College, 1871-83 ;

author of ‘ Maine ’ in Ninth Edition of ‘ Ency.
Brit.,’ ‘ Maine : HerPlacein History,’ ‘ American
Ideals,’ etc. (J. L. 0.)

CHANEY, Hexiry James, Superintendent
Standards Department Board of Trade ; Secret-

ary to Royal Commission on Standards, 1867-70

;

represented Great Britain at International Con-
ference on the Metric System, 1901 ;

author of
‘ Treatise on Weights and Measures.’ (H. J. 0.)

CHANNING, Edward, Ph.D.
;
Professor of

History, Harvard University ; author of
‘History of the United States,’ ‘Town and
County Government in the English Colonies
of North America,’ ‘ Narragansett Planters,’

etc. ; collaborator with the late Dr Justin
Winsor on the ‘Narrative and Critical History
of America,’ (E. Oh.)

ANUTE, Octave, late President American
Society of Civil Engineers ; honorary member
Institution of Civil Engineers, Great Britain

;

author of ‘Kansas City Bridges, ‘Progressin
Flying Machines,’ etc. (0. 0.)

CHAPMAN, Alfred, M.LaB. ; designer and
constructor of sugar machinery, (A. Oh.)

CHARLES, Rev. Robert Henry, M,A.
D.D. ; Professor of Biblical Greek, Trin. Coll.

Dublin
;
author of ‘ Book of Enoch,’ translated

from the Ethiopic and edited ‘Bthiopic Text of
Book of Jubilees, edited firom four MSS.,'
‘ Book of the Secrets of Enoch,* ‘ Apocalypse
of Baruch,* translated from the Syriac and
edited ‘The Assumption of Moses,* ‘The
Doctrine of a Future Life,’ ‘Jowett Lectures
for 1898-99.’ (R. H. C.)

CHATAWAY, James Vincent, M.L.A.,
the late ; Secretary for Agriculture, Queens-
land, (J. V. 0.)

CHIROli, Valentine; B.Lit. University of
Paris ; foreign editor of ‘The Times’

;
author

of ‘The Far Eastern Question,’ *’Twixt Greek
and Turk,’ etc. (V. 0.)

CHISHOLM, G. G., M.A, B.Sc. ; author of
‘The Commerce of the British Brrmire,’ joint-

author of ‘Europe* in Stanford’s * Compendium
of Geography and Travel’; edited Longman’s
‘ Gazetteer of the World.’ (G. G. 0.)

CHISHOLM, Hngh, B.A.; formerly scholar
0.0. C., Oxford; Barrister-at-Law of the
Middle Temple; assistant editor of the ‘St
James’s Gazette,’ 1892-97; editor, 1897-1900.
Contributor to ‘Fortnightly Review,’ ‘National
Review,’ ‘ The Times,’ * Standard,’ etc. ; Joint-
editor of theNewVolumes ofthe ‘ Encyclopaedia
Britannica.’ (H. Oh.)

GHREE, Charles, M.A.,Sc.D., LL.D., F.R.S.

;

Fellow of King s College, Camb.
;

Super-
intendent Observatory Department, National
Physical Laboratory. (0. Ch.)

CHRISTY, S. B., Ph.B. ; Professor of Mining
and Metallurgy and Dean of the Faculty of
the College of Mining, University of Cali-
fornia. (S. B. 0.)

CHURCXI, Arthur Herbert, M.A, D.Sc.,
F.R.S., B\S.A.

; Professor of Chemistry, Royal
Academy of Arts ; Professor of Chemistry in
the Royal Agricultural Coll. Cirencester ; Lec-
turer, Cooper’s Hill ; President of Mineralogical
Society, 1898-1901 ; author of ‘ Guano,’ * Hemp,*
‘Irrigation,’ in Ninth Edition of ‘Ency. Brit.,’

‘Precious Stones,* ‘EnglishEarthenware,’ ‘Eng-
lish Porcelain,* ‘The Laboratory Guide,’ ‘ Food
Grains of India,’ ‘Food,* * Josiah Wedgwood,’
‘Colour,’ etc. (A K 0.)

CHURCH, CqI. Georgre Earl; Member of
the Council Roy. Geog. Soc. ; President of the
Geog^i Section, British Association, 1898 ; author
of ‘South America, an outline of its Physical
Geography,’ etc. (G. E. 0.)

CIST, Hexury Martyn, A.M., Cincinnati,
U.O.A ; author of ‘Army of the Cumberland,’
‘Life of Major-General George H. Thomas’;
editor of 20 Annual Reports of the Society of
the Army of the Gamberiand. OL M. O.)

CLARK, Charles Hopkins, editor of ‘ Hart-
ford Coui-ant,’ Conn., U.8.A (0. H. Cl.)

CLARK, Geor§;e A., B.L. ; Secretary to
the Leland Stanford Junior University, Sec-
retary of the U.S. Fur Seal Commission, 1896-
1S98. (a. A. 0.)

CLARKE, Caspar Purdon, C.I.E. ; Dir-
ector of Art Museum, South Kensington;
late keeper of Art Collections and Assistant
Director. (0. P. 0.)

CLARKE. Colonel Sir George Syden-
ham, K.C.M.G., F.R.S.

; Governor of Victoria,
Australia, since 1901 ; served Egyptian expe-
dition, 1882 ; Sudan expedition, 1886 ; Suakin,
in Intelligence Department and as Assistant
Political Officer; Secretary Colonial Defence
Committee; Secretary to Royal Commission
on Navy and Army Administration; Super-
intendent Royal Carriage Factory, 1894-1901

;

member of Committee on War Office Reorganiza-
tion, 1900-1901 ; author of ‘ Practical Geometry
and Engineering Drawing,’ ‘The Principles
of Graphic Statics,’ ‘Plevna,’ ‘Fortification
Past, Present, and Future,* ‘The Navy and the
Nation,’ ‘Imperial Defence,’ ‘Russia’s Sea-
power,’ etc. (G. S. C.)

CLAUSEN, George, A.R.A., R.W.8. ; medals:
Paris 1889, Chicago 1893, Brussels 1897, Paris
1900. (G. Ol.)

CLAUSON, Captain John Eugene, R.E.,
B.A. London ; Secretary Colonial Defence Com-
mittee, War Office, London. (J. E. 0.)

CLAYDEN, PeterWilliam, the late ; Presi-
dent Inst. Journalists, London; a President
International Congress of the Press, Antwerp,
1894; English member International Bureau
of Press; Treasurer, Institute of Journalists’
Orphan Fund ; author of ‘ Scientific Men and
Religious Teachers,’ ‘England under Lord
Beaconsfield,’ ‘Early Life of Samuel Rogers,’
‘Rogers and his (3ontemporanes,’ ‘England
under the Coalition,’ etc. (P. W. C.)

CLERC, F. L., Denver, Colorado, U.S.A.
M. Amer. Soc. of Mining Engineers. (P. L. 0.)

CLERK, Dugald, M.I.C.E. ; author of ‘The
Theory of the Gas Engine,* ‘Notes on Motive
Power Inventions,’ etc. (D. Ol.)

CLIFFORIX Hugh Charles, O.M.G.; British
Resident, Fahang; nominated by Colonial Office

to post of Governor North Borneo and Labuan
under Chartered Company, 1900; Resident,
Pahang, 1901 ; Acting Resident, Negri Sembilan,
Sept. 1901 ; author of ‘In Court and Kampong,
* Studies in Brown Humanity,’ ‘ Since the Begin-
ning,* ‘ In a Corner of Asia,’ joint-author with
Sir Frank Swettenham of a Dictionary of the
Malay Language. (H. Ol.)

CLODD, Edward: author of ‘The Childhood
of the World,* ‘The Childhood of Religions,’
‘Jesus of Nazareth,’ ‘Myths and Dreams,’
‘Story of Creation,* ‘Story of Primitive Man,’
‘Primer of Evolution,* ‘ Pioneers of Evolution,’
‘Tom Tit Tot, an Essay on Savage Philosophy
in Folk -Tale,’ ‘Grant Allen,’ ‘Story of the
Alphabet,’ etc. (E. Cl.)

COBHAM, C. Delaval, M.A., B.C.L. ; British
Commissioner, Larnaca, Cyprus; editor of
‘Bibliography of Cypru.s,’ and ‘Bxcerpta
Cypria’; translator of Mariti’s ‘Travels in
Cyprus.’ (0. D. 0.)

COCKBURN, Hon, Sir John Alex-
ander, K.O.M.G., M.D. ; Fellow King’s Col-

lege, London; Mayor of Jamestown, S.

Australia ; member of House of Assembly, S.

Australia; Minister of Education, 1886-87;
Premier and Chief Secretary, 1889-90 ;

Chief
Secretary, 1892; Minister of Education and
Agriculture, 1893-98; one of the representa-
tives of South Australia at the Federal Con-
ferences in 1890, 1891, 1897, and 1898 ; Agent-
General for South Australia to 1901. (J. A. Co.)

COGHLAN, T. A., A,M.I.C.B. ; Government
Statistician of New South Wales ; author of
‘ The Mining Industry of New South Wales,’ ‘A
Statistical Account of the Seven Colonies of

Australasia’ ; has also written on the Agricul-

ture, Fauna, and Timber Resources of New
South Wales. (T. A. C.)

COLCLOUGH, John George, B.A. ; late

Secretary of the British Chamber of Commerce,
Paris; author of ‘Ulster,’ ‘The Law of Con-
tract,* ‘Twenty -five Years of Anglo-French
Trade,’ etc. (J. G. 0.)

COLE, Alan S.; Asst. Sec. (Art) Board of Educa-

tion ; Ex. for Art, S. Kensington ; author of

‘Ancient Needle Point and PiUow Lace,’

‘Tapestry and Embroidery,’ etc.; and editor

‘Studies from the Museums,’ various descrip-

tive catalogues of Tapestry, Embroidery, Lace,

and Egyptian textiles at S. Kens. Mus.,
etc. (A S. C.)

COLLINS, Rev. William Edward, M.A

;

Professor of Ecclesiastical History, Kings
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Coll., London ;
Examining Chaplain to the

Bishop of St Albans ; author of ‘ The English
Reformation and its Consequences,’ ‘ The
Nature and Force of the Common Law,’ ‘ Unity,
Catholic and Papal,’ etc. (W. E. 0.)

COLOhXBj Sir John Charles Ready^
K.C.M.G., M.P.

; author of ‘Protection of
Coniiuerce in War,’ ‘ Imperial Strategy,’ ‘ The
Distribution of our War Forces,’ ‘Colonial
Defence and Colonial Opinions,’ ‘The Defence
of Great and Greater Britain,’ ‘Naval Intelli-

gence and Protection of Commerce,’ ‘The Use
and Application of Jdarine Forces,’ ‘Imperial
Federation, Naval and Military,’ * British
Defence,’ etc. (J. C. R. 0.)

COLVIN, Sir Auckland. K.C.S.L, JB:.0.M.G.,

C.LE.; Grand Cordons of Osmanieh and Med-
jidieh; Comptroller-Gen. Egypt; Financial
Adviser to Khedive; Financial member of
Viceroy’s Council, India; Lieut.-Gov. North-
West Provinces and Oudh; author of ‘John
Russell Colvin,’ etc. (A. Co.)

COLYAR, H. A. de ;
of the Middle Temple,

Barrister-at-Law ; author of ‘ Law of Guaran-
tees.’ (H. A. DE 0.)

COMSTOCK, Bri^.-Gen. Cyrus Ballon

;

U.S.A., retired
;
Board of Engineers lor Forti-

fications, U.S. Army; chief engineer. Army
of the Potomac, 1862-63; President of the
Mississippi River Commission

;
author of

‘Primary Triangulation of the U.S. Lake
Survey.’ (0. B. 0.)

Coll. Oxford ; representative of General Council
of Bar at International Congress of Advocates,
Brussels, 1897; representative of the same
Council at International Congress of the Societe
de L4gislation Comparee, Pans, 1900; acting
Chamman of the International Gommissinn on
Criminal Sentences; author of many legal,

social, and political articles. (11 H. 0.)

CRAIES, W. F. } BaiTister, Inner Temple

;

edited ^A Collection of Statutes relating to
Criminal Law,* A Treatise on the construction
and effect of Statute Law,’ ‘The Laws of
Insurance,’ etc. (W. F. 0.)

CRANE, Walter, A.R.W.S. ; silver medal,
Paris, 1889 ; silver medal, Society of Arts

;

gold medal, Munich, 1895; fust and present
President Arts and Crafts Ex. Society (England),
1888 ; member of Council of Art, Board of
Education, and examiner in Design; Hon.
Member Dresden Academy of Fine Arts

;

appointed British Commissioner for the Turin
International Exhibition of Decorative Art,
1902 ; Director of Design, Manchester Municipal
School of Art, from 1893-96 (resigned)

;
Hon.

Art Director, Reading College, 1898 ; Principal
of the Royal College of Art, South Kensington,
1898-99 (resigned); author and illustrator of
‘Baby’s Opera,’ ‘Baby’s Banquet,’ ‘The Sirens
Three,’ ‘Flora’s Feast,’ ‘Queen Summer,’ ‘Claims
of Decorative Art,* ‘ Renascence, 1891,’ ‘ Decora-
tive Illustration of Books,’ ‘Spenser’s Fairie
Queene,’ ‘The Shepherd’s Calendar,’ ‘Line and
Form,* ‘ A Masque of Days,’ etc. (W. Or.)

CONATY^ Right Rev. Bishop Thomas
JameS; S.T.D., J.C.D. ; Rector of the Catholic
University of America. T. J. 0.)

CONWAY^ Sir William Martin^ M.A.

;

Slade Professor of Fine Arts, Cambridge ; Pro-
fessor of Art, Univ. Coll. Liverpool, 1SS5-8S

;

Hon. Sec. Art Congress, 1888-90 ; President of
the Alpine Club ; author of ‘ Dawn of Art in
the Ancient World,’ a series of Climbers’ Guide-
books to the Pennine and Lepontme Alps, etc.,
‘ Climbing and Exploration in the Karakoram-
Himalayas,’ ‘The Alps from End to End,’ ‘The
First Crossing of Spitsbergen,’ ‘With Ski and
Sledge over Arctic Glaciers,* ‘The Bolivian
Andes.’ (W. M. 0.)

COOK, Theodore Andrea, M.A., F.S.A.

;

author of ‘Old Touraine,’ ‘Rouen,’ ‘A History
of the English Turf,’ joint-author of ‘Ice-

Sports.’ (T. A. Co.)

COOKE, Charles Wallwyn Radcliffe-,
B.A. ; author of ‘A Treatise on the Agricultural
Holdings (England) Act,’ ‘Pour Years in Parlia-

ment with Hard Labour,’ ‘A Book about Cider
and Perry ’

; President, National Association of
English Cider-makers. (0. W. R. 0.)

COOLIDGE, Rev. William Augustus
Brevoort, M.A., F.R.G.S. ; 'Fellow of Mag-
dalen College, Oxford; Professor of English
History, St David’s College, Lampeter, 1880-81 ;

Corresponding Member of the Swiss Hist.
Society, 1S91; author of ‘Jura,’ ‘Switzerland’
(History, Geography, and Statistics), ‘Tell,’

‘Valais,’ ‘Zurich’ in Ninth Edition of ‘Ency.
Brit.’; joint author of ‘Guide du Haut Dau-
phinfe,’ ‘Guide to the Central Alps of the
Dauphiny,’ ‘Guide to the Lopontine Alps,’

‘The Mountains of Cogne,’ ‘The Adula Alps,*

‘The Range of the Todi,’ ‘Guide to Grindel-
wald,* ‘ Guide to Switzerland ’

; editor of ‘ Alpine
Journal,’ 1880-89. (W.AB. C.)

COPEMAN, Sydney Moncktou, H.A.,
M.D. ;

Medical Inspector, Local Government
Board ; Member of the Council Epidemiological
Society

; author of ‘ Vaccination : its Natural
History and Pathology,* * Bacteriology of
Vaccine Lymph,’ etc. (S. M. 0.)

CORRADINI, Enrico; late editor of ‘La
Naziona,’ Florence ; author of ‘La Civia Rom-
anzo,’ etc. (E. Co.)

CRAWFORD. Francis Marion
;
author of

many novels, including ‘Mr Isaacs,* and ‘Sara-
cinesca’ ; and of ‘Ave Roma Immortalis, ‘ Life of
Pope Leo XII-,’ ‘ Constantmople,’ etc. (M. Or.)

CREAK, Capt. Ettrick William, R.N.,
C.B., F.R.S. ; late Superintendent of Com-
passes, Hydrographic Department, Admiralty,
London. (E. W. 0.)

CREIGHTON, Charles, M.A., M.D. Aber-
deen; author of ‘History of Epidemics in
Britain,’ * Jenner and Vaccmation,’ etc. (C. G.)

CREWE, Earl of, P.C., M.A.,F S.A. ; President
of the Literary Fund; assist, priv. sec. to Sec.
for Foreign Affairs, 1883-84; Lord-Lieut. of
Ireland, 1892-95; author of ‘Stray Verses,’

articles on Ireland, etc. (0.)

CRIMP, Santo, M.I.C.B. ; the late ; author
of ‘Sew'age Disposal Works’; joint author of
‘Tables and Diagrams for use in de.signing

sewers and water mains,’ etc. (S. Or.)

CRITCHELL,JamesTrouhridge; London
Correspondent of the ‘Brisbane Courier,* ‘North
Queensland Herald,’ etc. ; author of ‘ Preliminary
Enquiry mto the Markets of the European
Continent,’ ‘Guide toQueensland,’ etc. (J.T.Or.)

CROOKES, Sir WUUam, P.B.S. ; Past Pre-
sident of the Chemical Society, Great Britain

;

Past President of the Institution of Electrical

Engineers ; editor of ‘ Chemical News,’ President
of the British Association for the Advancement
of Science, 1898 ; editor of ‘Quarterly Journal
of Science ’

;
Professor of Chemistry, Training

Coll., Chester, 1855; author of ‘Assaying* in
Ninth Edition of ‘ Ency. Brit.’ ;

‘ Select Methods
in Chemical Analysis,’ ‘Manufacture ofBeetroot-
Sugar in England/ ‘ Handbook of Dyeing and
Calico-Printing,’ ‘Dyeing and Tissue Printing,’

‘Kerl's Treatise on Metallurgy,’ with Ernst
Rohrig, ‘Wagner’s Chemical Technology,’ ‘Aner-
bach’s Anthracen and its Derivatives/ ‘Ville’s

Artificial Manures,’ * A Solution of the Sewage
Question,’ ‘ The Profitable Disposal of Sewage,’
‘The Wheat Problem,’ etc. (W.O.)

CROSS, Ckarles Robert, B. Sc. ; Professor
of Physics and Director of Rogers Laboratory,
MassachusettsInstitute ofTechnology; Director
of Rumford Committee, American Academy of
Arts and Sciences. (C. R. Cr.)

COTTON, James Sutherland, M.A ; Hon.
Secretary of the Egypt Exploration Fund ; late

editor of ‘The Academy,* London ;
Fellow and

Lecturer of Queen’s CoU. Oxford; author of
‘ Warren Hastings ’ in Ninth Edition of ‘Ency.
Brit.,’ ‘Decennial Report on the Moral and
Material Progress of India,’ ‘India/ ‘Elphin-
stone,* ‘ Quinquennial Report on Education in
India’ ; editor of ‘Paterson’s Practical Statutes,*
‘ The Official Gazetteer of India,’ (J. S. Co.)

COX, General Jacob Dolson, LL.D., the
late ; Governor of the State of Ohio (1866-67)

;

U-S. Secretary of the Interior <1869-70) ; Major-
General U.S. Volunteers in the Civil War;
Brigade-Commander under General Sherman in
the Atlanta campaign ; author of ‘ Atlanta : the
March to the ‘Battle of Franklin,’
etc. (J. D. Co.)

CRACKANTHORPE. Montague
Hughes, K.C., D.O.L. ; late member General
Council of the Bar and Council of Legal
Education ; late Chairman Incorporated Council
of Law Reporting ; Honorary F^ow St John’s

CROZIER, Capt. T. H., R.A. ; Professor of
Artillery, OrdnanceCollege,Woolwich. (T. H. 0.)

CRUMP, Charles George, B.A.
; of H.M.

Record Office; editor ‘The History of the
Life of Thomas Ellwood,’ ‘The Works of Walter
Savage Landor,* etc. (C. G. Or.)

CUNDALL, F. ; Sec. and Librarian, Institute

of Jamaica; author of ‘Studies in Jamaica
History,* ‘The Story of the Life of Columbus
and Discovery ofAmerica'; edited ‘Bibliotheca
Jamaicensis,* etc. (P. Ou.)

CUNNINGHAM, J. T., M.A; late Fellow
of University Coll., Oxford; lecturer for

Fisheries, Tech. Instructiou Com. of Cornwall

;

late Asst, Professor of Natural History, Edin-
burgh; also Naturalist to Marine Biological

Assoc, of the U.K. ;
author of * Treatise on

Common Sole,’ ‘Marketable Marine Fishes
of the British Isles,* ‘Sexual Dimorphism,*
etc. (J: T. 0.)

CURRAN, Rev- J . Milue ; author of ‘Geology
of Sydney and the Blue Mountains/ *A Con-

tribution to the Geology and Petrography of
Bathurst,’ etc. (J. M. Cu.)

D
DABNEV, Cliarles William, Fli.1).; Fre'!.

Univ. of Tennessee; assistant U.S. Secretary
Agriculture, 1893-97, etc. (C. W. D.)

DABNEY, Richard Heath, A.M., Ph.D.;
Professor of Historical and Economical Science,
University of Virginia ; author of * The Causes
of the French Revolution,’ ‘John Randolph:
a Character Sketch.’ (R. H. D.)

DAI.BY, W. Ernes^ M.A., B.Sc., M.I.aE.,
Assoc. M.I. Nav. Architects; Pro-

fessor of Mechanical Engineering and Applied
Mathematics, Cityand Guilds Technical College,
Finsbury. (W. E. D.)

DAXiE, T, F. ; author of ‘The Game of Polo,
part-editor of ‘ Riding and Polo.’ (T, F. D.)

DAIiIi, Hon. William Healey, A.M.

;

naturalist, U.S. National Museum; author
of ‘ Alaska and its Resources,* ‘ Tribes of the
Extreme North-west,’ etc. (W. H. D.)

DADDAS, J. M. M.: late Secretary of
the Edinburgh Draughts Club. (J. M. M. D.)

DANNREUTHER,Edward,ProfessorRoyal
Coll. Mus. ; author of ‘ Musical Ornamentation,’
‘ Liszt's Etudes,' ‘ Richard Wagner.* (E. Da.)

DARWIN, George Howard, M.A., LL.D
,

D.Sc,, F.B.S.; Plumian Professor of Astronomy
and Experimental Philosophy, Cambridge

;

Fellow of Trim Coll. Camb. ; author of ‘ Tides,’

in Ninth Edition of ‘Ency. Brit.’ ‘Reports to
B.A. on Harmonic Analysis of Tidal Observa-
tions,’ ‘Memoirs on the Effects of Tidal
Friction on the Barth and on the Moon,’ Phil.

Trans. Roy. Soc., ‘The Tides and Kindred
Phenomena in the Solar System,’ etc. (G. H. D.)

DARWIN, Deonard, Major, late RE. ; In-
telligence Dept. War Office, 1885-90; served
on several scieutific expeditions, including
Transit of Venus of 1874 and 1882 ; author of
‘Bi-metallism.* (L. D.)

DAVENPORT, Cyril James H., P.S.A.;
British Museum ; silver medal Society of Arts,
1900; binding editor to the Anglo-Saxon Re-
view

;
author of ‘ The English Regalia,’ ‘ Royal

English Bookbindings,’ ‘Cantor Lectures on
Decorative Bookbindings/ ‘English Em-
broidered Bookbindings,’ ‘Life of T. Berthe-
let.’ (0. D.)

DAVEY ofFemburst,Dor^ D.C.L., P.R.S.

;

Lord of Appeal in. Ordinary
; Solicitor-General,

1886 ; Lord Justice of Appeal, 1893. (D.)

DAVIDS, T. W- Rbys, LL.D., Ph.D. ; Sec-
retary and Librarian Royal Asiatic Society;
Professor of Pali and Buddhist Literature,
Univ. Coll. London; author of ‘Buddhism/
‘ Jains,’ ‘ Laniaism/ in Ninth Edition of * Ency.
Brit.,* ‘Buddhism,’ ‘BudcUiist Birth Stories,’

‘Buddhist Suttas from tlie Pali,’ ‘Hibben
Lectures,’ 1881, etc. (T. W. R. D.)

DAVIDSON, WilUam Deslie, M.A., LL.D.

;

Professor of Logic and Metaphysics, Aberdeen
University; author of ‘English Words Ex-
plained/ ‘Theism as grounded in Human
Nature,’ ‘A Philosophical Centenary : Reid and
Campbell,’ * Christian Ethics.* (W. L. D.)

DAVIES, A. Dlewelyn, B.A. ; Barrister,
Inner Temple ; Assistant Reader in Common
Law under the Council of Legal Educa-
tion. (A. Ll. D.)

DAVIES, Henry Walford, Mus. Doc.
(Camb.), A.E.C,M. (Lend.); organist and
director of the choir, Temple Church, London

;

formerly organist and choirmaster, St Anne*s,
Soho; teacher of counterpoint, R.C.M.,
1895. (H. W. D.)

DAVIS, Jobn Patterson, Ph.D., A.M.

;

assistant m History and Economics, University
of Michigan, 1894-1895 ; now Attorney-at-Law,
Nampa, Idaho; author of ‘The Union Pacific
Railway,* etc. (J. P. D.)

DAVIS, William Morris, Professor Physical
Geography, Harvard University; author of
‘Physical Geography ' and numerous scientific

publications. (W. M. D.)

DAWKINS, WilUam Boyd, M.A., D.Sc.,

P.R.S,, F.S.A., F.G.S., A.M.L0.E. ; Professor
of Geol. and Palseontology in Owens College,

Manchester
;
geologist on Geological Survey of

Great Britain, 1861-69; author of ‘Cave* iu
Ninth Edition of ‘Ency. Brit.,’ ‘Cave Hunting,’
‘Early Man iu Britain,’ ‘British Pleistocene
Majtnmalia/ (W. B. D.)

DAWSON, George Mercer, LL.D., F.RS.,
the late ; Director Geological Survey ofCanada;
Geologist and Naturalist to R.M. North Ameri-
can Boundary Commission, 1873-75; one of
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H.M. Behring Sea Commissioners, 1891, and
under the Behring Sea Joint Commission
Agreement, 1892; author of numerous scien-

BODD, Lieut.-Col. Jolm Ricliard. M.B.,
F.R.C.S., E.A.M.O. ; Medical OflS.cer, Royal
Arsenal, Woolwich. (J. R. D.)

tific and technical reports printed by the I jjquGLAS, James, LL.D.; member and Vice-

Canadian Government, and scientific and other

papers. (C^. M. D.)

BAY, Lewis P-s English Designer and Art
Lecturer; Med. Paris Exhibition (1900); Ex-

aminer for Art, Board of Education ; author of

‘ Windows—Stained and Painted Glass,’ ‘The
Anatomy of Pattern,’ ‘The Distribution of

Ornamental Design,’ ‘Nature jn Ornament,’

etc. 0^*

BAYOT, Armand; Inspector of Fin© Arts,

Ministry of Fine Arts, France ; author of ‘ Uu
si^cle d’art,’ ‘ La Revolution Frangaise, d’aprfes

des peintures, sculptures, etc.,’ ‘Les maitres

de la caricature FrauQaise au XIX® sifecle,’

etc. (A Da.)

President Am, Inst, of Mining Engineers;
member Am. Philosoph. Soc., Am. Geolog. Soc.,

Society of Arts, London, etc. ; formerly Pro-

fessor of Chemistry. Morrin College, Quebec ;

author of ‘Canadian Independence,’ ‘Imperial
Federation and Annexation,’ numerous technical

articles and reports, etc. (J. Ds.)

BOUGLAS, Robert Kexmaway, Keeper of

Oriental Printed Books and MSS. at the British

Museum; Professor of Chinese, King’s Coll.

London; appointed China Consular Service,

1858 ; retired, and appointed assistant in charge

of Chinese Library, British Museum, 1865;
author of ‘Canton,’ ‘China,’ ‘Jenghiz Khan,’
‘ Manchuria,’ etc., in Ninth Edition of ‘ Ency.
Brit.,’ ‘The Language and Literature of

China,’ ‘Confucianism and Taoism,’ ‘China,’

‘A Chinese Manual,’ ‘The Life of Li Hung-
Ohang,’ * China.* (R. K. D.)

BYER, Sir William Turner Thiselton-,
M.A., B.Sc., LL.D., Ph.D., K.O.M.G., C.M.G.,
O.I.B., F.R.S. ; Director, Royal Gardens,
Kew ; Fellow, University of London, 1887-90

;

V P.R.S. 1896-97; joint-author of ‘Biology’ in
Ninth Edition of ‘Ency. Brit.,^ ‘Flora of
Middlesex,’ edited English edition of Sachs’
‘Text -hook of Botany,’ ‘Flora Capeiisis,’
etc. (W.T.T.-D.)

DEACON, George Frederi^, M.I.M B • and Tao^m;- ‘China?
Member of Council of Institution of Cml

< a Chinese Manual,' ‘The Life of Li Hnng-
Bngineers, London; investoted sch^s for

ohang,' ‘China.' (B. K. D.)
water-supply of Liverpool; projected the
Vyxnwy scheme ; carried out part of it in con- BOXJGI^S S, WilUam Trega^hen.
junction with the late Thomas Hawksley ;

M.I.O.E., M.I.M.B., M.Oj.B. ; late J^sident

President Association of Mimicipal and County Engineer to the Trinity House ; Con. Eng. to

Engineers, 1878 ; President Engineering Section Govts, of W. Australia, N. S. Wales, Vi^na,
Sanitary Institute, 1894 ; President Mechanical Cape of Good Hope, etc. ; erected the Eddy-

Science Section, British Association, Toronto, stone, Bishop Rock Lighthouses, etc. ;
aut^r

1897 (G. P. D.) of ‘The New Bddystone Lighthouse, ‘On

DEANS, Ricliard Storry, LL.B. ; Barrister-

at-Law, Gray’s Inn. (R. S. D.) ^
**

•« TUT. AC /T nr 1 BOWSON, J. Emerson, M.I.C.E.,M.I.M.B.;
F*®*AS. ; Gold Medal, Inventor^ of the Dowson Gas Plant; part

President Liverpool Ast. Society, author of ‘Tramways,’ ‘Decimal Coinage,'
1877-78; author of ‘Telescopic Work for Star- -+ 7j.E. Do.S
light Evenings,’ ‘The Great Meteoric Shower,’

-r i. -r - ti ai -n* +^
* (W. P. D.) DREYER, John Louis Emil, Director

* \ * / Avma/vK /*\'>»e!aY.trQ4-.rtT.Tr • oacio'l'. A o+’.'rr.Tm'.nOT* O'!".

“ 1e» s. SihiS
British Museum. (J. A J. db v.)

< q-j

BE VINNB, Theodore Low, printer and Circle,

typographist, New York ; head of the firm of Armag
Theodore L. de Vinne and Co. ; author of Genera
‘Printers’ Price List,’ ‘Invention of Printing,’ Stars,'

‘ Historic Types,’ etc. (T. L. db V.) cus : a

BEWAR, James, M.A., Hon. LL.D. (Glasgow,
St Andrews, Edm.), D.So. (Victoria), P.B.S., BRIESC
F.R.S.Bd., F.I.O., F.O.S. ; Professorial Fellow Stazioi

of Peterhouse, Canxb. ; Jacksonian Professor of lytical

BxperimentalPhilosophy, Cambridge ; FuBerian ‘ Biolo
Professor of Chemistry, Royal Institution, urtvE'
London ; Vice-President of the Royal Society ; -g Litt
a Director of the Davy -Faraday Research
Laboratory ; President British Association for J m
1902; CO -inventor with Sir Frederick Abel
of cordite; late member of the Government
Explosives Committee : author of ‘ Aum,’ etc. v
in Ninth Edition of ‘Ency. Brit.,’ numerous
papers contributed to the proceedings of the ^
Royal Societies of London and Edinburgh, ^ a

the Royal Institution, the British Association,
the Chemical Society, etc. (J. Dn.)

BIBBXN, Charles, F.B.G.S., AV.I. ; Knight
of St John of Jerusalem in England; Hon.
Corresponding Member of Institutions de Pr6-
voyance, France ; Secy, of the Royal National
Lifeboat Institution, England; Hon. Secy, of oa . ^
the Oiva Service Lifeboat Fund. (0. Di.)

f
BIBBXN, Lewis Tonna, K.C., D.O.L. (Dur- 1889-9

ham), F.S.A. ; author of ‘ Church Courts,’ 1892-9
‘City Livery Companies,’ ‘Brewer’s Endow- Liters
ment and Establishment,’ ‘Monasticism in Benai
England,’ ‘ Hanson’s Death Duties.’ (L. T. D.) from s

DICEY, Edward, C.B., B.A.; editor of ‘The DXJPPIELB, William Bartleet ; of the
Observer ’ (London), 1870-89 ; author of ‘ Rome Inner Temple, Barrister-at-Law. (W. B. Du.)

EARBLEY-WXLMOT, Rear-Admiral
Sydney M.. R.N.; author of ‘The British
Navy, Past and Present,’ ‘ The Next Naval War *

‘Our Flags ; Their Origin, Use, and Traditions,’
‘The Development of Navies during the Last
Half Century,* etc. (S. M. E.-VST.)

EATON, Fred. A.
;

Secretary to the Royal
Academy, London; edited Thausing’s ‘Albert
Durer : His Life and Works.’ (P, A. E.)

EBGXNGTON, Charles, M.A.; President
Oxford University Speed Skating Club

; holder
since 1898 of the world’s speed record for the
hour (19 m. 848 yds.). (0. E.)

EDGEWORTH, Francis Ysidro, M.A;
D.O.L.

;
Professor ofPolitical Economy, Oxford

Fellow of A1 Souls’ Coll. Oxford
; Fellow of

King’s Coll. London; editor of the ‘Economic
Journal ’

; author of ‘ Mathematical Psychics ’

etc. (F. T. E.)

EDWARDS. William Seymour, Attorney
and Counseilor-at-law, U.S.A. ; author of ‘ Coals
and Cokes in West Virginia.* (W. S. E.)

Armagh Observatory; assist. Astronomer at 1

Dublin University Observatory, 1878-88 ; author
of ‘Observatory,’ ‘Sextant,’ ‘Time,’ ‘Transit

Circle,’ in Ninth Edition ‘Ency. Brit.,’ ‘Second
Anmagh Catalogue of 8300 Stars,’ 1886, ‘New
General Catalogue of Nebulae and Clusters of
Stars,' ‘Tycho Brahe’; co-editor ‘Coperni-
cus : an International Journal of Astronomy,’
1881-84. (J. L. E. D.)

BRXESCH, Hans A. E., Ph.D. Jena;
Stazione Zoologica, Naples

;
author of * Ana-

lytical Theory of Organic Development,’
‘ Biology,* etc. (H. A. E. D.)

DRIVER, Rev. Samuel Rolles, D.D.,
D.Litt. ; Regius Professor of Hebrew, and
Canon of Christ Church, Oxford; member of
Old Testament Revision Company ; author of
‘Isaiah,’ ‘Notes on the Hebrew Text of the
Books of Samuel,’ ‘Au Introduction to the
Literature of the Old Testament,’ various
commentaries ;

joint-editor of the ‘ Holy Bible,

with various renderings and readings from the
best authorities,’ ‘A Hebrew and English
Lexicon of the Old Testament.’ (S. B. D.)

BUFF, Rt. Hon, Sir Mountstuart
Elpninstone Grant, P.G., M.A., D.L.,

G.G.S.I., P.B.S. ; Under-Secretary of State
for India, 1868-74; Under-Secretary for the
Colonies, 1880-81 ; Governor of Madras, 1881-

86 ; Member of Senate University of London,
1891; President Royal Geographical Society,

1889-93; President Royal Historical Society,

1892-99; author of ‘Miscellanies, Political and
Literary,’ ‘Memoir of SirH. S. Maine,’ ‘Ernest
Renan,’ ‘Memoir of Lord de Tabley,’ ‘Notes
from a Diary.* (M. G. D.)

•Bargama, the State,' ‘The Story of
deGfegxapMe, BriKeUes ; author of ‘Atlas du

the Khedivate ’ etc Belgique,’ ‘Les decouvertes maritimes desthe Ahedivate, etc. (E. D.)
Portugais au XV« sifecle,’ ‘Les Expeditions

DICKEY, Rev. Cbarles A., D.D.; President Beiges au Katenga,’ etc. (J. nu F.)
of the Presbyterian Hospital in Philadelphia; t -n .

Moderator of the General Assembly of the Pres-
sometoe President

byterian Church in the U.S., 1900. (0. A. D.)
American Insl^ute of Electrical En-

» V. / gineers, and Associate Professor of Electncity,
DICKSON, HenryNewton, B.Sc., P.R.S.B., Johns HopMns University, Baltimore. (L. Du.)

F.R.G.S. ; late Vice-President Royal Meteoro- atat -no atij
logical Society; Lecturer in Physical Geography, ® }

Secretary s Department, Inland

Oxford ; author of * Meteorology; the Elements Revenue Ofla,ce, London, (P. D.)

of Weather and Climate,’ etc. (H.N. D.) DUNNING, WilUam Archibald, Ph.D.

;

DUNCAN, F, ;
Secretary’s Department, Inland

Revenue Office, London, (P. D.)

DIXON, Capt.J.Wliitly,B.N.; conservator Professor of History, Oohmibia Univer^ty,

of the river Humber; late Staff Commander of member of The Amenean His-

the Medway Fleet Reserve; author of ‘Mariner’s torical Association; author of ‘Essays in

Compass in an Iron Ship ’ etc. (J W D Reconstruction, etc.; editor ‘ Political Science

^ ,

V . V Quarterly.’ (W. A. D.)DOBSON. George; Petersburg; author of -r.! ^
‘ Russia'© Railway Advance and Central Asia,’ Cbmidei^ C.I.E. ; Lecturer

DOBSON. Henry Austin, Principal, H.M.
Board of Trade, to 1901 ; author of ^Hogarth ’

in Ninth Edition of ‘Ency. Brit.’; ‘Proverbs
in Porcelain,’ ‘ Old-World Idylls/ ‘At the Sign
of the Lyre,’ ‘Collected Poems,’ ‘Thomas
Bewick and his Pupils,’ Lives of Fielding,
Sto^e, Goldsmith, Horace Walpole, William
Hogarth, ‘Four Frenchwomen,’ ‘Eighteenth
O^tory Vignettes,* ‘A Paladin orPhilan-
itopY/ eto. (A. D.)

Indian History; Univ. Coll, London ;
Fellow of

the Calcutta Univ. ; Divisional Commissioner,
1894 and 1896, being the only native of India
who attained that position in the last century

;

author of a series of historical and social novels
in Bengali, and a translation of the Rig Veda
and other Sanscrit religions works into that
language; in English, ‘Civil^tion in Ancient
India/ ‘Lays of Ancient India, ’ ‘Maha-bharata,*
condensed into English verse, ‘ Ramayana,’ con-
densed into English verse, ‘ England and India,
1786-1885 ;

‘ Famines in India.’ (R. 0. D.)

EGERTON, H. E. ; author of ‘A Short History
of British Colonial Policy,’ ‘Sir Stamford
Raffles,’ ‘Essays on Christ’s Hospital,'
etc. (H. E. Eg.)

ELIOT, Charles William, LL.D., D.G.L.

;

President of Harvard University; author of
‘American Contributions to Civilization,'
‘ Educational Reform,’ etc. (0. W. E.)

ELIOT, Wbately. M.I.O.B.
; conducted survey

of the coast of New Zealand ; late Engineer
to Peterhead Harbour Board; Resident En-
gineer Eastham section of the Manchester Ship
Canal

;
Superintendent Civil Engineer, Keyham

Dockyard Extension, etc. (W. E.)

ELLINGTON, E. B., M.I.C.E. ; Member of
the Council M.E. ; Member of the Soci6t6 des
Ingdnieurs Oivlls de France; Chief Engineer
London and Liverpool Hydraulic Power Com-
panies, etc. ; inventor of numerous improve-
ments in hydraulic machinery. B. E.)

ERNST, Gen. Oswald Herbert; Brigadier-
General U.S.A.

;
member of the U.S. Isthmian

Canal Commission; Engineer in charge of
Western River Improvements, 1878-86, and of
Harbour Improvements on Texas Coast, 1886-89

;

Superintendent U. S. Military Academy, 1893-98

;

author of ‘Manual of Practical Military En-
ginering,’ etc. (O. H. E.)

EVANS, Hon. Henry Clay; U.S. Commis-
sioner of Pensions, Washington. (H. 0. E.)

EVERETT, Commander Allan F., R.N.;
Signal School, H.M.S. ‘Victory,’ Ports-

mouth. (A. F. E.)

EVERET*^ Joseph David, M.A, D.C.L.,

D.Se., P.E,S. ; late Professor of Natural Philo-

sophy, Queen’s Coll. Belfast; Assist, to Pro-

fessor ofMathematics, Glasgow, 1864-67 ; author
of ‘ Centimetre - Gramme - Second System of

Units,’ English edition of ‘ Deschanel’s Physics,’
‘ Elementary Text-Book of Physics,’ * Outlines

of Natural Philosophy.’ (J. D. E.)

EWART, James Cossar, M.D., F.R.S.;
Regius Professor of Natural History, Edin-
burgh; Professor Natural History, Aberdeen,
1878-82 ; member Fishery Board for Scotland

;

author of * TheLocomotor System of the Bchino*
derms’ (with the late G. J. Romanes), ‘On the
Progress of Fish Culture in America,’ ‘On
Whitebait,’ ‘On the Preservation of Fish,’

‘The Development of the Limbs of the
Horse.’ (J. 0. E.)

EWING, James Alfred, M.A., B.Sc., F.B.S..
M.I.O.E. ; Professor of Mechanism and
Applied Mechanics, Cambridge; Fellow of
King’s College, Cambridge ; Professor of
Mechanical Engineering at the Imperial Uni-
versity, Tokyo, Japan, 1878-83; author of

‘Pneumatic Despatch,’ ‘Seismometer,’ ‘Sewer-
age/ ‘Siemens,’ ‘Steam Engine,* ‘Strength of

Materials* in Ninth Edition of ‘Ency. Brit.,’

‘Treatise on Earthquake Measurement,’ ‘Mag-
netic Induction in Iron and other Metals/
‘The Steam Engine and other Heat Engines,’

etc. (J. A. E.)

EXETER, Bishop of, Right Rev.
Herbert Edward Ryle, D.D., B.A.

;

Warburton Lecturer 1899-1903 ; Fellow King’s
College, Cambridge, 1881 ; Divinity Lecturer at
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Emiuanael College, Cambridge, 1881-84; at
King’s College, 1882-86 ; Principal of St David’s
College, Lampeter, 1886-88

; Professorial Fellow
of King’s College, Cambridge, 1888 ; examining
chaplain to late Bishop of St Asaph, 188T-89,
and to Bishop of Ripon, 1889 ; Hon. Canon of
Ripon, 1895 ; Chaplain to the Queen, 1898-1901

;

Hulsean Professor of Divinity, Cambridge Uni-
versity, 1887-1901, and President of Queens’
College, Cambridge, 1896-1901

;
author of ‘ The

Canon of the Old Testament,’ ‘The Early
Narratives of Genesis,’ ‘ Commentary on Ezra
and Nehemiah,’ ‘Philo and Holy Scripture,’
etc. (BL E. E.)

F
PAIRBAIRN. Andrew Martin. 1I.A,

D.D., LL.D. ; Principal Mansfield Coll. Oxford

;

Principal of Airedale Coll. 1877-1886; Chair-
man of Congregational Union of England and
Wales, 1883 ; Member of Royal Commission
on Secondary Education, 1894-95; author of
‘Arminius,’ ‘Independents,* in Ninth Edition
of ‘ Bncy. Brit.,’ ‘ Studies in the Life of Clirist,’
‘ The City of God,’ ‘ Religion in History and in
Modern Life,' ‘Catholicism, Roman and Angli-
can,* ‘The Philosophy ofthe Christian Religion,’

etc. (A M. F.)

FAIRBROTHER, William Henry, M.A.,
Lecturer in Pliilosophy, Lincoln College, Ox-
ford

; author of ‘ Philosophy of Thomas Hill
Green.’ (W. H. P*^.)

FAIRIiIE, John A., Ph.D. ; Asst. Prof, of Ad-
ministrative Law, Univ- of Michigan ; author of
‘ Municipal Government.’ (J. A- Fa.)

FARMER, John Bretland, M.A., F.R.S.;
Professor of Botany, Royal College of Science,
London ; Demonstrator ofBotany, University of
Oxford, 1887-92 ; Fellow of Magdalen College,
Oxford, 1889 ;

Assistant Professor of Biology,
1892-95 ; author of ‘ Memoirs, chiefly Botanical
and Cytological.’ (J. B. F.)

FARRAR, Very Rev. Frederic William,
D.D., P.R.8. ; Dean of Canterbury; Hulsean
Lecturer at Cambridge; Bampton Lecturer at
Oxford ; Chaplain to the Speaker of the House
of Commons, 1890-95; author of ‘Jesus Christ’
in Ninth Edition of ‘Bncy. Brit.,’ ‘The Life
of Christ,’ ‘ The Life of St Paul,* * The Early
Day* of Christianity,’ ‘Darkness and Dawn,’
‘The Bible, its Meaning and Supremacy,’
etc. (F. W. F.)

FAUNCE, W, H. P., A.M., D.D.; Presi-
dent of Brown University. Promdence,
R.L CW. H. P. P.)

FAUR. G., of the Egyptian HaU, Lon-
don.' ' (G. Pa.)

FERGUSON, J. ;
editor of the ‘Ceylon

Observer,’ ‘Tropical Agriculturist,* etc.;
author of ‘Handbook to Ceylon,* manuals
on Coffee, Tea, Gold, Gems, etc. (J. F.)

FERRERO, Baron Augnsto 5
editor of ‘ La

Tribnna,’ Rome ; author of ‘Nostalgie d’Amore’

;

edited ‘From Florence to Rome: A Political
Diary of 1870-71,’ etc. (A Fb.)

FFOUIiKES, Miss C. Jocelyn; translator
of Morelli’s ‘ Italian Painters,’ etc. (0. J. P.)

FIDIiER, H.
;
Civil Engineer, head of Technical

Staff Department of Civil Engineer-in-Ohief,
Admiralty ; editor of ‘A Manual of Construc-
tion,’ etc. (H.P.)

FIEIiD, Capt. A. Mostyn, R.N. ; P.R.AS.,
F.R.G.S., P.R.Met.S. ; has worked for the
Hydrographic Survey in various parts of the
world. (A M. F* )

FlIiON, Pierre Marie Augnstin : agr4g6 es

lettres ; French Critic ; tutor to the late Prince
Imperial ; literary editor of the ‘ Revue Bleue ’

;

author of ‘Le Mariage de Londres,* ‘Histoire
de la Litfc6rature Anglais,’ ‘English Profiles,*

and works on the French and English
drama. (A Fi.)

FISHER, Alexander; English teacher and
specialist in the art of enamelling; author of
technical articles in the ‘ Magazine of Art,’ the
‘ Studio,’ etc. (A Fi*.)

FISHER, Georgre Parl^ D.D., LL.D. ; Pro-

fessor of Ecclesiastical History, Tale ; author
of ‘ The Reformation,’ ‘ Histoiy of the Christian

Church,* ‘ The Colonial Bra,’ etc. (G. P. F.)

FISKE, Jolm, LL.D., the late ;
author of ‘ Dis-

covery of America,’ ‘American Revolution,’

‘The Mississippi Valley in the Civil War,’
‘ Cosmic Philosophy,’ etc. (J. Pi.)

FITCH- Charles H., in charge of the

Indian Territory Section, U.S. Geological

Survey. (0. H. P.)

FITCH, Sir Joshua Girling, M.A, LL.D.

:

Chief Inspector of Training Colleges, retired

1894; H.M. Inspector of Schools, 1863 ;
Chevalier

of the Legion of Honour ; Governor of St Paul’s

School, London, and Girton College, Cambridge

:

author of ‘ Lectures on Teaching,’ The Arnolds

and their Influence on English Education,’
‘ EducationalAms and Methods.' (J. G. F.)

FITZGERAIiD, Vlce-Adml. Charles
Cooper Penrose; Superintendent, Pem-
broke Dockyard; second in command of the
China Station, 1898-1899 ; author of ‘ Boat Sail-

ing,’ ‘ Life of Sir George Tryon.’ (C. 0. P, F.)

FITZGERAIiD, J. D. (J. D. F.)

PITZMAURICE-KELIiY, James
;
corre-

sponding member of the Spanish Academy;
author of ‘A History of Spanish Literature,’
‘The Life of Miguel de Cervantes Saavedra,*
etc. (J. F.-K.)

FIiEMING, C. J. N., B.A ; Scottish Interna-
tional Football Player ; member ofCommittee of
Scottish Rugby Football Union, (0. J. N. P.)

FIiEMING, John Ambrose, M.A, D.Sc.,
F.R.S. ; Pender Professor ofElectrical Engineer-
ing, Univ. College, London; Fellow of Univ.
Coll. London ; author of ‘ Treatise on the Ater-
nate Current Transformer,’ ‘Electric Lamps
and Electric Lighting,* ‘Magnets and Electric
Currents,’ ‘A Han^ook for the Electrical
Laboratory and Testing Room.' (J. A. F.)

FOOTE, Arthur De Wint; Superintendent
of North Star Mining Company, California;
Member of the American Society of Civil

Engineers. (A. De W. F.)

FORBES, Dr H. O., LL.D,, F.R.G.S. ; Director
of Museums, Liverpool; author of ‘A Natur-
alist's Wanderings in the Eastern Achipelago,’
etc. (H. O. F.)

FORD, Worthiu^on Chauncey, Public
Library, Boston, U.S.A ; Chief of Bureau of
Statistics, U.S. Department of State, 1885-89,
and of Bureau of Statistics, U.S. Treasury
Department, 1893-98; author of ‘American
Citizen’s Manual,’ etc. (W*. O. F.)

FORD, W. J., M.A; author of ‘A Cricketer
on Cricket.' (W. J. P.)

FORTIER, Alc^e, Litt.D. ; Professor of
Romance Language, Tulane University, New
Orleans; sometime President of the Modern
Language Asociation of Anerica, and of the
American Folk-Lore Society ;

President of the
Louisiana Historical Society since 1894 ; author
of ‘ Louisiana Studies,’ ‘Louisiana Folk Tales,*

etc. (A Po.)

FOSTER, Clement De Neve, B.A., D.Sc.,
F.R.S. ; Professor ofMining at Royal School of
Mines, London; Examiner in Mining for the
Board, of Education; Geological Survey of
Great Britain, 1860-65; H.M. Inspector of
Mines, 1873-1901; author of ‘Mining’ in Nmth
Edition of ‘Eney. Brit.,* ‘Ore and Stone
Mining,’ etc. (0. L. N. F.)

FOSTER, Hon. John Watson, LL.D.;
ex-U.S. Minister to Mexico, Russia, and Spain

;

U.S. Secretary of State 1892-93, and Agent of
the United States in the Behring Sea Abitra-
tion. (J. W. Po.)

FOSTER, Sir Michael, D.O.L., D.Sc.,
LL.D., K.C.B., P.R.S., M.P, ; Professor of
Physiology, Cambridge ; secretary R.S. ; Presi-
dent British Ass., 1899 ; author of ‘ Physiology

*

in Ninth Edition of ‘ Ency. Brit.,’ ‘ Text - Book
of Physiology,’ ‘ Lectures on History of Physi-
ology ’

;
joint-editor of ‘ Scientific Memoirs of

Thomas Henry Huxley,* etc. (M. F.)

FOWTiER, G- H., Ph.D. Leipsic ; late Hon.
Secretary, Marine Biological Association, Ply-
mouth ; edited ‘ The Hydromedusa,* and ‘ The
Leptomedusa,’ Marshall’s ‘ The Frog,’ Enchsou’s
‘ Scientific Progress in Entomology.’ (G. H. Po.)

FOX, Francis, MJ,C.E. ; author of ‘ On the
Results of Trials of Varieties of Iron Permanent
Way,’ and various papers on ‘Ventilation,
Tunnelling,’ etc. (P. Fo.)

FOX, Major; head of London Salvage
Corps. (F. J. F.)

FRANKDIN, Fabian, Ph.D. ; editor of
* Baltimore News,’ Baltimore, U.S.A ; formerly
Professor of Mathematics, Johns Hopkins
University. (P. Pr.)

FRANTZ, Henri; art critic, ‘Gazette des
Beaux Arts,’ Paris. (H. Pb.)

FREAM, William, LL.D., F.G.S. F.L.S.,
F.S.S. ; Lecturer on Agricultural Entomology,
Edin. Univ. ; author of ‘Elements of Agricul-
ture,

’
‘ Soils and their Properties,

*
‘ TheComplete

Grazier,’ etc. (W. Fr.)

FREEMANTDE, Commander S., B.N.

;

part author of ‘Nautical Terms and Phrases in
French and English,’ etc. (S, Fr.)

FRERE, Rev. Walter Howard, M.A

;

Superior ofthe Community of the Resurrection

;

author of ‘A New History of the Book of
Common Prayer,’ ‘ Notes on the Early History
of the Use of Incense*; editor ‘Bibliotheca
Musico-Liturgica,’ ‘The Marian Reaction,*
etc. (W. H. P.)

PRY, Rt. Hon. Sir Edward, B.A, D.O.L.,
LL.D., F.R.S., F.S.A, F.L.S. ; Judge of High

Court, Chancery Division, 1877-83 ; Lord Justice
ofAppeal, 1883-92; Fellow University of London
and Univ. Coll. London ; Hon. Fellow of Balliol
Coll. Oxford; presided over the Royal Com-
mission on the Irish Land Acts, 1897-98;
author of ‘Quakers* in Ninth Edition of
‘Bncy. Brit.,’ ‘The Specific Performance of
Contracts,’ ‘ British Mosses,* * James Hack
Tuke,’etc. (E. I*.)

FULTON. Robert BnrweU, AM., LL.D.

;

Chancellor of the University of Mississippi;
author of ‘Mississippi, State’ in Ninth Edition
of ‘ Bncy. Brit.' (R. B. P.)

G
GADOW, Hans Friedricb, Ph,D., Hon.M.A

Cambridge, P.R.S. ; Strickland Curator and
Lecturer on Zoology, Cambridge ; British
Museum, Natural History Department, 1880-82

;

author of ‘In Northern Spain,’ ‘A Classifica-
tion of Vertebrata,’ ‘Aves in Bronn’s Aimal
Kingdom,’ ‘ Amphibia and Reptile*,’ and papers
in Royal Society Philosophical Transactions
and other scientific periodicals. (H. P. G.)

GALDWEY, Lt.-Col. Henry Lionel,
C.M.G., D.S.O. ; Deputy Commissioner and
Consul, Niger Coast Protectorate ; Acting
Consul-General, 1896-98, Oil Rivers Protector-
ate ; in command of a Haussa company during
operations in Benin country, including capture
of Benin City, 1897, etc. (H. L. G.)

GAMBLE, F, W., editor of ‘Junior Course
of Practical Zoology,’ ‘ Flatworms and Mesozoa,’
etc. (F. W. Ga.)

GANNETT, Henry; Chief Geographer U.S.
Geological Survey; Chief Geographer 10th,
11th, and 12th U.S. Censuses ; author of ‘ Idaho,’
etc., in Ninth Edition of ‘Ency. Brit.,'

‘Dictionary of Altitudes,* ‘Statistical Atlas of
the U.S.,’ etc. (H. G*.)

GARCKE, Emile, M.LE.E., F.S.S.; Manager
of the Brush Electrical Engineering Co.

;

Chairman Elect. Sect. London Chamber of Com-
merce, 1884-88

;
Member of Council, Tramways

and Light Railways Assoc.
; author of ‘ Manual

of Electrical Undertakings,’ joint-author of
‘Factory Accounts.* CB. Ga.)

GARDNER, Ernest Artlrar; Tates Pro-
fessor of Archseology, University OoUege,
London ; Director of British School of Archse-
ology at Athens, 1887-95; author of ‘Hand-
book of Greek Sculpture,* ‘ Journal of Hellenic
Studies,’ manyarticles on Greek art, archseology,
and excavations, from 1882 ; joint-editor
of the ‘Journal of Hellenic Studies' since
1897. (B. Gb.)

GARDNER, J. Starkie, English Iron Worker
and Expert ; authorof ‘ English Enamels,’ ‘ Iron-
work,' ‘Armour in England,’ etc. (J. S. G.)

GARDNER, Percy, Litt.D., P.S.A; Line,
and Merton Professor of Classical Archseology,
Oxford University; Correap. Member of the
Academy of Sciences, Gottingen; Member of
the Arch-dsological Institutes of Germany,
Austria, America, Greece, etc.; Assistant at
British Museum, 1871; Fellow of Christ’s
College, Cambridge, 1872; Disney Professor
of Achseology, Cambridge, 1880; editor of
‘Journal of Hellenic Studies’; author of
‘Corinth/ ‘Ephesus/ in Ninth Edition of
* Bncy. Brit.,’ ‘ The Parthian Coinage/ ‘ Samos
and Samian Coins,’ ‘Types of Greek Coins,*

‘Numismatic Commentary on Pausanias/ ‘ New
Chapters in Greek History,’ ‘ Manual of Greek
Antiquities* (with Mr. Jevons), ‘Sculptured
Tombs of Hellas, ’ etc. (P. G.)

GARNETT, Rickard, LL.D., C.B. ; Assistant
in Library of British Museum, 1861 ; Super-
intendent of Reading Room, 1876 ; Keeper of
Printed Books, 1890-1899 ; edited the British
Museum Catalogue from 1881 to 1890 ; author
of ‘Alexander VI.,’ ‘Anthology,* ‘Augustan
History,’ ‘Byzantine Historians,’ ‘Chateau-
briand,’ ‘Hazlitt,’ ‘Leigh Hunt,’ etc., in
Ninth Edition of ‘Ency. Brit.,* ‘Belies of
Shelley, ’ ‘Life of Carlyle,’ ‘Life of Emerson/
‘Twilight of the Gods,’ ‘Life of Milton, ’ ‘Age
of Dryden,’ ‘William Blake/ ‘A History of
Italian Literature/ ‘Life of Edward Gibbon
Wakefield.’ (B. G.)

GARNETT, WilUam, M.A,, Hon. D-GL.
Durham; Sec. Technical Education Board,
London Co. Council

; Whitworth Scholar
(first) ; Demonstrator in Physics, Cambridge

;

Prof, of Math., Physics and Mechanics, Uni-
versity ColL, Nottingham; Principal, Durham
ColL of Science, Newcastle-upon-Tyne ; author
of ‘Dynamics,* ‘Energy,*^ ‘Evaporation,*
‘ Hydrometer ’ in the Ninth Edition of ‘ Ency.
Brit.,’ ‘Elementary Dynamics,* ‘Elementary
Mechanics,’ etc. (W. G.)

GARSTANG, Walter, M.A, P.Z.S.; late
Fellow of Lincoln Coll., Oxford; Naturalist in
charge of Fishery Investigations, Marine BioL
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Assoc. ; delegate of H.M. Gov. to Internat.

Cont on Exploration of the Sea, Christiania,

1901 ; medallist of the Soci6t6 Gentrale d’Agri-

culture et de Pfeche, Pans ; author of numerous
memoirs on Marine Biology, etc. etc. (W. Ga.)

GATES^ Iiewis Edwards, A.B. ;
Assistant

Professor of Enghsh, Harvard University;
author of ‘Selections from Jeffrey,’ ‘Selec-

tions from Newman,’ ‘Three Studies in

Literature.’ (L. E. G.)

GEDEIE, John: on the editorial staff of the
‘Scotsman,’ Bdinhurgh; author of ‘The Water
of Leith,’ etc. (J. Gb.)

GEIKIE, Sir Archibald, Hon. D.C.L., D.Sc.,

LL.D., F.R.S., P.G.S. ; correspondent of Insti-

tute of France, of the Lineei, Rome, of the
Academies of Berlin, Vienna, Belgium, Stock-
holm, Turin, Munich, Christiania, Gottingen,
Kais. Leopold, Carol., Philadelphia, New York,
National Academy of Sciences of United States,

etc. ; Director Geological Survey of Scotland,

1867 ; first Murchison Professor of Geology and
Mineralogy, Edinburgh, 1871-82 ; Foreign Sec.

Royal Society, 1890-94; President Geological
Society, 1891-92 ; President British Association,

1892; Director-General Geological Survey of

United Kingdom, and Director Museum of

Practical Geology, London, 1882-1901; author
of ‘Geography’ (Physical), ‘Geology,’ ‘Hutton,
James,’ ‘Murchison,’ ‘Scotland’ (geology),

‘Vesuvius,’ in Ninth Edition of ‘Ency. Brit.,’

‘Memoir of Edward Forbes' (with G. Wilson),
‘ Geological Map of Scotland’ (with Murchison),
‘The Scenery of Scotland viewed in connexion
with its Physical Geology,’ ‘Text-book of

Geology,* ‘New Geological Map of Scot-

land,’ ‘The Ancient Volcanoes of Britain,’

etc. (A. Ge.)

GIANNINI, Torquato C., State Advocate,
San Marino; author of ‘Laws and Decrees of

the Republic of Sau Marino,' etc. (T. G*.)

GIBBONS, H.E. Cardinal James, Arch-
bishop of Baltimore, U.S. ; author of ‘The
Faith of Our Fathers,’ ‘ Our Christian Heritage,’
‘ The Ambassador of Christ.’ (•i^ J. G.)

GIBBS, George; Consulting Engineer to the
Baldwin Locomotive Works, and the Westing-
house Electric Manufacturing Co.; formerly
Mechanical Engineer for the Chicago, Mil-
waukee, and St Paul R.B. Co. ; Member
Am. Soc. Mech. Engineers, and Am. Soc. Civ.

Engineers. (G. Gl.)

GIBSON, George Alexander, M.D., D.Sc.
Edin., F.B.O.P. Edin., F.R.S. Ed;n.; Hon.
Member Norwich Med. Chir. Soc.; Fellow and
Member ofmany societies in England and Scot-

land ; Physician to Royal Infirmary of Edin-
burgh; Lecturer on Medicine in School of

Medicine of Royal Colleges; editor of the
* Edinburgh Med. Journ.’ since 1896 ; Secretary,
Royal Coll, of Physicians, Edin., 1884-94

;

Member of Council of the College since 1894;
author of ‘Physical Diagnosis’ (part), ‘ Cheyne-
Stokes Respiration,’ ‘Diseases of the Heart
and Aorta* ; editor of ‘Text-Book of Medicine,’
1901. (G, A G.)

GIEFEN, Sir Robert, K.C.B., F.R.S.;
assistant editor of ‘Economist,’ London, 1868-

76 ; Chief of Statistical Department, Board of
Trade, 1876-82 ; Assistant Secretary Board of
Trade, and afterwards Controller -General of
Commercial, Labour, and Statistical Depart-
ments, 1882-9T ; President of Statistical Society,

1882-84; author of ‘American Railways as
Investments,’ ‘Stock Exchange Securities,’

‘Essays in Finance,* ‘The Progress of the
Working Classes in the Last Half-Centu^,’
‘The Growth of Capital,’ ‘The Case against
Bimetallism,’ etc. (R. Gn.)

GILBERT, Growe Karl, A.M. ; Geologist
U.S. Geological Survey; author of ‘Geology
of the Henry Mountains,’ ‘Lake Bonneville,’

etc. (G. K. G.)

GILES, Peter, M.A* ; Fellow of Emmanuel
College, Cambridge, and University Reader in
Comparative Philology ; late Secretary of the
Cambridge Philological Society; author of
‘A Short Manual of Comparative Philology,’
etc. (P. Gi.)

GILLESPIE, A. L.i F.B.O.P. Edin.,
F.R.S.E. ; author of ‘ Natural History of Edin-
burgh,* ‘Manual of Modem Gastric Methods,’
etc. (A L. G.)

GILMAN, Daniel Coit, LL.D. ; President
Gamete Inst,, Washington ; PresMent Johns
Hopldns University, 1876-1901 ; author of ‘ Life
of James Monroe,’ ‘University Problems,’
etc. (D. O. G.)

0XNSBm^, Benedict WiUiam, M.A,
LL.0.; Secretary of the Royal Statistical

society of Greet Britain; author of ‘Le^l
,

miMBis of Ship Masters^* etc. (B. W. G.)

ComiA Albert Edward
O.V.O.; Major

Grenadier Guards ; Director of Intelligence and
Civil Service, Sudan Provinces

;
D.A.A.G.,

S. Africa, 1900 ; Nile Expedition, 1884-85

;

Intelligence Department, War Office, 1886-88;
Mission to Abyssinia, 1897 ; D.A.A.G. in
Intelligence Division War Office, 1898-99

;

served S. Africa, 1899-1900; author of ‘With
the Camel Corps up the Nile,’ ‘Armies of
Europe’ (translation), ‘With the Mission to
Menelik.’ (G*.)

GOODRICH, Edwin Stephen, M.A. ; Fellow
of Merton College, Oxford, and Aldrichian
Demonstrator ofAnatomy, University Museum,
Oxford. (E. S, G.)

GOODRICH, J. E., D.D. ; Prof, of Latin,
University of Vermont ; author of ‘ Vermont ’

in Ninth Edition of ‘ Ency. Brit.’ (J. E. G.)

GORDON, Home Seton Charles Mon-
tagu 5

writes for ‘Victoria History Counties
of England,' ‘Morning Post’ (London), ‘The
Artist,’ ‘Outlook,’ ‘County Gentleman,' ‘Bad-
minton Magazine,’ etc. (H. S. 0. M. G.)

GORDON, Gen. Sir John James Hood,
K,C.B,, Indian Staff Corps; member of the
Council of India. (J. J. H. G.)

GORST, John Lowndes, C.B. ; Financial
Adviser to the Egyptian Government; Con-
troller of Direct Taxes to Egyptian Government,
1890; Under-Secretary of State for Finance,
1892 ; Adviser to the Ministry of the In-
terior, 1894; Grand Gordon Order Medjidieh,
1897. (J. L. G.)

GOSCH, C. A. ) attach^ to the Danish Lega-
tion in Great Britain; author of ‘Denmark
and Germany since 1815,* ‘ The Nationality of
Schleswig,’ editor of ‘Danish Arctic Expedi-
tions 1605-1620,’ etc. (0. A G.)

GOSSE, Edmund, Hon. M.A. Trin. Coll. Camb.

;

Hon. LL.D. St Aidrews ; Knight of the Royal
Norwegian Order of St Olaf, First Class ; Asst.
Libranau, British Museum, 1867-75; Trans-
lator to Board of Trade; Clark Lecturer in
English Literature, Trin. Coll. Camb., 1884-90

;

author of ‘Cowley,’ ‘Denmark,’ ‘Holberg,’
* Holland ’ (literature), ‘ Norway ’ (literature),

‘ Oehlenschlager,’ ‘Pastoral,’ ‘Sweden’ (litera-

ture) in Ninth Edition of ^Ency. Brit.,’ ‘Col-
lected Poems,* ‘Northern Studies, ’ ‘Lifeof Gray,’
‘Life of Congreve,* ‘History of Eighteenth
Century Literature,’ ‘The Jacobean Poets,’
‘History of Modem Enghsh Literature,’ ‘Life
and Letters of Dr John Donne,’ etc. (E. G.)

GOUGH, James A. H., B.A. Lond. ; late Sec-
retary of the Thames Conservancy. (J. H. Go.)

GOULD, Prof. Elgin R. L., Ph.D. ; Pres.
City and Suburban Homes Company, New
York; formerly Lecturer at Johns Hopkins

,

and Chicago Universities ; Cor. Secretary
Am. Statistical Soc. ; Member International
Statistical Soc., British Economic Soc., and
Cor. Member Soci6t6 de Statistique, Paris

;

author of ‘Housmg of Working People,’
etc. (E. B. L. G.)

GOW, William, M.A. Glasgow, Ph.D. Heidel-
berg; Lecturer at University Coll. Liverpool,
on Manne Insurance ; author of ‘ Marine In-
surance,’ a hand-hook, ‘A British Imperial
Customs Union,' etc. (W. Go.)

GRACE, John Hilton, M.A. ; Fellow of
Peterhouse, Cambridge. (J. H. Gb.)

GRAHAM, P. Anderson; author of ‘Rural
Exodus.’ (P. A G.)

GREEN, Joseph. Reimolds, Sc.D., F.R.S.,
F.L.S, ; Professor of Botany, Pharmaceutical
Society of Great Britain ; Fellow of Downing
Coll. Cambridge; Demonstrator of Physiology,
Cambridge, 1885-87; author of ‘A Manual of
Botany,’ ‘ The Soluble Ferments and Fermenta-
tion,’ etc. (J. R. Gb.)

GREENE, General Francis Vinton

;

Major-General U.S. Volunteers in the Spanish-
Anerican War; President New York State
Canal Commission; author of ‘The Russian
Army and its Campaigns in Turkey,’ ‘Life
of Major-General Nathaniel Greene,’ ‘The
Mississippi Campaigns of the Civil War,
etc, (P. V. G.)

GREEN!)^ Thomas L.j Manager of the
Audit Company of New York; author of
‘ Corporation Finance,’ etc, (T, L. G.)

GREENHILL, Alfred George, M.A.,
F.B.S. ; Prof, of Math., Ordnance Coll. Wool-
wich ; author of ‘ Hydromechanics ’ in Ninth
Edition of ‘Ency. Brit.,’ ‘Differential and
Integral Calcnlus with Applications,’ ‘A Chap-
ter in the Integral Calculus,’ ‘Applications of
Elliptic Functions,’ ‘ Hydrostatics.’ (A. G. G.)

GREENOUGH. John, B.A ; banker and
fluancier, New York, < (J. Gh.)

GREEI9WOOD. Frederich : originator and
first editor of ‘Pall Mall Gaz^te’ and the ‘St
Jaxaes’s Gazette* ; author 0# ‘Louis Napoleon

Bonapaite,’ ‘Life of Napoleon the Third, ‘The
Lover's Lexicon,' ‘ Imagination in Dreams ’

(P. G.)

GREENWOOD, Thomas : author of
‘PubUc Libraries,* ‘The Library Year-book,'
^tc, (T. Gd.

GREGO, Joseph, English Art Critic and
Writer ; author of ‘ A History of Parliamentary
Elections,' ‘A History of Dancing,’ ‘Thomas
Rowlandson,’ ‘James Gillray,’ etc. (J. Go*.

GRIERSON. Colonel James Moncrieff,
R.A., M.V.O. ; served as D.A.Q.M.G., Indian
Contingent, Egypt, 1882 ; as D.A.A and Q.M.G.,
Suakin, 1885 ; as I).A.Q.M.G., Hazara Expedi-
tion ; as A.A.G., Army Headquarters, S. Africa,
1900; as D.A.G., China, 1900-1901, on F.M.
Count Waldersee’s staff; Military Attach^,
Embassy, Berlin, 1896-1900 ; Chief Staff Officer,
2ncl Army Corps, 1901 ; Knight of Grace of
St John of Jerusalem

; Commander of 2nd
Class of Prussian Royal Crown (with star),
Red Eagle, and Saxon Albrecht orders

; author
of * Armed Strengths of Armies of Russia, Ger-
many, and Japan,’ ‘ Staff Duties in the Field,*"
‘ Handbook of the Russian Army.’ (J. M. Gb.)

GRIFFITH, Francis Llewelyn, M.A.;
Reader in Egyptology, Oxford University;
editor of ‘Archaeological Survey of Egypt,'
‘The Royal Tombs of the First Dynasty,’
etc. (F. Ll. G.)

GRIFFITHS, John G. ; Fellow of the Inst,

of Chartered Accoimtants, and President of
same, 1897-99. (J. G. Ge.)

GRIFFITHS, Major Arthur George
Frederick | H.M. Inspector of Prisons,
1878-96

; formerly editor of * Army and Navy
Gazette’; editor of the ‘Fortnightly Review,’
1884, the ‘World,’ 1895; author of ‘Prison
Discipline’ in Ninth Edition of ‘Ency. Brit.,'

‘Memorials of Millbank,’ ‘Secrets of Ihe
Prison House,’ ‘ Mysteries of Police and
Crime.’ (A. G.)

GRUEBER, H. A., F.S.A. ; Assistant
Keeper of Coins and Medals, British Museum

;

editor of ‘Medallic Illustrations of the History
of Great Britain and Ireland,’ ‘Roman Medal-
lions in the British Museum,’ etc. (H. A. G.)

GULLAND, George Lovell, M.A., M.D.,
P.R.C.P. Edin.

;
Fellow and late President of

Royal Med. Soc., Edin. (G. L. G.)

GUNTHER, Albert Charles Lewis
Gotthllf, M:a., M.D., Ph.D., P.R.S. ; Keeper
of Zoological Department British Museum;
author of ‘Plying Fish,’ ‘Ichthyology,’ ‘Lizard,’

‘Mackerel,’ etc., in Ninth Edition of ‘Ency.
Brit.,’ ‘Catalogues of Colubnne Snakes, Batia-
chia salientia, and Pishes in the British
Museum,’ ‘Reptiles of British India,’ ‘Pishes
of Zanzibar,’ ‘Reports on the “Challenger”
Fishes,’ etc. (A. Gu.)

H
HADCOCK, A. G., late R.A. ; manager of

Gun Dept., Elswick
;

part-author ‘ Modem
Artillery,’ etc. (A. G. H.

HADLEY, Arthur Twining, LL.D. ; Pres.

Yale University; joint -editor of the New
Volumes of the ‘Ency. Brit.’; part -author of

‘Railway’ in Ninth Edition of ‘Ency. Brit.,*

author of ‘Railroad Transportation,’ ‘Eco-
nomics,’ etc. (A. T. H.

HALDANE, John Scott, M.A., M.D., F.R.S.;
University Lecturer in Physiology, Oxford;
Fellow New College, Oxford; Metropolitan
Gas Referee, Board of Trade ; author of ‘Essays
in Philosophical Criticism,’ (joint-author) ‘ Blue-
book on the Causes of Death in Colliery Explo-
sions,’ a series of papers in scientific journals
and blue-books on the physiology of respira-

tion, and on the air of the mines, dwelling-

houses, etc. (J. S. H.)

HALE, Rev, Edward Everett, S.T.D.

;

author of ‘Everett’ in Ninth Edition of ‘Ency.
Brit.,’ ‘ Man without a Country,’ ‘ Life of James
Bussell Lowell, ’ etc. (E. E. H.)

HALE, George Sc.D. ; Professor of Astro-

. physics in the University of Chicago and
Director of the Yerkes Observatory, Williams

Bay, Wis. ; editor of the ‘ Astrophysical
Journal.’ (G. E. H.)

HALSEY, P. A- ; asst.-editor of the *Amencan
Machinist’ ; Memberofthe Am. Assoc, ofMech.
Engineers, and designer of Compressed Air

Machinery; author of ‘Slide Valve (Stears,

‘ Locomotive Link Motion,* ‘ Premium Plan or

Paying for Labour,’ etc. (]F.A.a}

HAMILTON. David James, M.B. Effin.,

F.R.O.S. Edm. ; Professor of Pathology, Aber-

deen; author of ‘Text-^Book of
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HAMIliTON; Sir Edward Walter.
K.G.B., K.C.V.O. ; Assist. Sec. H.M. Treastuy

;

author of * National Debt,’ etc. (E. W. H*.)

HAMIIiTON^ Adml. Sir Richard
Vesey, G.C.B.; served in Arctic Expedition,
1860-51, and 1852-1854 in search of Sir John
Franklin ;

in China, 1867, etc. (R. V. H.)

HAMMOND, John Hays, AM.; con-
sulting engineer of the Consolidated Gold
Fields of South Africa, British South Africa
Company, etc. (J. H. H*.)

HARMER, Sidney Frederic, D.Sc. (Camb.),
B.Sc. (Lond.), F.R.S., P.Z.S., F.G.S. ; Fellow
smce 1886 and assistant tutor since 1890 of
King’s College, Cambridge ; superintendent of
University Museum of Zoology; author of
papers on Zoological subjects; joint-editor

of the * Cambridge Natural History.’ (S. F. H.)

HARMON, Hon. Judson, LL.D. ; e::-

U.S. Attorney -General; sometime President
of the Ohio Bar Association. (J. Ha.)

HARMSWORTH, Alfred Charles;
principal proprietor of the ‘Daily Mail,’ the
‘ Evening News,’ etc. (A 0. H*.)

HARFEI^ William Rainey, D.D., LL.D.,
Ph.D. ; Pres. University of Chicago.

(W. R. H.)

HARRIS, Hon. Addison C., U.S. Minister
to Austria ; author of ‘ Indiana ’ in Ninth Edition
of ‘ Ency. Brit.* (A. 0. H.)

HARRIS, James Rendel, M.A, Litt.D.,

LL,D. ; ijniv. Lecturerm Palaeography, Camb.,
late Prof, at Johns Hopkins University ;

author
of ‘The Teaching of the Apostles and the
Sibylline Books,’ ‘Fragments of PliUo,’ ‘The
Origin of the Leicester Codex,’ ‘A Study of

Codex Bezae,’ ‘ The Apology of Aristides,’ ‘ Life

ofFrancis William Orossley’ ; editor ‘The Gospel
of the Twelve Apostles,’ etc. (J. R. Ha.)

HARRIS, Thomas, M.D., F.R.C.P. Ed. ; Hon.
Physician of Manchester Royal Infirmary,

and Lecturer on Diseases of the Respiratory
Organs, Owens College, Manchester ; author of

numerous articles on diseases of the respiratory

organs. (T. H*.)

HARRISON, Charles Cnstis, LL.D.;
Provost of the Umversity of Pennsylvania.

(0. 0. H*

)

HARRISON, Frederic, M.A; President of

London Positivist Committee ;
Fellow and

Tutor of Wadhara Coll., 1854-66 ; Hon. Fellow,

1899 ; member of Royal Commission of Trades
Unions, 1867-69 ; Secretary Royal Commission
for Digesting the Law, 1869-70; Professor of

Jurisprudence and International Law to Inns
of Court, 1877-89 ; Rede’s Lecturer, Cambridge,
1900; Vice-President Royal Historical Soc.,

author of ‘Social Statics—Comte’s Positive

Polity,* ‘The Choice of Books,’ ‘Oliver Crom-
well,’ ‘Victorian Literature,’ ‘William the
Silent,’ ‘ The Millenary ofKing Afred.’ (F. H*.)

HART, Charles Henry, Director of the
Pennsylvania Academy of Fine Ats, Phila-

delphia; author of ‘Philadelphia* m Ninth
Edition of ‘Ency. Brit.,’ ‘Portraits of Great
Americans,’ ‘ Turner, the Dream Painter,'
‘ William Morris,’ etc. (C. H. H*.

)

HART, Maj.-Gen. Sir Reginald Clare,
R.B., K.O.B., V.O. ;

commanding Quetta dis-

trict in India; assistant Garrison Instructor,

1874-78
;
Garrison Instructor, 1885-88 ; Director

Mihtary Education in India, 1888-96; Afghan
War, 1879 ; Ashantee Expedition, 1881 ; Egyptian
War, 1882 ;

commanded 1st Brigade Tirah Cam-
paign, 1897-98 ;

author of ‘ Renections on the

Art of War,’ ‘ Sanitation and Health.’ (R. 0. H.)

HASSERT, Dr K., traveller; intimately

acq^iiainted with the Balkan States and author

of numerous works of travel, etc. (K. H.)

HASTINGS, Charles S., Ph.D. ; Professor

of Physics, Sheffield Scientific School, Tale
University. (0. S. H.)

HASTINGS. E. J., Missj contributor to
‘ The Times ’ Gazetteer, (B. J. H.)

HAWKINS, Charles Ceesar. M.A.,
M.LE.E. ; author of ‘ The Dynamo,’ and ofmany
papers, such as ‘Armature Reaction,' ‘The
Theory of Commutation,’ etc. (0. 0. H.)

HAXTON, H. R., author of ‘The Adver-
tiser’s Manual,* ‘An Evening with “Punch,"’
etc. (EL R. H^)

S HEADXA.M, James Wycliffe, M.A; late

Fellow of King’s OoU., Cambridge ; author of

‘Bismarck,’ etc. (J. W. He.)

HEADIrAM, Walter George: Fellow of

King’s OoUege, Cambridge. (W. G. H.)

HEAWOCD, Edward, M-A, Librarian to

R.G.S. ; aided in settlement of Santal Colony
in Ben^ Duars, 1890-92 ; authorof ‘ Geqgrwhy
of Africa,’ etc. etc. (B. He. )

HEHNER, Ottoj Past President of the Society
ofPublic Analysts ; Public Analyst for Notting-
hamshire, the Isle of Wight, etc.

;
Chairman of

the London Section of the Society of Chemical
Industry, etc. ; author of works on Butter-
analysis, Acohol Tables, etc. (O. H*.)

HEINEMANN, Mrs William [‘ Kassandra
Vivaria’] ; authoress of ‘Via Lucis,’ ‘ The Garden
of Olives,* etc. (M. He.)

HEZkE-SHA-^ H. S., LL.D., F.R.S.,
M.I.C.B., M.I.M,B., Assoc. Inst. N.A

;
Senior

Whitworth Scholar, 1876; Harrison Professor
of Engineering in Univ. CoU., Liverpool.

(H S. H-S.)

HEIiMUTH, WilUam Tod, M.D., LL.D.;
Professor of Surgery and Dean of the Homoeo-
pathic and Medical College and Hospital, New
York, and President of the Colhns State
Homoeopathic Hospital; sometime President
of the American Institute of Homoeopathy and
the New York State Homceopatluc Medical ;

Society; author of ‘Treatise on Diphtheria,’
‘ System of Surgery,* etc. (w. T. H.)

HEMMING, Major Edward HueHes,
B.E., H.M. War Office. (E. H H.)

HENDERSON, Col. George Frances
Robert, C.B. ; Director of Military Intelli-

gence, South Africa ; for many years Director
of Military Art and History at the Staff College
author of ‘A Tactical Study of Fredericksburg,’
* Life of Stonewall Jackson,’ etc. (G. F. R. E-

)

HENDERSON, T. F. ; oneditorialstaff of the
Ninth Edition ofthe ‘Ency. Brit.’ (T. F. H.)

HENRICI, Olans F. M. E., Ph.D., LL.D.,
F.B.S. ; Professor of Mechanics and Mathe-
matics, City and Guilds of London Centi-al

Technical Coll., author of ' Geometry ’ (pure and
projective), ‘Projection,’ in Ninth Edition of
‘Ency. Brit.,’ ‘Skeleton Structures, especially

in their Application to the Building of Steel
and Iron Bridges,’ ‘ Congruent Figures,’
etc. (O. H.)

HENRV, Hoa. WiUiam Wirt, M.A. ; late

Pres, of the Vii^inia Hist. Soc. and of the Am.
Hist. Ass.; author and editor of the ‘Life,

Correspondence, and Speeches of Patrick
Henry,’ (W. W. )

HENSON, Herbert Hensley, B.D. ; Canon
of Westminster ; author of ‘ Light and Leaven,'
‘Apostolic Christianity,’ editor ‘Church Pro-
blems,’ etc. (H. H. H*.)

HERBERTSON, Dr A. J.; of the
School of Geography, Ashmolean Buildings,
Oxford, (A J. Bte.)

HERDMAN, WilUam Abbott, D.Sc.,
F.R.S. ; Prof, of Natural History, Univ. OoU.
Liverpool; assist, to Sir WyviUe Thomson in

‘OhaUenger* Expedition office; Demonstrator
of Zoology in Edinburgh, 1880 ; President Zo-
ological Section Brit. Ass., 1895 ; has (along
with others) established a Marine Biological
Station at Port Erin, Isle of Man ; author of
‘Tunicata’ in Ninth Edition of ‘Ency. Brit.,’

‘Report upon the Tunicata coUected during
the voyage of the “Challenger,”’ ‘The Fauna
of Liverpool Bay,’ ‘Oysters and Disease,’

etc. (W, A Hd.)

HERIU E. M,, General Manager Westlnghoase
Air Brake Company, Pittsburg. (E. M. He.)

HERVEV, Artbtxr; musical critic of the
‘Morning Post’ ; author of ‘ Masters of French
Music,’ etc. (A. He.)

HEWINS,WilliamAlbert Samuel, M.A.

;

Director, Liondon School of Economics and
Political Science, 1895 ; Tooke Professor of
Economic Science and Statistics at King’s CoU.
London, 1897 ; Member of the Senate of the
University of London; Hon. FeUow R. Hist.
Soc. ; Examiner in Political Economy in the
University of London, and in the Historical
Tripos, Cambridge ; Lecturer at Univ. CoUege,
Bristol, 1890; author of ‘English Trade and
Finance in the 17th Century, ’ etc. (W. A. S. E.

)

HIBBERT, Walter, AM.L0.E., F.1,0.,

F.C.S. ; Lecturer on Electro-Technology, Poly-
technic, Regent Street; author of ‘Notes on
Secondary Batteries,’ etc. (W*. Ex.)

HIGGINSON, Col.ThomasWentworth,
LL.D. ; author of ‘Atlantic Essays,' ‘Cheerful
Yesterdays,’ ‘History oftheUnited States/ ‘Bio-

graphy of WendeU Phillips,’ etc. (T. W. H.)

HIGGS, HENRY, LL.B., F.S.S.; clerk in

H.M. Treasury ; Sec. to the British Economic
Association and joint-editor of the ‘Economic
Journal’ ; Life Governor of University CoUege,
London ; ex-Member of Ootincil of Royal Stat.

Soc. ; Pres, of sections of Political Economy
and Statistics, Brit. Ass,, Dover, 1899 ; author
of ‘The Physiocrats,’ andmanyarticles. (H. H*.)

HIIiIi. E. P., M.LO.B. ; partner in Messrs. G.
H, Hill and Hons, engineers to the Corporation

of Manchester, etc, (B. P. H*.)

HIlaL, Iieonard Erskine, M.B., F.R.S.

;

Lecturer on Physiology, London Hospital;
Demonstrator of Physiology, Oxford University;
Assistant Professor of Physiology, Universitj
CoUege, London; Hunterian Professor Royal
CoUege of Surgeons, author of ‘The Physiology
aud Pathology of the Cerebral Circulation,'
‘Manual of Physiology.’ (L. E. H.)

HIIiL, Maurice, B.A
;

Barrister, Inner
Temple. (M. H^)

HI Ilia, Robert Thomas, U.S. Geo-
logical Survey ; formerly Professor of Geology,
University of Texas ; author of ‘ Texas ’ in Ninth
Edition of ‘Ency. Brit.,’ ‘Cuba, Porto Rico,
and other Islands of the West Indies.’ (R. T. E.)

KIIiliIER, Alfred Peter, M.D., B.A, C.M.

;

one of the Reform Prisoners at Pretoria, 1896

;

author of ‘ South African Studies,’ etc. (A P. H.)

HIME, Iiieut,.Col. H. W. li. ; Gold Medal
Roy^ Artillery Inst,, and Roy. United Service
Inst. ; Secretary Roy. Artillery Inst., 1880-86;
author of ‘Outlines of Quaternions,’ ‘Stray
MUitary Papers,’ ‘Lucian, the Syrian Satirist,’

etc. (H. W. L. H.)

HINTON, A. Horsley, editor of ‘The
Amateur Photographer*; author of ‘A Hand-
book of Illustration,’ ‘Practical Pictorial

Photography,' etc. (A. H. H.)

HIPKINS, Alfred James, F.S.A. ; member
of Council and Hon. Curator of R. C. of Music

;

engaged in Messrs Broadwood’s pianoforte
business since 1840 ; Member of Committee of
the Inventions and Music Exhibition, 1885, of
the Vienna Exhibition, 1892, and ot the Paris
Exhibition, 1900; author of ‘Harp,’ ‘Lyre,’

‘Pianoforte,’ in Nmth Edition of ‘Ency, Brit.,’

‘Musical Instruments,’ ‘A Description and
History of the Pianoforte,’ etc. (A. J. H.)

^HOBBES, John Oliver^ (Pearl Mary
Teresa Craigie) ; anther of ‘ Some Emotions and
a Moral/ ‘A Study in Temptations,’ ‘ The Gods,
Some Mortals, and Lord wickenham,’ ‘School
for Saints,’ ‘Robert Orange,’ ‘The Serious
Wooing,’ ‘The Ambassador,’ ‘The Wisdom of

the Wise,* etc. (P. M. T. 0.)

HOBSON, Ernest W., D.Sc., F.R.S. ; FeUow
of Christ’s Coll. Cambridge; University Lecturer
in Mathematics. (B. W. H.)

HODGE, Frederick Webb, Bureau of
American Ethnology, Smithsonian Institution

;

managing editor ‘ American Anthropo^g^.*^
^

HODGKINSON, W. R, E-, F.R.S. Bdin.,
F.C.S., F.R.G.S.,, Pli.D. Wurzburg; Professor
of Chemistry and Physics, Ordnance Coll,,

Woolwich; late Professor of Chemistry and
Physics, R.M.A., Woolwich ; edited Valentine’s
‘ Practical Chemistry,’ etc. (W. R. E. E.)

HOFFER, Leopold j
chess editor of the

‘ Standard"* {London) ; author of ‘ Ohes.s,’

etc. (L. H.)

HOFMAN, Heinricli O., E.M., Ph.D.

;

Professor of Metallurgy, Massachusetts Insti-

tute of Technology. (H. 0 .' H.)

HOGARTH, David George, M.A., Fellow
of Magdalen College, Oxford; explored Asia
Minor, 1887, 1890, 1891, 1894; excavated at

Paphos in Cyprus, 1888 ;
appointed by Egypt

Exploration Fund, 1893 ; Special Correspondent
for ‘The Times’ in Crete and Thessaly, 1897;
Director, British School at Athens, 1897-1900

;

Director, Cretan Exploration Fund, 1899

;

author of ‘A Wandering Scholar in the
Levant,’ ‘Philip and Alexander of Macedon/
‘ The Nearer East/ etc. (D. G- H.)

HOLDEN, Prof. Edward Singleton,
Sc.D., LL.D. ; Director of the Lick Observa-
tory, 1887-97; Member National Academy of

Sciences ;
Associate RoyalAstronomical Society

of London, Astronomical Society of France,

etc. ; author of ‘ Astronomy for Students,’

‘Life of Sir Wm. Herschel,’ ‘Nebula of

Orion/ etc. (E- S. H.)

HOLDICH, Col. Sir Thomas Htoiger*
ford, R-E. (retired), K.O.I.B., C,B. ;

Abyssinia,

1867; Afghan War, 1878-80; also served on
political duty with Afghan Boundary Com-
mission, 1884-86 ; Supt. P^ontier Surveys, India,

1892-98; Asmar Boundary Commission, 1894;
PamirCommission, 1895 ; asH.M. Commissioner
for Perso-Beluqh Boundary in 1896 ; author of
‘ Kandahar,’ in Ninth Edition of ‘ Ency. Brit.,’

‘The Indian Borderland,' various papers on
military surveying, etc. (T. H. H*.)

HOLLAND, Hon. Sydney, LL.D. ; Presi-

dent of the Life Saving Society of England

;

Chairman of the London Hospital; Knight
of Grace of the Order of St John of

Jerusalem. (S* H^)

HOLLINGSHEAD, John, staff of ‘House-
hold Words/ under Charles Dickens ; staff of

Oornhill Magazine, under W. M. Thackeray,
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‘Good Words,’ under Dr Norman Macleod,
‘ Daily News,' etc. ; founded Gaiety Theatre,

1868 ; Theatrical Licensing Reform, 1866 and
1892 ; Copyright Reform, 1874 ;

author of ‘ Plain

English,’ ‘ Underground London,' ‘ Ragged Lon-
don,’ ‘According to My Lights,’ etc. (J. Hn.)

HOliROYD^ diaries, P.R. Soc. Painter

Etchers ; Keeper National Gallery of British

Art (Tate Gallery) ;
assistant to Professor

Legros, Slade School of Art, for four years

;

author of ‘Michael Angelo and His Worhs,’
‘ Etchings,’ etc. (C. Hn.)

HOOPER, Pranltliii A.B. ; assistant

editor of ‘The Century Dictionary.’ (F. H. H.)

HOOPER, Wynnard, M.A., author of ‘Popu-
lation,’ ‘Statistics,’ ‘Suicide,’ in the Ninth
Edition of the ‘ Ency. Brit.’ (W. Ho.)

HOPKINSON, S. R. (S. D. H.)

HOSE, C., LL.D., D.Sc. ; Resident in the Boram
District, Sarawak; author of ‘A Descriptive
Account of theMammals of Borneo, ’ etc. (0. H.)

HOUGHTON, A. E. : Correspondent of the
‘ Standard ’ in Spain. (A. E. H.)

HOUSMAN, liaurence, author of ‘The
Writings of William Blake,* ‘Arthur Boyd
Houghton,’ ‘ Green Arras,' etc. ; illustrated

‘ Gohlin Market,’ ‘The End of Elfintown,’ ‘The
Were Wolf,’ “‘Jump to Glory” Jane,’ ‘The
Sensitive Plant.’ (L. Ho.)

HOWE, Henry Marion, A.M. ; Professor of
Metallurgy, Colmnhia University, New York;
Past President Am. Institute of Mining
Engineers ; President Jury of Mines and
Mining, World’s Columhian Exposition; Bes-
semer Medallist, British Iron and Steel Inst.,

and Gold Medallist, Franklin Inst, of Phila-

delphia, 1895 ; author of ‘Metallurgy of Steel,’

‘Copper Smelting,’ etc. (H. M. H.)

HOWEliIi, Hon. Clark; editor of ‘The Con-
stitution, Atlanta, Georgia. (0. Ho.)

KOWEliIi, William H., Ph.D., M.D. ; Dean
of the Medical Facultyand Professor of Physio-
logy, Johns Hopkins University. (W. H. H.)

HUBBARD, Wilfranc. (W. Hn.)

HUDSON, James Fairchild, editor of the
‘Pittsburg Dispatch’; author of ‘Railways of
the Republic,* etc. (J, P. H.)

HUGHES, Rev. Hugh Price, M.A. ; Pres.
Wesleyan Conference, 1898 - 99 ; editor of
‘Methodist Times ’

;
Past Pres, of National

Council of Evangelical Free Churches
;
author

of ‘Social Christianity,* ‘Ethical Christianity,’

etc. (H. P. H.)

HUGHES, Rupert, A.M. ; formerly assistant
editor of the ‘Criterion,’ New York; author
of ‘American Composers,’ ‘Gyges Ring,’
etc. (R. Hu.)

HUIiZi, Commander Thomas A., R.N.,
F.R.G.S. ; employed in the search for Sir John
Franklin, survey of Palestine, Corfu, etc.

;

late Superintendent of Admiralty charts

;

author of ‘Practical Nautical Surveying';
editor and reviser ‘The Pilot’s Handbook for the
English Channel,’ and ‘The Practice of Naviga-
tion and Nautical Astronomy,’ etc. (T. A. H.)

HUMMEIi, J. Jy F.I.O. ; Professor of Dyeing,
Yorkshire Coll., Leeds

;
author of ‘The Dyeing

of Textile Fabrics.’ (J. J. H.)

HUNT, Rev. William, M.A. ; examiner in
History, 1877 to 1880, Oxford ; author of * The
English Church, 597 to 1066,’ ‘The Church of
England in the Middle Ages ’

; editor with B. A.
Freeman of ‘Historic Towns,’ etc. (W. Hu.)

HUNT, Hon, William H., Governor of
Porto Rico

; sometime Justice of the Supreme
Court of Montana. (W. H, H*.)

HUNTER, Sir Robert, M.A. ; Solicitor to
the Post Office ; author of ‘ The Preservation
of Open Spaces and of Footpaths and Other
Rights of Way.’ (R. H*.)

HUNTER, Walter, M.I.G.B., M.T.M.E,;
engineering director of the Grand Junction
Water Works Co., and joint engineer of the
Staines Reservoir Joint Committee. cw. H^)

HUTCHINSON, Horatio Gordon, B.A.;
amateur golf champion, 1886-87; author of
‘Golf’ in Badminton Library, ‘Creatures of
Circumstance,’ * The Book of Golf and Golfers,’
1899. (H. G. H.)

HUTTON, Rev. Arthur Wollaston,
M.A. ; Rector of Spridlington, 1873-76 ; received
into Roman Catholic Church by Dr Newman,
1876 ; resumed clerical functions in the Church
of England, 189$; author of ‘Our Position#as
Oathofics in the Church of England,’ ‘The
Ah^canMinistry/ * Cardin^Manning ’

; edited
Aaciiur Young’s < Tour in Ireland,’ 1892, Mait-

‘Ej^says on the Reformation,’ Newman’s
* DiVea ofthe English Saints,’ etc. (A W. Hu.)

I

IDE, Hon. Henry Olay, Member of U.S.
Philippine Commission ; formerly U.S. Com-
missioner to Samoa, and later Chief Justice of
Samoa. (H. 0. 1.)

IEBERT, Sir Courtenay Pere^ine,
K.C.S.I., C.I.B. ; Clerk of the House of Com-
mons ; formerly Pari. Counsel to the Treasury,
1899-1902 ; Legal Member of Council of Gover-
nor-General of India, 1882-86 ; Assistant Pari.

Counsel to the Treasury, 1886-99; Member
of Statute Law Committee ; author of ‘ The
Government of India,’ ‘Legislative Method and
Forms,’ (0. P. I.)

INAMA-STERNEGG. Karl Theodor
von ; Professor of Political Science, Vienna

;

President of the Austrian Royal Statistical
Central Commission ; author of ‘ Outlines ofGer-
manic Philology,’ ‘Economy,’ etc. (K. T. I.-S.)

IRVINE, William Ferj^sson^ Hon. Sec.
Record Society of Lane, and Chesh., author
of ‘ Notes on the Ancient Parish of Bidston’

;

editor ‘ Liverpool in King Charles II.’s Time,’
etc, (W. P. I.)

J
JACKS, Rev. E. P. (L. P. J.)

JACKSON, Eleut.-Col. Eouis, R.E. ; late
instructor in Fortification, B.M.A, Woolwich

;

instructor in Fortification and Military En-
gineering, School of Military Engineering, Chat-
ham; Assoc. Memb. of Ordnance Committee,
etc. (L. J.)

JACOB, Francis, M.I.E.E., P.P.S. Lond.

;

chief electrician to Messrs Siemens Bros, and
Co. (F. Ja.)

JAMES, Edmund Janes, A.M., Ph.D.
;
Pre-

sident North-Western Umversity; late Pro-
fessor of Public Administration and Director of
the Extension Division, University of Chicago

;

past Pres. Am, Acad, of Political and Social
Science; author of *0ur Legal Tender Deci-
sions,’ ‘The Education of Business Men,’
etc. (B. J. J.)

JAMES, Lionel ; War Correspondent of ‘The
Times ' in South ^ca. (L. J^)

JAMIESON, Georgy C.M.G.; Director of the
Pekin Syndicate and Yangtse Valley Company

;

Consul and Judge of Supreme Court, Shanghai,
1891 ; Consul-Gen., 1897-99 ; author of various
papers on the Revenue and Statistics of China

;

prize essay on Bimetallism. (G. J.)

JEB:)^ Sir Richard Claverhouse, Litt.D.,
D.C.L., LL.D., M.P.

; Regius I^ofessor of
Greek, Camh. ; Hon. Professor Ancient History,
Roy. Acad., since 1898; Fellow and Lecturer
of Trinity College, 1863 ; Public Orator of the
University, 1869; Professor of Greek, Univer-
sity of Glasgow, 1875-89; Lecturer at Johns
Hopkins Universi^, Baltimore, 1892 ; Member
of Royal Commission on Secondary Education,
1894 ; of Royal Commission on Irish University
Education, 1901 ; Member of Consulting Com-
mittee of Board of Education, 1900 ; Fellow of
London University, 1897 ; Member of London
University Commission, 1898; Bampton Lec-
turer, 1899; author of ‘Aristophanes,’ ‘Demos-
thenes,’ ‘Euripides,’ etc., in Ninth Edition of
‘Ency. Brit.,’ ‘Sophocles/ ‘Electra’ in Catena
Classicomm, ‘Ajax,’ ‘Characters of Theophras-
tus,’ ‘Attic Orators,’ ‘Modem Greece,’ 1880;
‘Bentley,’ ‘Sophocles/ with Critical Notes,
Commentary, and Translation ;

‘ Humanism in
Education,* etc. (R. C. J.)

JEFFERSON^ Joseph, LL.D.
; actor; author

of ‘Autobiography/ etc. (J. J*

)

JEKEEFALUSSY, Jdzefvon Jekel-und
Margitfalva, Dr. Juris, the late ; Director-
General of the Royal Hungarian Statistical
Bureau ; Member of the Royal Hungarian Aca-
demy of Sciences ; edited ‘ The Minp.nniiTnr) of
Hungary and its People,’ etc. (J. Je.)

JENKS, Jeremiah Whipple, Ph.D.; Pro-
fessor of Political Science, Cornell University

;

Member of the IT.S. Committee to investigate
Trusts ; author of ‘Henry C. Carey,’ ‘Road
Legislation for the American State,’ and numer-
ous magazine contributions in Germany, Eng-
land, and the United States. (J. W. J.)

JENKYNS, Sir Heur:^ the late, K.O.B.

;

Parliamentary Counsel to Treasury. (H. Jb.)

JERVIS.SMITH, Rev. Frederick J.,
H.A., P.R.S. ; University Lecturer in Me-
chanics; Millard Lecturer, Trinity College,
Oxford ; Member of Com. on Explosions, Home
Office, 1895-96 ; received Medal iSrench Exhibi-
tion for Dynamometer

; silver medial Inventions
Exhibitions for Integrator. (F. J. J, -S.

)

JEUNE, Rt. Hon. Sir Francis Henry,
K.C.B., K.B. ; appointed a Judge of the High

Court, 1891 ; President of Probate, Divorce,
and Admiralty Division; Judge-Advocate-Gen.

.

1892. ® (P. H. J.)

JEUNE, Lady ; contributor to leading reviews
and magazines ; author of ‘ Lesser Questions,*
etc. (M. J.)

JOHNSTON, Sir Harry Hamilton,
G.C.M.G., K.C.B.

; Special Commissioner, Com-
mander-in-Ghief and Consul-General for Uganda
Protectorate ; explored Portuguese West Africa
and River Congo, 1882-83

; commanded Scientific
Expedition of Royal Society to Mt. Kilimanjaro,
1884; H.M. Vice-Consul in Cameroons, 1885;
Acting Consul in Niger Coast Protectorate,
1887 ; Consul for province of Mozambique,
1888 ; expedition to Lakes Nyasa and Tangan-
yika (founding ofthe British Central Africa Pro-
tectorate), 1889; author of ‘ River Congo,’ ‘ Kili-
manjaro,’ ‘History of a Slave,* ‘Life of Living-
stone,’ ‘ British Central Africa,’ etc. (H. H J.)

JORDAN, David Starr, Ph.D., LL.D.

;

President of Leland Stanford Junior University;
sometime Assistant to the U.S. Fish Commis-
sion, and Professor of Zoology, and President of
Indiana University ; Commissioner and Expert
for the United States to investigate the Fur
Seal Question, 1896-97 ; author of ‘ Vertebrate
Animals of Northern U.S.,’ ‘ Fisheries of North
and Middle America,’ ‘Factors of Organic
Evolution,’ etc. P S. J.)

JORDAN ^Richard :DraughtsChampion ofScot-
land, 1896, and of the World since 1896. (R. J.)

JUDSON, Harry Pratt, A.M., LL.D.
; Pro-

fessor of Political Science, and Dean of the
Faculties of Arts, Science, and Literature,
University of Chicago ; author of ‘ Europe
in the Nineteenth Century,’ ‘Growth of the
American Nation,’ etc. (H. P. J.)

K
KAN, C, M,; Professor of Geography, Uni-

versity of Amsterdam; author of ‘Holland’ in
Ninth Edition of the ‘Ency. Brit.,’ ‘ A History
of Discoveries in the Indian Archipelago,*
editor ‘The International Colonial Review,*
etc. (0. M. K.)

KARAGEORGEVITCH,
Prince ; artist and art critic.

Bojidar,
Cb.k.5

KEANE, Augustus Henry, F.R.G.S.;
Emeritus Professor of Hindustani, Univ. ColL
London; late Vice-President Anthrop. In-
stitute; author of ‘ Kirghiz,’ ‘Soudan,’ ‘Somali/
‘ Yoruba,’ etc., in Ninth Editionof ‘Ency. Brit.*

Stanford’s ‘Asia,’ ‘Africa,’ ‘Ethnology,* ‘Man,
Past and Present,’ etc. (A. H. K.)

KEESEY, C- H.jPresidentofthe Title Guaranty
and Trust Company, New York. (0. H. K)

KEETIE, John Scott, F.S.S., F.S.A.
^cot.), LL.D. St Andrews

; Seer. Royal
Geog. Soc. ; Knight of Swedish Order of
North Star, 1898 ; Hon. Memb. Geographical
Societies of Paris, Berlin, Rome, Brussels,
Amsterdam, Geneva, Lisbon, Buda-Pest, Phila-
delphia, etc. ; for several years sub-editor of
‘ Nature ’

; inspector of geographical education,
R.G.S., 1884 ; Librarian R.G.S., 1885 ;

President
Geographical Section, Brit. Ass., 1897 ;

author
of ‘Finland,’ ‘Sir John Franklin,’ etc., in
Ninth Edition of ‘ Ency. Brit.,* ‘ History of
Scottish Highlands and Clans,’ ‘Applied Geo-
OTaphy,’ ‘The Partition of Africa’; editor of
‘Statesman’s Year Book* since 1880; editor
of the ‘Geographical Journal’; joint-editor of
‘World’s Great Explorers’ Series, and ‘The
Systematic Atlas.' (J. S, K.)

KEMPE, Harry Rober^ A.M.I.C.E.,
M.I.E.B. ; princiml technical officer, Postal
Telegraph Dept., England; author of ‘Hand-
book of Electrical Testing,’ ‘The Electrical

Engineer's Pocket Book,* ‘ The Engineer’s Year
Book,’ etc. etc. (H. R. K.)

KENNEDY, Sir Charles Malcolm,
K.O.M.G., O.B. ; Head of Commercial Depart-
ment, Foreign Office, 1872-93 ; Lecturer on In-
ternational Law, Univ, Coll. Bristol ; Commis-
sioner in the Levant, 1870-71 ; at Paris, 1872-86

;

Plenipotentiary, Treaty of the Hague, 1882;
author of ‘Kennedy’s Ethnological and Lin-
guistic Essays * (editor), ‘ Diplomacy and Inter-

national Law.’ (0. M. K*.)

KENNEDY, Hon. Sir William Bann;
Judge of the King’s Bench Division of the
High Court of Justice; Fellow, and after-

wards Hon. Fellow of Pembroke Coll.

Camb. (W. R. K.)

KEYNES, John Neville, M.A., D.Sc.; Uni-

versity Lecturer in Moral Science, Cambridge,

1884 ; Member of the Council of the Senate of

the University ofCambridge ;author of ‘ Studies

and Exercises in Formal Logic/ ‘Scope and
Method of Political Economy.* (J. N. K.)
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KHNOPPP, Pemand: chevalier de I’ordre
de Leopoldj de St Michel de Bavi^re ; Vice-
Pres. de Cercle artistiqxie et litt6raire de
Bruxelles, etc. (F. K*.)

KIDD , Benjamin 5
formerly ofInland Eevenue

Department; author ot ‘Social Evolution,’ 1894
(translations : German, 1895 ;

Swedish, 1895

;

French, 1896; Russian, 1897; Italian, 1898;
Czech, 1900; Danish, 1900); The Control of the
Tropics, 1898. (B. K*.)

KIRK^ XSdward C., D.D.S. ; Dean of the
Department of Dentistry, and Professor of
Clinical Dentistry, University of Pennsylvania

;

Member ofthe National Dental Association and
the American Academy of Dental Science;
editor of ‘ The American Text-book of Operative
Dentistry,’ and of ‘The Dental Cosmos’
Magazine. (E. C. K.)

KNIGHT^ Major Jolm G. T}., Corps of
Engineers, U.S.A., A.M. ; Commandant U.S.
Engineer School; in charge of U.S. Engineer
Depot, 1895-1901, of Torpedo Defence, E
entrance N.T. Harbour, 1898-1901 ; on Board of
U.S. Torpedo System, 1896-1901. <J. G. D. K.)

KNOTT^ Cargill Gilstoiij D.Se. ; Lecturer
on Applied Mathematics, Edinburgh Uni-
versity; Assistant to Professor of Natural
Philosophy, Edinburgh University, 1879-83;
Prof, of Physics, Imperial University, Japan,
1883-91 ; conducted Magnetic Survey of Japan,
1887 ; awarded Keith Prize (Roy. Soc. Edin.)
for work on magnetic strains, 1897 ; author of
‘ Ice,* ‘ Pneumatics,’ in Ninth Edition of
‘Ency. Brit., ‘Physics,’ etc. (0. G. K.)

KNOWIiING, Ricbard Jolin, D.D. ; Pro-
fessor of New Testament Exegesis m King's
College, London, 1894 ; Fellow, 1899 ; Examiner
for Hall-Honghton Prizes at Oxford, 1897,
and in Theology at Durham, 1895-96; Select
Preacher at Cambridge, 1895; author of
‘ Witness ofthe Epistles,’ ‘ Acts ofthe Apostles,’
etc. (R. J. K*.)

KORBN. Jolm
;
author of ‘ Economic Aspects

of the Liquor Problem,’ etc. (J. K.)

KRAUS, Professor Dr F. X., the late;
Professor of Ecclesiastical History at the Uni-
versity of Freiburg in Bresigau. (P. X. K.)

KROPOTKIN, Prince Peter Alexei-
vitclxj Gold Medal of Russian Geographical
Society, 1864; crossed North Manchuria from
Transbaikalia to the Amur, 1864 ;

Secretary to
Physical Geography Section of Geographical
Society; author of ‘Lithuanians,’ ‘Nijni-
Novgorod,’ ‘NovaEembla,’ ‘Poland,’ ‘Siberia,’
‘ Tomsk,’ ‘ Warsaw, * etc., in Ninth Edition of
‘Ency. Brit.,’ ‘General Sketch of the Oro-
graphy of East Siberia,’ ‘In Russian and
French Prisons,' ‘Recent Science in Nine-
teenth Centu^,’ ‘The State, its Part in His-
tory,’ ‘ Memoirs of a Revolutionist.’ CP- -A- K-)

L
liABBR, Alphonse, Docteur 6s sciences ;

chief

of the Laboratory of Zoology, University of
Paris

;
author of * La Cytologie experimentale,’

* Reeherches zoologiques et biologiques sur les

parasites du sang des vert6hres,’ etc. (A. L*.)

liAMB, Horace, M.A., LL.D., F.R.S. ; Chair-

man of Convocation, and of the General Board
of Studies, Victoria University; Professor of

Mathematics, Owens Coll., Victoria Univ., Man-
chester; member of Council of the Royal
Society, 1894-96 ; President of the Manchester
Literary and Philosophical Society, 1899-1901

;

Fellow and Assistant Tutor, Trinity Coll.,

Camb., 1872-75 ; Professor of Mathematics,
University of Adelaide, 1875-85 ; author of

‘Motion of Fluids,’ ‘Hydrodynamics,’ ‘In-

finitesimal Calculus.’ (H. Lb.)

liANB-FOOIiB, Stanley, M.A., Litt.D. ; Pro-

fessor of Arabic at Trin. Coll. Dublin; em-
ployed in Coin Department of British Museum,
1874-92 ; sent by Government on archaeological

missions to Egypt, 1883, and Russia, 1886;
employed by Egyptian Goverpment on archaeo-

logical research at Cairo, 1895-97 ; corr. member
of the Imperial Russian Archaeological Society

;

lecturer at the Royal Institution, 1900 ; author
of ‘ Catalogue of the Oriental andindian Coins
in the Bntish Museum,’ ‘Lord Stratford de
Redcliffe,’ ‘B, W. Lane,’ ‘Saladin,’ ‘Histories

of the Moors in Spain,’ ‘ Turkey,’ ‘ The Barhary
Corsairs,’ ‘The Mahommedan Dynasties,’ ‘The
Mogul Emperors,’ ‘ Egypt in the Middle Ages,’
‘ Egypt,’ ‘ The Art of the Saracens of E^pt,’
‘Cairo,’ etc., edited ‘Lane’s Arabic Lexicon,'

‘Arabian Society in the Middle Ages,’ ‘ Life of

General Chesney.* (S. L.-P.)

liANBSSAN, J. M. A. de; Agr. de la

faculty de Medicine ; French Minister ofMarine

;

formerly Governor - General of Indo-China;
author of ‘La Tunisie,’ ‘L’expansion coloniale

de la France,* ‘ L’Indo - Chine, franQaise,’ ‘Du
Protoplasme v6g6tal,’ * La Mati6re, la Vie et les

6tre8 vivants.* (J. M. A. de L.)

IlANG, Andrew, M.A., LL.D. ; Hon. Fel-
low of Merton Coll., Oxford ; author of ‘Ap-
paritions,’ ‘Ballad,’ ‘Family,’ ‘Moliere,’ in
Ninth Edition of ‘ Ency. Brit.,' ‘ O.xford,’ ‘ Helen
of Troy,’ ‘Custom and Myth,’ ‘Myth, Ritual,
and Religion,’ ‘Life, Letters, and Diaries of
Sir Stafford Northcote,’ ‘ Pickle the Spy,*
‘The Book of Dreams and Ghosts,’ Translations
of ‘Odyssey’ (with Professor Butcher), and
‘Iliad’ (with Myers and Walter Leaf); ‘The
World’s Desire' (with Rider Haggard), ‘The
Making of Religion,* ‘The Companions of
Pickle,' *A History ofScotland from the Roman
Occupation,’ ‘Prince Charles Edward,’ ‘Magic
and Religion,* ‘The Mystery of Mary Stuart,’

etc. (A. L.)

LANG^ W. H., M.B., D.Sc. ; lecturer in
botany, Queen Margaret’s Coll., Glasgow;
author of ‘Memoirs on Morphology,’ ‘The
Development of the Higher Cryptogams,’
etc. (W. H. L.)

LANKBSTER. Edwin Ray^ M.A., LL.D.,
P.R.S. ; Hon. Fellow of Exeter Coll., Oxford

;

Correspondent of the Institute of France;
Director of the Natural History Department
of the British Museum; Fullerian Professor
of Physiology and Comparative Anatomy in
the Royal Institution of London, 1898-1900;
Fellow and Lecturer, Exeter Coll., 1872 ; Pro-
fessor of Zoology and Compar. Anat. Univ.
Coll., London, 1574-90 ; Regius Professor Natu-
ral History, Edinburgh, 1882; Linacre Pro-
fessor of Comparative Anatomy, Oxford, 1891-

1898; Royal Medallist Royal Society, 1885

;

Vice-President Royal Society, 1896; Founder
(1884), President (1892) Marine Biological
Association (Plymouth Laboratory) ; Corre-
spondent of the Institute of France; Corr.
Mem. Imp. Acad. Sciences, St Petersburg;
For. Mem. Royal Bohemian Society of Sciences,
of the New York Academy of Sciences, of
the Academy of the Lincei of Rome, of the
Royal Belgian Academy, and of the Academy of
Sciences of Philadelphia ; editor since 1869 of
‘ Quarterly Journal of Microscopical Science’;
author of ‘Hydrozoa,’ ‘Mollusca,’ ‘Mussel,’
‘Polyzoa,’ ‘Protozoa,’ ‘ Vertehrata,’ ‘Zoology,’
in Ninth Edition of ‘Ency. Brit.,’ ‘A Mono-
graph of Cephalaspidian Fishes,’ ‘Compara-
tive Longevity,' ‘Developmental History of
the Mollusca,’ ‘Degeneration,’ ‘The Advance-
ment of Science,* ‘Zoological Articles’; joint-
editor of ‘ Scientific Memoirs of Thomas Henry
Huxley.’ (E. R. L.)

XiARMOR. JoseplL. M.A., D.Sc., Sec.R.S.;
Fellow of St Johms CoU., Camb. ; Univer-
sity Lecturer in Mathematics ; Professor of
Natural Philosophy, Queen’s CoU., Galway,
and in the Queen’s University in Ireland, 1880-

1885, and formerly Fellow of the Royal Uni-
versity

;
Examiner in Mathematics and Natural

Philosophy in the Univ. of London; lately
President of the Cambridge Philosophical So-
ciety ; Treasurer of the London Mathematical
Society ; author of * iOIther and Matter,’ and
various Memoirs on Mathematics and
Physics. (J. L*.)

LAUGHTON^ John Knox, M.A.; Professor
Modern History, King’s ColL, London; Secre-
tary of the Navy Records Society ; served in
Baltic during the Russian War, 1854-55 ; in
China, 1856-59; afterwards in Mediterranean
and Channel ; Mathematical and Naval In-
structor, Royal Naval CoUege, Portsmouth,
1866-73; also at Greenwich, and lecturer on
Meteorology, 1873-85 ; Pres. R. Met. Soc. 1882-

1884; Honorary Fellow, Cains College, Cam-
bridge, 1895; author of ‘Farragut,’ ‘Fitzroy,*
in Ninth Edition of ‘Ency. Brit.,’ ‘Physical
Geography in its Relation to the Prevailing
Winds and Currents,’ ‘Studies in Naval
History,’ ‘Nelson and his Companions in
Arms,’ ‘Life of Henry Reeve,’ ‘Sea Fights
and Adventures,’ ‘Letters and Despatches
of Lord Nelson,’ ‘ Defeat of the Spanish
Armada.’ (J. EL L.)

LAWRENCE, Rt. Rev. WiUiam, D.D.,
S.T.D. ; Bishop of Massachusetts ; sometime
Professor of Homiletics and Pastoral Theology,
and Dean Episcopal Theological School, Cam-
bridge, U.S-A.; author of ‘Life of Amos A. Law-
rence,’ ‘Proportional Representation in the
House of Clerical and Lay Delegates,’ ‘ Visions
and Service.’ (W. L.)

IiAYARD, George S.; English art writer;
author of ‘Charles Keene,’ ‘Mrs Lynn Linton,’
‘ Portraits of Oruikshank by Himself,’ ‘ Tenny-
son and his Pre - Raphaelite Illustrators,’

etc. (G. S. L.)

liECLiiRE, Ii^on.; Professor of Universal
History and History of Philosophy, University
of Brussels. (L. L.)

LEE, Sidney, B.A., Litt.D. ; editor of Diction-

ary of National Biography arid Supplement

;

Clark Lecturer in English Literature, Trin.

Coll,, Cambridge, 1901 ; author of ‘ Stratford-

on-Avon from the Earliest Times to the Death

of Shakespeare,’ ‘Lord Herbert of Oherbury’s
Autobiography, with a continuation of his Life,'
‘A Life of WiUiam Shakespeare. ’ (S. L.)

LEE-WARNER, Sir William, K.C.S.L,
M.A.

;
Secretary lu the Political and Secret

Departments of the India Office ; Fellow of the
University of Bombay; entered Indian Civil
Service, 1869; political agent at Kolhapur;
Under-Secretary in Foreign Office of India;
Secretary to the Government of Bombay in

Political and Judicial Departments; Chief
Commissioner of Coorg and Resident in

Mysore; additional member of the Viceroy’s
Council

; served on Education Commission, the
Financial Commission, etc. ; author of ‘ The
Protected Princes of India,’ ‘The Citizen of
India.* (W. L.-W.)

LEGGE, J. G. ;
Chief Inspector of Reformatory

and Industrial Schools, Home Office. (J. G. L.)

LEGGEj Robin. H. ; editor of ‘Music in the
Nineteenth Century.’ (R. H. L.)

LEONARD, Rt. Rev. Abiel, A.M., S.T.D.

;

Bishop of the Diocese of Salt Lake. (A. Lk)

LEVEY, George Collins, C.M.G. ; London
Correspondent of ‘ Melbourne Age ’

; editor and
proprietor of ‘ Melbourne Heiuld,’ 1863-68

;

editor and contributor to ‘Melbourne Age,’
1869-81

;
Secretary to Commissioners for Vic-

toria at the Exhibitions in London, Paris,
Vienna, Philadelphia, Melbourne, 1873, 1876,

1878, 1880-81; Executive Commissioner, Am-
sterdam, 1883; Secretary Royal Commission,
Hobart Exhibition, 1894-95 ; Secretary Colonial
Adelaide Exhibition, 1887; Committee of Royal
Commission to Paris Exhibition, 1900; member
of Board of Advice to Agent -General of Vic-
toria; author of ‘Handbook to Australasia,’
‘ Australian Encyclopsedia.’ (G. C. L)

LEWES, Vivian B., F.I.C., F.C.S. ;
Professor

of Chemistry, Royal Naval College; Chief
Superintending Gas Examiner to the Corpora-
tion of the City of London. (V. B. L.)

LEWIS, Charlton T., Ph.D. ; President N.Y.
Prison Association, N.J. State Charities Aid
Association ; Chairman of Commission to revise
Penal Laws of New Jersey; Lecturer on Life
Insurance, Harvard and Columbia Universities,
and on Principles of Insurance, Cornell Uni-
versity; author of ‘History of Germany,’
Essays, Addresses, etc, (C. T. L.)

LEYLAND, Jobn: writer on naval ques-
tions. (J. Ld.)

LIAS, Rev. John Jame^ M.A. ; Professor
of Modem Literature, St David's Coll., Lam-
peter, 1871-1880 ; examining chaplain to Bishop
of Llandaff, 1887-98

;
Chancellor of Llaiidatf

Cathedral; author of ‘Science in Relation to
Miracles,’ ‘The Nicene Creed,’ *A Plea for
Rationality in Ceremonial, ’ etc. (J. J. L^.

)

LIDDELL, F. F., M.A ; Fellow of All Souls
College, Oxford ; Barrister, Lincoln’s Inn

;

editor of ‘Manual of Military Laws.* (P. F. L.)

LIGHTFOOT, T. B., M.I.C.B., M.l.M.B.

;

author of ‘ The Mechanical Refrigeration of Air,’
‘ Preservation of Foods by Cold,’ etc. (T. B. L.)

LILLIE, Arthur; champion Grand National
Croquet Club, 1872 ; author of ‘-Croquet,'
‘ Croquet Up to Date,’ etc, (A Li.)

LITTLEJOHN, Henry Harvey, M.B.,
B.Sc., P.R.C.S. Ed. ; Lecturer in Medical Juris-

prudence, School of Medicine of the Royal
College of Physicians and Surgeons of Edin-
burgh. (H. H. L.)

LLOYD, Lt.-Col. E. M., R.E. ; author of
‘ Vauban, Montalembert, Carnot : Engineer
Studies,’ etc. (E. M. L.)

LLOYD, Henry Demarest, author of

‘Wealth against Commonwealth,’ ‘Labor Co-
partnership,' etc. (H. D. L*.)

LOCH, Charles Stewart, B.A; Secretary

to the Council of the London Charity Organiza-

tion Society since 1875 ; Member Royal Com-
mission on Aged Poor, 1893-95; Dunkin Trust
Lecturer,, Manchester College, Oxford, 1896;
Vice-President Royal Statistical Society,

1894, 1895, 1897, 1901; author of ‘Charity
Organization,’ ‘ Old Age Pensions and Pauper-
ism.’ (O. S. L.)

LOCQCK, Col. Herbert, C.B. ;
retired

Colonel of Royal Engineers; Assist. Director

of Works at Headquarters, 1881-86; Depy.
Inspector- General of Fortifications at Head-
quarters, 1887-96. (H. Lo.)

LODGE, Oliver Joseph, F.R.S., D.Sc.,

LL.D. ; Principal of the University of Birming-

ham; Professor of Physics, University Coll.,

Liverpool, 1881-1900; author of ‘Elementary
Mechanics,' ‘Modem Views of Electricity,’

‘Pioneers of Science,’ ‘Signalling -without

Wires,’ etc. (O. J. L)

LORD, J. K., Professor of the Latin Lan-

[

guage and Literature, Dartmouth College,
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N.H. ; author of ‘New Hampshire' in Ninth
Edition of ‘ Bncy. Brit.’ (J. K. L*.)

IiOUlS. Prof- Henry, The Durham College

of Science, Newcastle-upon-Tyne, England;
author of ‘A Blandbook of Gold Milling,’

etc. (H. L*,)

LOUXS, Paul
j
French statistician ; staff of the

* Eevue Blanche. ’ (P. L.

)

liOVi:, Augustus E. H., M.A., F.RS.

;

Sedleian Professor of Natural Philosophy,
Oxford, since 1899 ;

Fellow of St John’s
CoU., Camb. ; University Lecturer in Mathe-
matics. (A. E. H. L.)

IiOW, A. P.
5

of the Geological Survey of

Canada ;
author of ‘ Report on the Exploration

in the Labrador Peninsula,’ etc, (A. P. Lo.)

LOW, Hon. Seth, LL.D. ; Mayor of New York
City; formerly President of Columbia Uni-
versity; Mayor of Brooklyn, 1881-85; Presi-

dent of the Archseological Institution of
America. (S. L*.)

LOW, Sidney James, M,A., L.C.O. ; Lecturer
on History, King’s College, 1883-86 ; editor of
the ‘ St James’s Gazette,’ 1888-97 ; co-editor of
the ‘Dictionary of English History’; author
of contributions to ‘Nineteenth Century,’
* Fortnightly Review,’ ‘ National Review,’
etc. (S. J. L.)

LOWE, Major P. M., R.A. ; Senior Ex-
perimental Officer, Shoeburyness, 1884 ; Asst.

Inspector, Army Inspection Dept., 1888

,

Gunnery Instructor, Brit. N. America, 1893;
Gunnery Instructor, Coast Defence School,

and Asst. Superintendent of Experiments at

Shoeburyness. (P. M. L*.)

LtJGARE, Brig.-Geu. Sir Frederick
John Dealtry, K.C.M.G., O.B., D.S.O.

;

High Commissioner ofNorthern Nigeria ; served
Afghan War, 1879-1880 ; Soudan Campaign, 1885

;

Burma Campaign, 1886-1887 ;
commanded ex-

pedition against slave traders on Lake Nyassa,
1888 ; employed by British East African Com-
pany; in command of Exploration of the
Sabakhi, and Administrator of Uganda, 1889-92 ;

employed by Royal Niger Company, 1894-95

;

West Oharterland, 1896-97 ; H.M. Commissioner
!Hinterland of Nigeria and Lagos, 1897-99;
Commandant of West African Frontier Force,

1897-99; author of ‘Our East African Em-
pire.’ (F. D. L.)

LUMMIS, Charles Fletcher, editor of the
‘Land of Sunshine’ magazine, Los Angeles,
California ;

author of ‘ The Bight Hand of the
Continent’ (California), and numerous publica-

tions dealing with the western and south-
western States ; formerly 'editor of the Los
Angeles ‘ Daily Times.’ (0. F. L.)

LUNGE, George, Ph.D.; Professor ofTechnical
Chemistry at the Polytechnic, Zurich ; author of
‘ Acid and Alkali Manufacture,’ etc. (G. L.)

LUSHINGTON, Sir Franklin, M.A., the
late; Chief Police Magistrate for London;
author of ‘ Wagers of Battle.’ (F. L*.)

LYALL, SirAlfredComyn, K.C.B., G.C.I.E.,
Hou. D.C.L. Oxford, and LL.D. Cambridge;
Member of Council of Secretary of State for

India since 1888 ; Lieut. -Gov. North-West
Provinces, India, 1882-87; author of ‘Briiash
Dominion m India,’ ‘Asiatic Studies,’ ‘Life of
Warren Hastings.’ (A 0. L.)

LYDEKKER, Richard, B.A, P.E.S., F.G.S.,
F.Z.S. ; Geological Survey of India, 1874-82

;

author of ‘Geology of l^shmir,’ ‘Catalogues
of Fossil Mammals, Reptiles, and Birds in
British Museum,’ ‘Phases of Animal Life,’

‘Royal Natural History,’ ‘A Manual of Palaeon-
tology ’ (with late Professor A. Nicholson), ‘ The
Great and Small Game of Europe, N. and W.
Asia, and America,’ ‘Descriptions of South
American Fossil Animals.’ (R. L*.)

LYNES, G. B. I, A.M. ; sub-editor of the New
Volumes of ‘Bncy. Brit’; formerly literary
editor of the ‘ Baltimore News,’ and instructor
in History and Acting Librarian, Union College,
Schenectady, N.Y. ; author of ‘A Syllabus of
Modem European History,’ etc, (G. B. L.)

LYONS, H. G. j Major R.E. ; Director of the
Survey Department, Egypt ; editor of *A Hand-
book of Travellers in Egypt;’ author of ‘Re-
port on the Island and Temples of Philae,’

etc. ^ G. L.)

M
HACAUSTER, Alexander, M.A, M;.D.,

D.Sc., LL.D., E.R-S., F-S.A ; Member ofSenate
of Royal University of Ireland ; Professor of

" ly^ Cambridge University, since 1883;
of St Jolm’s College; Professor* of

‘Introduction to Animal Morphology,’ ‘Mor-
phology of Vertebrate Animals,’ ‘Text-Book of
Human Anatomy,’ etc. (A. Ma..)

MacALISTER, Donald, M.A, M.D., B.Sc.,
F.R.O.P., Fellow and Senior Tutor of St John’s
Coll., Camb.; University Lecturer in Medicine

;

Physician to Addenbrooke’s Hospital; Umv.
Memb. and Business Chairman General Medical
Council; Chairman of British Pharmacopoeia
Committee ; Examiner in Medicine, Umv.
Birmingham, and E. Coll. Physicians, London

;

Hon. President International Congress of
Hygiene, Madrid, 1898 ; Lecturer in Natural
Philosophy, St Bartholomew’s Hospital, 1879

;

Goulstonian Lecturer, Royal College of Physi-
cians, 1887 ; first Croonian Professor, 1888

;

Thomson Lecturer, Aberdeen, 1889 ;
Examiner

Victoria Univ, 1896-98; author of ‘Ziegler’s

Pathological Anatomy,’ ‘Nature of Fever,’
‘ Advanced Study and Research in Cambridge,’
‘The Practitioner’ (with editorial committee),
‘ The British Pharmacopoeia,’ etc. (D. M*.)

MACAULAY, W. H., M.A ; Fellow and
Lecturer of King’s Coll., Cambridge

;
late

University Lecturer in Applied Mechanics,
Cambridge. (W. H. M.)

MacGOLL, D. S., M.A.; painter; art critic of
the ‘ Saturday Review.' (D. S. M.)

MacCORMAC, Sir William, Bt., the
late; President of the Royal College of
Surgeons, 1896-1901 ; Serjeant-Surgeon to King
Edward VII. (W. Ma.cO.)

MACDONELL, Jokn, C-B., LL.D. ; Master
of the Supreme Court ; author of ‘ The Law of
Master and Servant,’ etc. (J. Mt.)

MACFARLANE, J- s formerly assistant,
British Museum. (J. MT.)

MACGREGOR, Sir William, K.C.M.G.,
C.B., M.D. Aberdeen, B-Se. Camb., LL.D.
Aberdeen ; Governor ofLagos ; Resident Surgeon
and Resident Physician Glasgow Royal In-
firmary, and Royal Lunatic Asylum, Aber-
deen; Assistant Government Medical Officer,

Seychelles, 1873 ; Surgeon Civil Hospital, Port
Louis, Mauritius, 1874 ; Chief Medical Officer,

Fiji, 1876 ; late Receiver-General and Adminis-
trator of the Government, and Acting High
Commissioner and Consul-General for the
Western Pacific ; Administrator of British New
Guinea, 1888 ; Lieut.-Governor, 1895. (W. M‘G.)

MACKAY, T. ! author of ‘Methods of Social
Reform.’ (T. M*.)

M'KENBRICK, Jokn Gray, M.D., LL.D.
(Hon. Aberdeen), F.R.S., F.R.8. Bdin.,
r.B.C.P. ; Professor of Physiology Glasgow
University; Examiner in Physiology University
of London, Victona University, and University
of Birmingham; formerly Examiner in Univ.
Oxford and Camb.; FuUerian Professor of
Physiology at Royal Inst, of Great Britain;
one of the lecturers in connexion with the
Gilchrist Trust ; has served on the Council of
the Royal Society; member of Council of Royal
Society of Edinburgh; President of Physio-
logical Section of British Association ; author
of ‘Narcotics,’ ‘Sleep,’ ‘Smell,’ ‘Stammering,’
‘Stereoscope,’ ‘Taste,’ ‘Touch,’ ‘Voice,’ ‘Vas-
cular System,’ in Ninth Edition of ‘Ency.
Brit.,’ ‘ Animal Physiology,’ ‘A Text-Book of
Physiology,’ ‘Life in Motion, or Muscle
Nerve,’ ‘Physiology,’ ‘Life of Helmholtz,’
etc. (J. G. M.)

M^LAUGHLII^ Andrew Cunningham,
A.M., LL.B. ; I*rofessor of American History,
University of Michigan; author of ‘History
of Higher Education in Michigan,’ ‘Civil
Government in Michigan,’ ‘Lewis Cass,’

etc. (A. 0. M.)

MACMAHON, Major Percy Alexander,
R.A., Sc.D., F.R.S. ; Professor of Artillery,
Woolwich ; President of London Mathematical
Society, 1894-96 ; accompanied Government
Expedition to observe eclipse of sun, Norway,
1896 ; author of numerous papers on Pure
Mathematics, etc. (P. A. M.)

McMASTER, John Bach, Ph.D., LittD.

;

Professor American History, University of
Pennsylvania; author of *A History of the
People of the United States.’ (J, B. Mo M.)

McMillan, Walter G., F.C.S.,M.LM.M.;
Sec. Inst. Elect. Engineers; late lecturer on
Metallurgy, Mason Coil,, Birmingham ; author
of ‘A Treatise on Electro -Metallurgy,’ part
author of ‘Metals,’ translator of ‘Electric
Smelting and Refining.* (W. G. M.)

MACMORRAN, Alexander, K.O.,
A.M.I.C.E. ; became editor of ‘Justice of the
Peace,* 1879, and has so continued ; author ojf

editions of ‘ Lumley’s Public Health,* works on
‘The Public Health (London) Act, 1891,’ the
‘Local Government Act, 1888/ the ‘Local
Government Act, 1894,’ the ‘London Govern-
ment Act, 1899/ ‘Poor Law Orders,’ ‘Poor
Law Statutes,’ etc. (A. M‘M.)

Charles Alexander, M.A.
M.D., P.C.S., F.B.M.S.

; Hon. Pathologist and
Physician, Wolverhampton General Hospital;
author of ‘ The Spectroscope in Medicine,’^Out-
lines of Clinical Chemistry,’ etc. (0. A. Mac M.)

‘ ^ ^ ' William Symington,
M.A.

; Professor of Bnghsh Literature at Uni-
versity College, Dundee

; author of ‘ Lectures
on Literature,’ joint -editor of the Globe
‘Chaucer,’ etc. (W. S. M.)

McCRADY, Edward, President of the
Historical Society of South Carolina

; author
of ‘History of South Carolina under the
Proprietary Government,’ and ‘History of
South Carolina under the Royal Govern

-

(E. MoC.)
MWey, Frank L., Ph.D.

; Assistant Pro-
fessor of Political Science, University of
Minnesota. (p. l. M.)

MacWILLIAMi Robert, Professor at Gill
Coll., Somerset Bast, Cape Colony. (R. M‘W.)

MAGNUS, Sir Philip ; Superintendent of
Technological Examinations and Secretary
of Examinations Department, City and Guilds
of London Institute; organising Director and
Secretary of City and Guilds of London In-
stitute, 1880-88

;
member Royal Commission on

Technical Instruction, 1881-84 ; is Member ofthe
Senate and Fellow of the London University

;

Vice-President and Fellow of College of Pre-
ceptors; Member of the Mathematical and
Physical Societies ; author of ‘ Techmcal
Education ’ in Ninth Edition of ‘ Ency. Brit.,’

‘Lessons in Elementary Mechanics,’ ‘Hydro-
statics and Pneumatics,’ ‘Industrial Educa-
tion.’ (P. M*.)

MAITLAND, Frederic William, LL.D.,
D.C.L. (Oxford, Glasgow, Cracow); Professor of
EnglishLaw, Cambridge ;

ReaderofEnglish Law
at Cambridge, 1884; Corresponding Member
of Roy. Prussian Academy ; author of ‘ Justice
and Police,’ ‘ Bracton's Note-Book,' ‘History of
English Law’ (with Sir F. Pollock), ‘Domesday
Book and Beyond,’ ‘Township and Borough,’
‘Canon Law in England,’ etc. (P. W. M.)

MAITLAND, J. A. Fuller, M.A., F.S.A.

;

musical critic of ‘ Tlie Times
' ; author 6f * Life

of Robert Schumann/ ‘Masters of German
Music,’ ‘The Musician’s Pilgrimage,’ Spitta’s

‘Lite of Bach’ (joint-translation with Mrs
0. Bell); edited the Appendix to Grove’s
* Dictionary of Music and Musicians,’ ‘ English
County Songs ’ (with Miss L. B. Broadwood),
‘The Fitzwilliam Virginal Book' (with W.
B. Squire). (J. A. F. M.)

MANSON, EdwardJ Barrister, Middle
Temple; author of ‘Law of Trading Com-
panies,’ * The Law of Debentures and Debenture
Stock,’ ‘Practical Gmde to Company Law,’
etc. (E. Ma.)

MANSON, James Alexander 5
sub-editor of

the New volumes of the ‘ Ency. Brit.’ ; dramatic
critic, ‘Weekly Dispatch,’ 1890-92; literary

editor of the ‘ Daily Chronicle,’ 1891 ; author of
‘In Memoriam edition of Bums’s Poetical
Works,’ ‘Valour for Victoria,’ ‘Sir Edwin
Landseer’ (Makers of British Art Series),

etc. (J. A. M.)

MARKBY, Sir William^ K.C.I.E., D.C.L.

;

Fellow of All Souls College, Oxford, and of
Balliol College ; judge of High Court, Calcutta,
1866-78

;
Reader in Indian Law, Oxford, 1878-

1900; author of ‘Lectures on Indian Law,’
‘ Elements of Law considered with Reference to
General Principles of Jurisprudence.’ (W, Ma.)

MARKHAM, Sir Clements Robert,
K.O.B., F.R.S. ; President of the Royal *

Geographical Society, of the International
Geographical Congress, 1894-99, and of the
Hakluyb Society, and of the Geographical,
Elizabethan, and Royal Society Clubs ; entered
the Navy in 1844 ; served in the Arctic
Expedition of 1850-61; geographer to the
Abyssinian Expedition; Assistant Secretary
in the India Office, 1867-77; author of ‘Geo-
graphy’ (historical), ‘Peru,* ‘Polar Regions,’
in Ninth Edition of ‘Ency. Brit.’; ‘Life of
the Great Lord Fairfax,* * The Fighting Veres,’
‘ History of Pern,’ ‘ History of Persia,’ ‘ History
of the Abyssinian Expedition,’ Lives of
Columbus, John Davis, and Major Rennell, ‘ The
Paladins of Edwin the Great ’

; edited volumes
for the Hakluyt Society, the isavy Records
Society, the Roxburghe Club, etc. (C. R. M.)

MARSHAlLL, George M., Ph.B. ; Professor

of English Language and Literature, University

of Utah. (G. M. M.)

MARTEL, Major C. P., R.A. ; Sec. to the

OrdnanceCommittee ;
lateProfessor ofArtillery,

Ordnance Coll. (0. P. M.)

MARTIN, T. C.j editor of ‘Electrical World
and Ei^meer,’ New York. (T. 0. M.)

MARTIN, Capt. W. R,, R.N.; author of
‘A Treatise on Navigation and Nautical

Astronomy,' etc. (W. R. M*.)
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MARZIAIiS. Frank Thomas ; Accoimtaxit-
General of the Army since 1S9S ;

entered War
Office during Crimean war

; author of ‘Lives of
Dickens and Victor Hugo,’ collaborating also
in the ‘Life of Thackeray,’ ‘Life of Gambetta,’
etc. (F. T, M.)

MASKEliYNXS^ J. Nevil^ of the Egyptian
Hall, London ; author of ‘ Sharps and
Flats.’ (J. N. M.)

MASON, Otis Tnfton, A.M., Ph.D.
;
Cuiator

Ethnology, H.S. Hat. Museum, Washington;
author of ‘The Hupa Indians,’ ‘Woman’s
Share in Primitive Culture,’ ‘Cradles of the
North American Indians,’ ‘ The Antiquities of
Guadeloupe,’ etc. (0. T. M.)

MATHEWS, George Ballard, M.A,,
F.R.S .

;

late Professor of Mathematics, Uni-
versity Coll, of Wales

; formerly Fellow of St
John’s Coll., Cambridge

; author of ‘A Treatise
on Bessel Functions' (part), ‘Theoiy of
Numbers,’ etc. (G. B. M.)

MATTHEWS, Brauder, LL.B., D.C.L.,
A.M. ; Professor of English, Columbia Uni-
versity ; author of ‘ French Dramatists of the
Nineteenth Century,’ ‘ Introduction to the Study
ofAmerican Literature,’ ‘Aspects of Fiction and
Other Ventures m Criticism,’ etc. (B. M.)

MATTHEWt^ George Edward, A.B.

;

editor of ‘The Buffalo Express,* Buffalo,
N.Y. (G. B. M.)

MAURICE, Maj.-Gen. Sir John Fred-
erick, K.C.B. ; commanded Woolwich District,

1896-1901 ; Ashanti Campaign, 1878-74 ; South
Afinca, 1879; Zulu Campaign, 1880; Egyptian
Expedition, 1882 ; Intelligence Dept. War Office

;

Sudan, 1884; A.Q.M.G. ; Nile, 1885 ; Professor
of Military History, Staff College, Aldershot,
1892-93; commanding E.A, Colchester, 1893-

95; Maj.-Gen., Dec. 1895; author of ‘War,’
in Ninth Edition of ‘Ency. Bnt.,’ ‘Life of
Frederick Denison Maurice,’ ‘ Hostilitieswithout
Declaration of War,’ ‘!^lance of Military
Power in Europe,’ ‘War,’ ‘National De-
fences.’ (J. P. M*'.)

MAUS, Octave: editor of ‘L’Art Modeme,’
Brussels. (0. M*.

)

MAXWEEIa, WilUam H., A.M.I.O.E.;
Borough and Waterworks Engineer, Tunbridge
Wells Corporation; author of ‘The Removal
and Disposal of Town Refuse,’ ‘Destructors
and Steam Production,* etc. (W. H. Ma.)

MAYO-SMITHy Richmond, Ph.D., the
late ; Professor of Political Economy, Columbia
University, New York; author of ‘Emigration
and Immigration,’ ‘Sociology and Statistics,’

etc. (R. M.-S.)

MEAD, Hon. Elwood ; in charge of Irriga-

tion Investigations, U.S. Department of
Agriculture. (E. M* )

ME AKIN, Budgett, author of ‘The
Moorish Empire,’ etc. (B. M*.)

MEISSAS, Gaston }
memb. SociStS de '

G^ographie; author of ‘Marseilles,’ and (part)

of ‘Paris,’ in the Ninth Edition of the ‘Ency.
Brit.,* ‘Grands Voyageurs de notre Sifecle,’

etc, (G. Me.)

MERCATEIalil, liuigi, late war corre-

spondent in Abyssinia of ‘La Tribuna.’ (L. Me.)

MERRIFIEIiD, Webster, LL.D.; Presi-

dent and Professor of Political Economy, State
University of North Dakota. (W. Ms.)

MERRIXiXi, Hon. Frederick James
Hamilton, Ph.D.; Director of N.Y. State
Museum, Albany, N.Y.

,
N.Y. State Geologist;

Fellow Am. Ass. Adv. Science and GeoL Soc.
of America; Member Am. Inst, Mining En-
gineers, Am. Soc. of Naturalists, Nat. Geol.
See., etc. (P. J. H. M.)

MXDDI.ETON, R. E., M.I.O.E., M.I.M.B.

;

Fellow of the Sanitary lust., Fellow of Sur-
veyors’ Inst., etc. ; late Engineer-in-Charge of
Surveying of Forth Bridge ; Instructor in Sur-
veying, Central Tech. Coll., S- Kensington;
Lecturer on Waterworks, Engineeringand Sew-
age, Univ. Coll., London

;
part author of ‘A

treatise on Surveying,’ etc. (R. E. M.)

HIJATOVICH, ChedomUle; Senator of
the kingdom of Servia since 1875 ; Envoy Ex-
traordinary and Minister Plenipotentiary of
the King of Servia to the Court of St James,
1895-1900

; transferred to Constantinople, 1900

;

Minister of Finance and Commerce of Servia,

1873 ; Minister of Foreign Affairs and Finance,
1880; Servian Minister to the Court of St
James, 1884; Servian Plenipotentiary for the
conclusion of peace with Bulgaria, 1886;
Member ofRoyal Servian Academy of Science

;

corresponding member of South Slavonic
Academy; hon. member of Royal Hist. Soc.
London; author of several publications in
Servian on Political Economy, Finances, His-
tory of Commerce, and History of Servia in
Fifteenth Century; novels—‘Rayko of Ras-

sina,’ ‘Ikoniya, the Mother of the Verier,’
etc., ‘ Constantine the last Emperor of the
Greeks,' ‘Ancestors of the House of Orange.'

(0. Ml.)

MILIi, Hugk Robert- D.Sc.(Edin.),LL.D. (St
Andrews), P.R.S.G.S., F.R.G.S., F.R.Met.Soc.;
Director of British Rainfall Organization, and
editor of ‘Symons’ Meteorological Magazine’
since 1901 ; Hon. Corresponding Member of the
Geographical Societies oi Pans, Berlin, Amster-
dam, Budapest, Brisbane, and Philadelphia

;

Recorder of Section E, Bntish Association,
1893-99 ; President, Section B, 1901 ; Bntish
Delegate to International Conference on the
Exploration of the Sea, at Christiania, 1901

,

author of ‘ Rainband,’ * Rain-gauge,’ ‘ Thermo-
meter,’ ‘Whirlpool,’ in Ninth Edition of ‘ Ency.
Brit.,’ ‘Realm of Nature,* ‘The Clyde Sea
Area,' ‘Tlie English Lakes,’ ‘Hints on the
Choice of Geographical Books,’ ‘New Lands,’
‘The International Geography,’ etc. (H. R. M.)

MlXiIiINGEN^ Ale:sander Van, M.A.

;

Robert College, Constantinople ; author of
‘ Byzantine Constantmople, ’ etc. (A. van M.)

M IBMAN, Sir Archibald John Scott,
K.C.B., the late ; Clerk of the House of Com-
mons 1900, retired 1902; entered service of
House of Commons in 1857 ; promoted
Second Clerk Assistant, 1870; Clerk Assist-
ant, 1886-1900. (A J. S. M.)

MIIiNE, Jolnu F-R.S., F.G.S.; twenty years
employed by Japanese Govt, as geologist and
mining engineer ; established the Seismic Sur-
vey of Japan ; designer of seismographs and
instruments to record vibrations on railways,
etc. ; author of ‘Earthquakes,’ ‘Seismology,’
‘ Crystallography,’ etc. (J. Mr.)

MIIiTON, James Tayler, M.I.C.E.; Chief
Engineer Surveyor, Lloyd’s Register of Ship-
ping; Member of Inst, of Naval Architects
and of the Iron and Steel Inst., etc. (J. T. Mi.)

MINCHIN, E. A., M.A., F.Z.8. ; Jodrell
Professor of Zoology and Comparative Ana-
tomy, Univ. Coll., London; late Fellow of
Merton CoU., Oxford; late Lecturer Comp.
Anatomy, Oxford; late Lecturer in Biology,
Guy’s Hospital ; author of ‘ Sponges,’
etc. (E. A. M.)

MITCHElila, Huigh; of Gibraltar; Barrister-
at-Law, Inner Temple. (H. M*.)

MlTCHELIi, Peter Chalmers, D.Sc.,
M.A.J F.Z.S. ; Lecturer on Biology at the Lon-
don Hospital Medical College

;
University

Demonstrator in Comparative Anatomy, and
assistant to linacre Professor at Oxford, 1888-

91; Lecturer on Biology at Charing Cross
Hospital, 1892-94; at London Hospital, 1894;
examiner in Biology to the R.O.P. 1892-96;
author of ‘Outlines of Biology,’ ‘The Biologi-
cal Problem of To-day’ (translated), ‘Thomas
Henry Huxley,’ etc. (P. 0. M)

MONCKTON, Lionel
J
composer, and musical

critic to the * Daily Telegraph.’ (L. M)
MONKHOUSE, WUliam Cosmo, the

late Assistant Secretary (Finance) Board of
Trade ; served on sever^ Departmental Com-
mittees and Committee onthe Mercantile Marine
Fund, 1894-96; author of ‘The Christ upon
the Hin,* ‘A Question of Honour,’ ‘The
Earlier English Water-Colour Painters,’ ‘The
Italian Pre - Raphaehtes,’ ‘British Contem-
porary Artists,’ etc. (0. Mo.)

MONTAGU, Sir Samnelj head of the
hanking firm of Samuel Montagu and Co.,

London; member of Gold and Silver Com-
mission, 1887-90 ; author of magazine articles

on Finance, Decimal Currency, Weights and
Measures, etc. (S. M.)

MOORE, Hon. John Bassett, LL.D.

;

Professor International Law and Diplomacy,
Columbia University, New York ; author ‘ Ex-
tradition and Inter-State Rendition,* ‘Inter-
national Arbitrations,’ etc. (J. B. M*.)

MORENO, Dr Francesco P. ; donor and
director of the La PlataMuseum, Buenos Aires

;

repr. in Great Britain of the Argentine in con-
nexion with Chilian Argentine Boundary Dis-
pute ; author of ‘La Plata,’ etc. (P. P. M.)

MORFILL, WUUam Richard, M.A. ; Pro-
fessor of Russian and the other Slavonic lan-

guages, Oxford ; Curator of the Taylor Institu-

tion, Oxford; author of ‘Russia' (History
and Literature) in Ninth Edition of ‘Ency.
Brit.’ (W. R, M.)

MORSE, John Torrey, Jr. ; sometime Lec-
turer on History, Harvard University ; author
of biographies ofAlexander Hamilton, Abraham
Lincoln, John Quincy Adams, Thomas Jeffer-

son, etc., and of ‘The Life and Letters of Oliver
Wendell Holmes.’ (J. T. Mo.)

MORTON, Hon. JnHTis Sterling (the
late); sometime U.S. Secretary of Agricultare
and President of Nebraska State Historical

Society. (J. S. M* )

MOSCA, Gaetano; Professor of Constitutional
Law, Tuiin, Italy. (G. Mo.)

MOSCHINI, V. ;
Mayor of Padua. (V. Mo.)

MOTT, Frederick Walker, M.D., B.S
Lond., P.R.C.P,, F.R S. ; Physician to Out-
Patients, Channg Cioss Hospital; Patho-
logist to the London County Asylums

;

Crooniau Lecturer, Royal College of Physicians,
1900. (F. W. Mo.)

MUIR, John, A.M., LL.D. ; U.S. Explorer
and Naturalist ; discoverer of the Muir glacier,

Alaska; author of ‘The Mountains of Cali-
fornia ’ and of numerous articles on the natural
history of the Pacific Coast, Alaska, etc.

;

Editor ‘ Picturesque California.’ (J. Mu^.)

MUIR, Robert, M.A., M.D., C.M. ;
Professor

of Pathology, TJnivei&ity of Glasgow; Examiner
in Pathology, Oxford

;
senior assistant to the

Prof, of Pathology, Edinburgh, and Pathologist
to Edinburgh Royal Infirmary, 1892 ; Lecturer
on PatliologicaL Bacteriology, Edinburgh, 1894

;

Professor of Pathology, St Andrew's, 1898-99

;

author of ‘Manual of Bacteriology’ (with Dr
J. Ritchie), ‘ Scientific Papers,’ etc. (R. Mu*.)

MUNRO, WUfred H.: AM., Professor
of European History, Brown Unnersity,
R.I. (W. H. Mu.)

MURPHY, Sbirley Forster, M.D.,
M.R.O.S. ; Medical Officer of Health, Adminis-
trative County of London; Corresp. Mem. Soc.
Sweden, and of Boy. Soc. Hygiene, Italy;
author of ‘ Infectious Disease and its Preven-
tion,’ editor of ‘ Our Homes and How to make
them Healthy,' etc. (S. P. M.)

MURRAY, Sir George Herbert, KC.B.

;

Secretary to the Post Office since 1899 ; entered
Foreign Office, 1878 ;

transferred to Treasury,

1880 ; private secretary to Mr Gladstone
and Earl of Rosebery when Prime Mimster;
Chairman Board of Inland Revenue, 1897-

99. (G. H. M.)

MUTHER. Dr Richard, Professor of Art
History, university of Breslau; author of ‘The
History of Modem Painting,’ ‘The Oldest
German Picture Bibles,’ ‘Gothic and Early
Renaissance Illustrations of German Books,'

‘A Century of French Painting,’ etc. Ms.)

MYRES, J. L.J Student and tutor of Christ
Church, Oxford; author of ‘A Catalogue of
the Cyprus Museum.’ (J, L. M.)

N
NAIRNE, Rev. Alexander, M.A; Pro-

fessor 01 Hebrew and Old Testament Exegesis
in King's CoU., Lond. ; Fellow of Jesus Coll.,

Cambridge, 1887-93 ; Vice-Principal of Clergy
Training School, 1887-89. (A- N*.)

NANSEN, Fridtjof, D.Sc., LL.D., D.C.L.,
Ph.D. ; went to Greenland Sea, 1882 ; curator
in Natural History Museum, Bergen; went
across Greenland, 1888-89 ; curator Museum of
Comparative Anatomy, Christiania University ;

made his North Pole Expedition, in which he
reached the highest latitude until then attained

(86 deg. 175 ra.), 1893-96 ; Prof, of Zoology,
Christiania University; author of ‘Across
Greenland,’ ‘ Eskimo Life,’ ‘ Farthest North,*

‘The Norwegian North Polar Expedition,'
‘ Scientific Results,' etc, (F. N.)

NASH, James Okey, M.A., of the Community
of the Resurrection. (J. O. N.)

NATHAN, Major F. L., R.A. ; Superintend-
ent of the Royal Gunpowder Factory, Waltham
Abbey. CP.L,N,)

NATHAN, Major Matthew, C,M.G., RE.

;

Governor of Gold Coast; served in Nile Ex-
pedition, 1886 ; Lushai Expedition, 1889 ; Sec.

Col. Defence Com. 1896-1900; administered
Government Sierra Leone, 1899. C^t. N.)

NELSON, WiUiam Rockhill, Editor-in-
Chief of the ‘ Kansas City Star,’ Kansas City,

Mo. CW. R. N.)

NEWCOMB, Prof. Simoa, Ph.D., LL.D.,
D.Sc., D. Nat. Phil.; Superintendent U.S.
NauticalAlmanac ; Foreign Mem, Royal Society

,

London ; Assoc, Institute of France, etc,

;

author of ‘Moon' in Ninth Edition of ‘Ency.
Brit.,’ ‘Popular Astronomy,* etc.; editor of
* American Journal of Mathematics.' (S. N.)

NEWELL, Frederick Haymesj Hydro-
grapher of the U.S. Geol. Survey ; author of
‘Acn-lrtnl

" - - . - j»

‘Apiculture by Irrigation,’

the United States,' etc. (F.

of
::n.>

fHWSOM, George Ernest, M.A; Vice-

Principal of King’s College, London. (G, E. N.)

Newton, Henry G., M.A., LL.B. ; Referee

in Bankruptcy, New Haven, Oonn. (BL G. N,>

arrsiTkET. C. (O. N.Y

a
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MORTON, Charles EUot, LL.D. ; Professor

of the History of Art, Harvard ;
Dante scholar

and translator ;
author of ‘ Church Bmldings

in the Middle Ages ’
;

editor of ‘ Letters of

James Eussell Lowell,’ ‘Correspondence of

Carlyle and Emerson,’ ‘Writings of George
William Curtis,’ etc. (0. E. N.)

NORTON, Professor Rlcliard N. ; Ameri-
can School of Archeology, Rome. (R. N. N.)

NOTTER- Col. J. Lane, M.A., M.D.,
R.A.M.a, F.C.S.; late Prof, of Military

Hygiene, Netley; author of ‘The Theory and
Practice of Hygiene,’ etc. (J. L. N.)

0
O'DONOeHXJE, Freemam M., P.S.A.

;

Assistant Keeper of Prints, British Museum

;

author of * Catalogue of the Collection of Playing
Cards bequeathed to the British Museum by
Lady Charlotte Schneber,’ ‘ A Descriptive and
Classified Catalogue of the Portraits of Queen
Elizabeth,’ etc. (P. IVE. O’D.)

NEILL. ,Sneasj Assistant Correspondent
of ‘The Times,’ Vienna. (M. O’N.)

ORDE-BRCWNE, Capt. C., the late;

author of ‘ Armour and its Attack by Artillery,’

‘Short itTotes on Field Batteries,’ ‘Ammunition
for Rifled Ordnance,’ etc. (C. O.-B.)

OWEN, Capt. C. R, B., R.A. ; late Pro-
fessor of Artillery, Ordnance College; Assist.

Superintendent, Roy, Carnage Dept., Woolwich
Arsenal. (0. R. B. O.)

OWEN, Edmund, M.B. Lond., P.R.C.S.;
Senior Surgeon to St Mary's Hospital, London,
and Consulting Surgeon to the Children’s Hos-
pital, Great Ormond Street; Member of the
Council, and late Member of the Court of Ex-
aminers of Royal College ofSurgeons ; Examiner
in Surgery at the Universities of Cambridge
and of London ; Knight of Grace of the Order
of St John of Jernsalem*, Corresponding
Member of the Imperial Medical Military
Academy of St Petersburg, of the Canadian
Medical Association, and of the Association of
American Orthopsedic Surgeons ; Hon. Surgeon
to the Royal Society of Musicians ; late Presi-

dent of the Medical Society of London ; author
of ‘A Manual of Anatomy for Senior Students,’
‘The Surgical Diseases of Children.’ (E. O*.)

p
PAGET, Sir John R., Bart., LL.B., R.C.

;

Gilbart Lecturer on Banking. (J. R. P^)

PAGET, Stephen, F.R.C.S. ; Surgeon to West
London Hospital ; Surgeon to Throat and Bar
Department, Middlesex Hospital; author of
‘The Surgery of the Chest,’ ‘John Hunter,’
‘Ambroise Par6 and his Times,' Experiments
on Animals,* ‘ Memoirs and Letters of Sir James
Paget.’ (S. P.)

PALGRAVE, Robert Harry In^Ms,
F.R.S. ; editor of ‘Economist,’ 1877-83 ; author
of ‘The Local Taxation of Great Britain and
Ireland,* ‘Notes on Banking in Great Britain
and Ireland, Sweden, Denmark, and Hamburg,’
* An Analysis of the Transactions of the Bank
of England for the years 1844-72,’ ‘ Bank Rate
in England, France, and Germany, 1844-
1878 ’

; editor of ‘ Dictionary of Political
Economy.’ (R. H. I. P.)

PAPILLON, Rev. Thomas Leslie, M.A.

;

late Fellow of Merton Coll, and of New Coll.,

Oxford ; author of ‘A Manual of Comparative
Philology’; editor Dean Bradley's ‘Aids to
Writing Latin Prose,’ etc. (T. L. P.)

PARKIN, George Robert, LL.dToTmT^;
Principal of Upper Canada College, Toronto,
Canada; author of ‘Imperial Federation,’
‘Round the Empire,’ ‘The Great Dominion,’
‘ Life and Letters of Edward Thiing.' (G. R. P.)

PARSONS, William Barclay: Chief En-
gineer of the Underground Railway, New York
City. (W. B. P.)

PASCO, Hon. Samuel; Member ofthe Nicara-
gua Canal Commission, United States Senator
firom the State of Florida, 1887-99. (S. Pa.)

PATON, Diarmid Noel, M.D., B.Sc.,
F.R.O.P. Ed. ; Superintendent of Research
Laboratory of Royal College of Physicians,
Edinburgh, 1889; Lecturer on Physiology,
School of Medicine of Royal Colleges, Edin-
burgh, 1886 ; Biological Fellow of Edinburgh
University, 1884 ; Member of the Royal Com-
mission on Salmon Fisheries ; author of many
papers on Physiological subjects. (D. N. P.)

PAUL, Alfred Wallis, C.LB., B.A ; late
Scholar of Wadham College, Oxford ; Indian
Civil Service (retired) : Political Officer Sikkim

Expedition ; British Commissioner under Anglo-
Chinese Convention of 1890; Deputy Commis-
sioner of Darjeeling. (A W. P.)

PEACH, Capt, E., Indian Staff Corps ;
author

of ‘ Tactics—Savage Warfare,’ etc. (E. P.)

PEARSON, Karl, M.A, LL.B., F.R.S. ; Pro-
fessor of Applied Mathematics and Mechanics,
University College, London ; Gresham Professor
of Geometry, 1892-94 ; Darwin Medal Royal
Society, 1898 ; author of ‘ Grammar of Science,’

‘Enlarged Grammar of Science,’ ‘The Chances
of Death, and other Studies in Evolution,’
‘The Ethic of Freethought,* ‘Die Fronica,
a History of the Mediaeval Portraits of
Christ,’ etc. (K P.)

PELSENUR, PAUL, D.Sc. (Brussels); cor.

member of the !l^yal Belgian Academy of
Science ;

member of the Belgian Committee of
Mariculture ; Professor in the Normal School,
Ghent; lecturer, Brussels University; author
of ‘Introduction k TEtude des Mollusques,’
‘ Report on the Pteropoda,’ ‘ The Anatomy of
the Deep-Sea Mollusca,’ etc. (P. P.)

PEMBREY, Marcus Seymour, M.A.,
M.D. ; Lecturer in Physiology, Guy’s Hospital
Medical School. (M. S. P.)

PENBEREL - BROBHURST, James
George Joseph; editor of ‘Land,’ 1881-83,
assistant editor of ‘St James’s Gazette,* 1888-

93, editor of ‘ St James’s Budget,’ 1889-98

;

author of ‘ The Life and Times of King Edward
VII.,’ part author of ‘The Royal River and
Abbeys and Churches of England and
Wales.’ (J. G. J. P.-B.)

PENNELL, Joseph, artist ;
author of ‘A Can-

terbury Pilgrimage,' ‘An Italian Pilgrimage,’
‘Two Pilgrims’ Progress,’ ‘Our Sentimental
Journey throu^ France and Italy,’ ‘Pen Draw-
ing and Pen Draughtsmen,* ‘ Our Journey to
the Hebrides,* ‘ The Stream of Pleasure,’ ‘The
Jew at Home,’ ‘Play in Provence, ‘Modem
Illustration,* ‘ The Illustration of Books, ‘ The
Work of Charles Keene,’ ‘Lithography and
Lithographers.’ (J. P*.)

PERSHING, James H^^AB. ; Lecturer on
International Law in the University of Denver,
and Professor of Medical Jurisprudence in
Gross Medical College, Denver, (J. H. Pe.)

PETERSON, Frederick, Ph.D., M.D. ; Presi-

I

dent New York Neurological Society and Presi-
dent of the Board of Managers of Craig Colony
for Epileptics, Chief of Clinic, Department of
Neurology, Columbia Umversity. (F. P*.)

PETRIE, William Matthew Flinders.
D.C.L., LittD., LL.D., Ph.D. ; Edwards Pro-
fessor of Egyptology, University Coll. London

;

surveying &itish remains, 1875-80 ; excavating
in Egypt, 1880-1901 ; author of ‘ Pyramid,’
‘ Weights and Measures,’ m Ninth Edition of
‘Ency. Brit.,’ ‘Stonehenge,’ ‘Pyramids and
Temples of Gizeh,’ ‘Season in Egypt,’ ‘Racial
Portraits,’ ‘Historical Scarabs,’ ‘Ten Years’
Digging,’ ‘History of Egypt,’ ‘Tel elAmarna,’
‘Egyptian Tales,’ ‘Decorative Art,* ‘Six Tem-
ples at Thebes,’ ‘Religion and Conscience in
Ancient Egypt,’ ‘Syria and Egypt,’ ‘Royal
Tombs of the First Dynasty,’ ‘Royal Tombs of
the Earliest Dynasties,’ etc. (W. M. P. P.)

PFEIL. Count Joachim Von, one of the
founders of German East Africa; sometime resi-

dent in Bismarck Archipelago
; author of ‘ The

Founding of the Boer States,’ ‘ Studies and Ob-
servations in the South Seas,’ etc. (J, von P.)

PHELAN, Hon. James Buval: Mayor of
San Francisco, 1896-1901. (J. D. P.)

PHILLIMORE, Georgre Grenville, M.A.,
B.O.L. ; Banister -at -Law of the Middle
Temple. (G. G. P* )

PHILLIMORE, Sir Walter George
Franl^ Bt., I).C.L., LL.D. ; Judge of the
King’s Bench Div, ; author of ‘ Book of Church
Law,’ 2nd ed. of ‘Phallimore’s Ecclesiastical
Law, 3rd ed. of vol. iv. of * Phillimore’s Inter-
national Law.’ (W. G. F. P.)

PHILLIPS, R. W., M.A,, D.Sc., P.L.S.; Pro-
fessor ofBotany in the University Coll, of North
Wales; author of ‘Memoirs on the Physi-
ology of Plants,’ ‘Morphology of the Algae,*
etc. (R. W. P.)

PHILLPOTTS, Ool. A. H. C., B.A.
(A H. 0. P.)

PINCHOT, Gifford, B.A ; Forester of the
U.S. Department of Agriculture, Special Lec-
turer in the Forest School, Yale Univ.

; author
of ‘The White Pine.’ (G. P.)

PITMAN, Charles Murray : stroke of the
Oxford Eight, 1893-95. Author of articles on
Rowing. (C. M. P.)

PITT, Walter, M.LO.E.,M.I.M.B.; Member of
the Committee of International Maritime Con-
ference (London), etc. (W. P*.)

POLLEN, John Hungerford, M.A.
; Ex-

aminer ior Art, South Kensington ; Fellow of
Merton Coll., Oxford

; Professor of Fine Arts in
Catholic University ofDublm

; Cantor Lecturer,
Society ofArts, 1885 ; author of ‘ Carving,’ ‘ Fili-
gree,’ ‘Furniture,’ in Ninth Edition of ‘Ency.
Brit.,’ ‘Ancient and Modern Furniture and
Woodwork,' ‘Ancient and Modern Gold- and
Silver-smiths’ Work, ‘ The Trojan Column ’

(J. H. P.)

POLLOCK, Sir Frederick, Bt., LL.D.,
D.C.L.

;
Corpus Professor of Jurisprudence,

Oxford
;
editor of the Law Reports from 1895

:

Fellow Trin. Coll., Camb. 1868 ; Corresponding
member Institute of France, 1894

; Professor of
Jurisprudence, University Coll., London, 1882-
83 ; Professor of Common Law in the Inns of
Court, 1884-90; member Royal Labour Com-
mission, 1891-94; author of ‘Sword,’ ‘Tort’ in
Ninth Edition of ‘Ency. Brit.,’ ‘ Principles of
Contract,’ ‘ The Law ol Torts,’ ‘ Digest of the
Law of Partnership,’ ‘ The Land Laws,’ ‘ His-
tory of English Law,’ ‘ Spinoza, Life and Philo-
sophy,’ ‘A First Book of Jurisprudence,’ ‘ The
Etchingham Letters,’ 1899 (with E. Fuller
Maitland). (p. po.)

POORE, George Viviau, M.D. ; Professor of
Medicine and Clinical Medicine, University
College, London; medical attendant to late
Prince Leopold, Duke of Albany, 1870-71

; and
Prince of Wales, 1872 ; received Dannebrog fbr
professional services to the Princess Thyra,
Duchess of Cumberland, 1872 ; Physician Uni-
versity Coll. Hospital, 1876 ; Secretary-General
of Sanitary Congress, 1891, etc. ; author of
‘Essays on Rural Hygiene,’ ‘A Treatise on
Medical Jurisprudence.* (G. V. P.)

PORTER, W. Haldane, B.A. ; Barrister,
Middle Temple; Chancellor’s English Essay,
0.xford, 1893. (W. H. Po.)

POST, George B. ; Architect; Member of the
Am. Society of Civil Engineers, (G. B. P.)

POTTER, Rt. Rev. Henry Codman,D.D.,
LL.D.; Bishop of the Diocese of New York;
author of ‘The Church and Her Children,
‘ The Scholar and the State,’ etc. (H. 0. P.)

POULTON, Edward Bagnall, M.A., D.Sc.;
Hon. LL.D. Princeton, F.R.S. ; Hope Professor
of iZIoology, Oxford

;
Fellow of Jesus Coll,,

Oxford
;
Member of Council of Royal Society,

1897-99; Member of Hebdomadal Council of
Oxford ; Demonstrator in Anatomical Depart-
ment of University Museum, 1877-79 ; Lecturer
in Natural Science, and tutor of Keble College,
Oxford, 1880-89: Lecturer in Natural Science,
Jesus College, Oxford, 1880-88 ; author of ‘ The
Colours of Animals,’ ‘ Charles Darwin and the
Theory of Natural Selection,’ many memoirs on
Zoological Subjects in the Proceedings and
Transactions of the Royal, Linnsean, Zoo-
logical, Entomological, and other learned
Societies. (E.B.P.)

POWELL, F. York, M,A. ; Begins Professor
of Modem History, Oxford; Student of Ch. Ch.,
Oxford ; author of ‘ Icelandic Language,’ etc.,

in Ninth Edition of ‘ Ency. Brit.,’ ‘Alfred the
Great and William the Conqueror,’ * History of
England to 1509.’ (F. T. P.)

POYNTING, John Henry, D.Sc., F.R.S.

;

late Fellow of Trin. Coll., Camh. ; Professor of
Physics and Dean of the Faculty of Science,
Birmingham University ; author of the Adams
Prize Essay (1891) on the ‘Mean Density of
the Earth,’ ‘ A Text-Book of Physics ’ (with
Professor J. J. Thomson), and various physical
papers. (J. H. P*.)

PRINCE, Hon. L. Bradford, LL.D. ; Presi-

dent of the Bureau of Immigration of the terri-

tory of New Mexico, Santa Fe, New Mexico

;

ex-Governor of the State of New Mexico;
President of the New Mex. Hist. Soc. ; author
of ‘New Mexico’ in Ninth Edition of ‘Ency.
Brit.’ (L. B. Pb.)

PROCTER, Hon. John Roher^ President
U.S. Civil Service Commission, Washington,
D.C. ; Geologist State of Kentucky, 1880-1893

;

author of ‘Kentucky* in Ninth Edition of
‘ Ency. Brit.’ (J. R. P.)

PROUT, Major Henry Gosler, editor of
‘ The Railroad Gazette,’ New York ; sometime
Governor of the Provinces of the Equator,
Africa,-and Colonel of Engineers, Army of the
Khedive. (H. G. P.)

PROWSE, Daniel Wodley, K.C., LL.D.,
D.O.L. ; retired Judge Central District Court of
Newfoundland ; appointed Judge Central Dis-
trict Court, 1869 ; Commissioner for the Con-
solidation of Colonial laws ; Chairman Board
of Health, 1893-96 ; author of ‘ History of
Newfoundland,’ ‘Manual for Magistrates in
Newfoundland,’ numerous pamphlets and news-
paper articles. (D, W, P.)

PULLANj Rev. Leighton, Fellow of St
John’s Coll., Oxford; author of ‘History of
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Early Christianity,’ ‘Lectures on Eeligion,’

etc. <L. P.)

PURSBRj T; M.A., M.E.I.A. ; Fellow of
Trinity Coll., Dublin, and Professor of Natural
Philosophy, University of Dublin. (F. Pu.)

PURSER, J., M.A., D.Sc., LL.D., M.R.I.A.

;

emeritus Professor of Mathematics, Queen’s
OoU., Belfast. (J. Pu.)

PUTNAM, George Haven, A.M., Litt.D.

;

Head of the publishing House of G. P. Putnam’s
Sons, N.Y. ; led in reorganising, 1887, the
American Copyright League, and was its secre-
tary during the movement for International
Copyright which resulted in the Copyright Bill
of 1891; Received Gross of the Legion of Honour
from France, 1891; author of ‘Question of
Copyright,’ ‘Books and their Makers in the
Middle Ages,’ etc. (G. H. P*.)

PUTNAM, Hon. Herbert, Librarian of
Congress, Washington, D.C. (H. P.)

PYIiE, Josepb. Gilpin ; editor of the ‘ Post-
Intelligencer,’ Seattle, Washington; author of
‘ Minnesota ’ in Ninth Edition of ‘ Ency,
Brit.’ (J. G. P.)

Q
QUIliIiER - COUCH, Artbnr Thomas,

B.A. ; Lecturer Classics Trin. Coll., Oicford,

1886-87 ;
author of ‘ Dead Man’s Rock,’ ‘ Troy

To^vn,’ ‘The Splendid Spur,’ ‘Noughts and
Crosses,’ ‘The Delectable Duchy,’ ‘Adventures
in Criticism,’ ‘The Oxford Book of English
Verse,’ ‘ The Laird’s Luck,’ finished R.
L. Stevenson’s uncompleted novel ‘St Ives,'

etc. (A. T. Q.-0.)

E
RADAU, R. ; Membre de I’Acad^miedes Sciences

et du Bureau des Longitudes, Paris
;
writer on

Astronomy, etc., part author of ‘ Geologic
d’Ethiopie,’ etc. (R. Ra.)

RAIKRS, His Honour Jud^e Francis
William, LL.D., K.C. ; Judge of County
Court (Hull)

;
three years in Merchant Service,

then passed into Royal Navy first ; called to
the Bar, 1878; author of ‘The New Practice’

(with Mr Justice Kennedy) ;
‘ Jurisdiction and

Practice of County Courts in Admiralty’ (with
Mr Kilburn), ‘ Both to Blame,' paper read at

Brussels International Law Conference, 1896

;

and various papers on ‘Maritime Law,’ trans-

lations and editions Of the ‘Maritime Codes of

Europe,’ etc. (F. W. Ra.)

RAMBAUT, Arthur Alcock, M.A. (Dub.
and Oxon.); D.Sc., F.R.S., F.R.A.S. ; Radcliffe

Observer, Oxford; Assistant Astronomer Trinity

College, Dublin, at Dunsink, 1882-92 ; Andrews
Professor of Astronomy in the University of
Dublin and Royal Astronomer of Ireland,

1892-97 ; author of various memoirs and papers
on Astronomical subjects. (A, A. R*,)

RAMSAY,William MitcheU, D.C.L.,LL.D.
St And. and Glasgow, Litt.D, Gamb. ; Professor
of Humanity, Aberdeen Univ. ; Fellow of

Exeter Coll. ; Oxford, 1882 ; Lincoln Coll,,

Oxford, 1885; Professor of Classical Art in

Oxford University, 1885; Levering Lecturer
in Johns Hopkins university, Baltimore, 1894

;

Foreign Member ofAustrian Imperial and Royal
Archseological Institute, 1900 ; author of
‘Hermes,’ ‘Illyria,* ‘Jupiter,’ ‘Mysteries,’
‘Oracle,’ ‘Phrygia,’ ‘Scio,’ ‘Sicyon,’ ‘Smyrna,’
in Ninth Edition of ‘Ency. Brit.,’ ‘The His-
torical Geography of Asia Minor,’ ‘The Church
in the Roman Empire,’ * The Cities and Bishop-
rics of Phrygia,’ ‘St Paul the Traveller and
the Roman Citizen,' ‘ Was Christ bom at Beth-
lehem ?

’
‘ Historical Commentary on Gala-

tians.’ (W. M. Ra.)

RASHUAliL, Rev. Hastings, M.A.,
D.C.L. ; Fellow and Tutor of New College,

Oxford ; Lecturer in St David’s College, Lam-
peter, 1883 ; Tutor in the Univ. of Durham,
1884-88; Fellow and Lecturer of Hertford Coll.,

Oxford, 1888-95; Chaplain and Theological
Tutor of Balliol Coll., 1894-95 ; author of ‘^The

Universities of Europe in the Middle Ages,’

‘Doctrine and Development’ (with R. S. Rait),
‘ New College.’ (H. Rl.)

RATHj Dr Zolt&u : Professor at the Royal
Academy of Law, Kassa, Hungary; late of
the Royal Hun^rian Statistical Bureau

;

author of ‘Bvitzedunk egyenesadd-reform

-

jairdl.’ (Z. R.)

RAVENSTEIN, Ernest George,* War
Office, Topographical (now Intelligence) De-
partment, 1855-75; Council Royal Statistical

Society, 1877-92; President. Section B, Brit.

Ajssoc., 1891 ;
Professor of Gf-eography, Bedford

Coll., 1882-83; author of ‘The Russians on
the Amur,’ ‘Geographie xmd Statistik des

Britischen Reiches,* ‘Vasco da Gama's First
Voyage,’ ‘Map, Equatorial Africa,’ ‘Systematic
Atlas.’ (E. G. R.)

RAYLEIGH, Lord, 3rd Baron, D.C.L.
(Hon. Oxon.), LL.D., D.Sc. (Camb. and: Dublin),
F.R.S. ; Professor of Natural Philosophy,
Royal Institution; Scientific Adviser to Trinity
House ; Cavendish Professor of Experimental
Physics, Cambridge, 1879-84; Secretary of
Royal Society, 1887-96; author of ‘Optics,’
‘Wave Theory,' in Ninth Edition of ‘Ency.
Brit.,* ‘Theory of Sound,’ numerous scientific

papers. (B.)

REBWOOB, Boverton, F.RS.Ed.,
A.M.I.C.E., M.I.M.E.; Fellow of Inst, of
Chem. ; V.P. and Mem. of Council and Pub-
lication Com., Soc. Chem. Ind. ; Fellow of
Chem. Geol. and R. Geog. Soc. ; D.Sc. Ohio
Normal University ; Mem. of Am. Chem. Soc.,

and Am. Philosophical Soc. (honorary); Hon.
Corres. Mem. Imperial Russian Technical Soc.

;

Chevalier of the Order of Leopold ; Consulting
Chemist, with special experience in the tech-
nology of petroleum ; Adviser on Petroleum to
the Horae Office; Consulting Adviser to the
Corporation of London under the Petroleum
Acts; Chemical Advism* to the Oil Trade
Section of the London Chamber of Commerce

;

member of several juries at International In-
ventions and Health Exhibitions, president of
International Jury for lighting appliances and
materials at Brussels Exhibition, 1897, and
member of Jury, Paris Exhibition, 1900 ; author
of ‘ Cantor Lectures on Petroleum and its Pro-
ducts,’ ‘ Petroleum : its Production and Use,’
‘ Report (with Sir Frederick: Abel) on Accidents
with Mineral Oil Lamps,' ‘Report (with Sir
Frederick Abel) on the Transport of Petroleum
through the Suez Canal,’ ‘The Transport of
Petroleum in Bulk,’ articles on the Petroleum
Industry, and Lamps in Chemical Technology,
‘A Treatise on Petroleum,* ‘The Detection
and Estimation of Inflammable Gases and
Vapours in the Air’ (with Professor Clowes),
‘Handbook on Petroleum’ (with Capt. J. H.
Thomson). (B. R.)

REEVES, Hou. William Pember. Agent-
General for New Zealand; Member of Senate
of University of London ; edited the ‘ Canter-
bury Times,’ and the ‘Lyttelton Times ’

; Mem-
ber of N.Z. Parliament, 1887-96; Minister of
Education, Labour, and Justice, 1891-96; re-
signed position to become Agent-General for
colony; author of ‘The Long White Cloud, a
History of New Zealand,’ ‘ An Introduction to
the History of Communism and Socialism,’ also
volume ofNew Zealand verse. (W. P. R.)

REICH, Emil, Dr. Juris, P.R.Hist.S.

;

author of ‘History of Hungarian Literature,’
‘ History of Civilization,’ ‘ Grseco - Roman
Institutions

’
‘Historical Atlas of English

History,’ ‘Historical Atlas of Modern His-
tory,* etc. (B. Rb*".)

REIB, Clement, F,R.S., F,L.S., F.G.S. ; geo-
logist on survey of England and Wales;
formerly secretary and recorder to the Geo-
logical Section of British Association; author
of ‘Pliocene Deposits of Britain,’ ‘Origin of
the British Flora/ many contributions to
geological journals. (0. R.)

REID, Sir George, LL.D.,; President Royal
Scottish Academy; author of ‘Lithography,’
‘Painting,’ ‘Turner,’ in Ninth Edition of
* Ency. Brit.’ (G. Re.)

REID, Hon. Wbitelaw, AM., LL.D. ; editor
of the New York Tribune ; Ex-U.S. Minister to
France; author of ‘Greeley,’ ‘Newspapers,’ in
Ninth Edition of ‘ Ency. Brit.’ (W. R.)

RENTON, A. Wood, LL.B. ; Puisne Judge,
Mauritius; author of ‘Thurlow’ in Ninth
Edition of ‘Ency. Brit/ (A W. R.)

RENWICK, I. P. A., M.A, LL.B.;
assistant editor of the ‘Statesman’s Year
Book.’ (L P. A R.)

REYNOLDS, Osborne, M.A, LL.D. Glas-
gow, P.R.S., M.I.C.E., Hon. Fellow Queens’
Coll., Cambridge; Professor of Engineering,
Owens College, Victoria University, Man-
chester ; Fellow of Queens’ College, Cambridge,
1877; President, Section G, British Associa-

tion, 1887 ; author of upwards of sixty papers
on original researches in ‘ Mechanics and
Physics/ in the Philosophical Transactions and
Proceedings of the Royal Society, etc. (0. R.)

RHODES, Hon. Bradford; editor of ‘The
Banker’s Magazine,’ New York. (B. R*.)

RHODES, James Ford, LL.D. ; author of
‘ History of the United Smtes from the Com-
promise to 1850/ (J. F. R.)

RICHARDS. Robert Hallowell, Sc.B.;

Professor of Mining, Engineering, and Metal-
lurgy, Massachusetts Institute of Techno-
logy. (R. H. R.)

RICHARDSON, Charles Francis, A.M.,
Ph.D. ; Professor of English, Dartmouth
College, N.H. ; author of ‘ History of Ameri-
can Literature,’ ‘The Choice of Books,’ etc.,

etc. (0. P. R.)

RICHARDSON. Professor Rnfus B.
;

director ofAmerican School of Classical Studies,
Athens. (R, B. R.)

RICHMOND, Sir William Blake, R.A.,
M.A., K.C.B. ; Slade Professor at Oxford, 1S78-
83; President of Society of Miniature Painters,
1899. (W. B. Ri.)

RICKETTS, Charles, English printer, artist,

and wood-engraver ; one of the founders of the
Vale Press; decorated ‘Early Poems of John
Milton,' ‘The Poems of Keats,' etc. (0. Ri.)

RILE'V^ John Athelstan Lanrie, M.A.;
travelled in Persia, ISSl ; Turkey in Europe,
1883; Persia and Kurdist«iJi, 1884, 1886, 1888;
member of the House of Laymen of the
Province of Canterbury ;

memberLondon School
Board, 1891-97; authorof ‘Athos, or theMountain
of the Monks,' various pamphlets and articles,

subjects connected with education, Eastern
Christians, and foreign travel. (J. A L. R.)

RIPON, Bishop of, Rt. Rev. William
Boyd Carpenter, Hon. D.D. Glasgo-w, Hon.
D.C.L. Oxon. ; Knight of the Order of the
Royal Crown, Prussia ; Eulsean Lecturer,
Cambridge, 1878 ; Bampton Lecturer, Oxford,
18S7; Pastoral Lecturer on Theology, Cambridge,
1895; Canon of Windsor, 1882-1884; Hon.
Chaplain to the Queen, 1879-83; Cliaplain-in-

Ordinary, 1883-84; author of ‘Commentary on
Revelation,’ ‘Witness of Heart to Christ’
(Huslean Lectures), ‘Permanent Elements of
Religion’ (Bampton Lectures), ‘Lectures on
Preaching,’ ‘Christian Reunion,’ ‘The Great
Charter of Christ,’ ‘A Popular History of the
Church of England.’ (W. B. B.)

RISTORI, E. J., Assoc.M. Inst.C.E. (£. J. B.)

ROBERTS, W. ; author of ‘Christies*,’ ‘The
Book-hunter in London,’ etc. (W. R*.)

ROBERTS-AUSTEN, Sir WiUiam
Chandler, K.C.B

,
D.C.L. (Durham), F.R.S.

;

Chevalier de la L4gion d’Honneur ; chemist and
assayer to Royal Mint since 1870 ; Professor
of Metallurgy, Royal School of Mines since

1880 ; President of Iron and Steel Institute

;

author of ‘Gold,’ etc., in Ninth Edition of

‘Ency. Brit.,’ ‘Am Introduction to the Study
of Metallurgy.’ (W. 0. R.-A)

ROBERTSON, Sir George Scott, K.O.S.I.,

D.C.L.; entered Indian Medical Service, 1878;
British Agent in Gilgit

;
conducted a political

mission to Chixral, 1893 ; besieged ia Chitral,

during March and April 1895; installed the
present ruler of Chitral, September 1895

;

author of ‘The Kafirs of the Hindu Kush,’
‘ Chitral : The Story of a Minor Siege.’ (G. S. R.)

ROBERTSON, James W. ,* Commissioner
of Agriculture and Dairying, Ottawa,
Canada. (J. W. R.)

ROBERTSON, John G. 5 Lecturer on
the English Language, University of Stras-

burg. (J. G. R.)

ROBINSON, A.MaryF. (Mme. Dnclaixxi
formerly Mme. Darmesteter), author
of ‘Emily Bronte,’ ‘The End of the Middle
Ages,’ ‘Margaret of Angoulfeme, Queen of

Navarre,’ ‘Retrospect, and other Poems/ ‘Life

of Renan,’ ‘Collected Poems/ ‘Marguerites du
Temps Pass6,’ ‘Froissart,’ ‘Grands Ecrivains

d’outre Manche,’ etc. (A. M. P. D.)

ROBINSON, Rev. Charles Henr^ M.A.

;

Hon. Canon of Ripon ; Lecturer in Hausa in

the University of Cambridge, 1896 ; travelled in

Armenia in order to report to Archbishop of

Canterbury on the condition of Armenian
Chtirch, 1892 ; conducted pioneer expedition to

Kano, 1893-95 ; author of ‘ Hausaland, or
Fifteen Hundred Miles through the Central

Soudan,’ ‘Specimens of Hausa Literature,*
‘ Grammar of the Hausa Language,’ ‘ Dictionary

of the Hausa Language,’ ‘Studies ia the
Character of Christ,’ ‘Nigeria, Our Latest
Protectorate,’ ‘Human Nature a Revelation of

the Divine/ (0. HR.)

ROBINSON, Gerald Philip 5 President of
the Society of Mezzotint Engravers ; late Mezzo-
tint Engraver to Queen Victoria, and appointed
same to the King, 1901. (G. P. R.)

ROBINSON, Rev. Joseph Armita^e,
D.D., Ph.D. ; Canon ofWestminster ; Norrisian

Professor of Divinity, Cambridge University,

1898-99
;
author of ‘A Collation of the Athos

Codex of the Shepherd of Hermas,’ ‘ Apiiendix
to Apology of Aristides,* ‘ The Passion of

St Perpetua,* ‘The Philocalia of Origen,*
‘ ButMiana,* ‘ Unity in Christ’ (J. A R.)

ROCKHILL, Hon. William Woodville;
Head of the Bureau of American Republics;
sometime First Assistant Secretary of State

;
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U.S. Commissioner to China, etc. ; author of
‘ Land of the Ltlamas.’ (W. W. R.)

ROCKWEIiIi, General Alfred P., author
of ‘Fire,’ ‘Fjre Extinction,’ in ISTmth Edition

of ‘ Ency. Brit.' (A. P. R.)

ROGERS^ Henry Wade, LL.D. ;
Lecturer at

Yale University
;
sometime President of North

Western University, Evanston, Ills.
;
Chairman

of the World’s Congress on Jurisprudence and
Law Reform, World’s Columbian Exposition;

author of ‘Expert Testimony, etc. (H. W. R.)

ROLliS, Hon. C, S.: pioneer in motor-car
travelling. ' (0. S. B.)

ROSCOE, Sir Henry Enfield, Ph.D.,
LL.D., D.C.L., M.D., F.B.S. ; Vicc-OhanceUor,
University of London; Emeritus Professor,

Owens College, Victoria University ; Member
of Royal Commissions on Noxious Vapours,
Technical Instruction, Scottish Universities,

Secondary Education, and Exhibition of 1851

;

President of the British Association (Man-
chester, 1887) ; President Society of Chemical
Industry, 1881; President Chemical Society,

1882; author of ‘Lessons in Elementary
Chemistry,’ ‘Treatise on Chemistry,’ ‘Primer
of Chemistry,’ ‘John Dalton,’ ‘New View of
the Genesis of the Atomic Theory of Chemistry ’

(with Dr Harden). (H. B. R.)

ROSEWATER, Victor, A.M., Ph.D.

;

managing editor of the Om^a Bee, Omaha,
Nebraska ; Member Omaha Public Library Bd.,
Am. Economic Assn., Am. Library Assn., Neb.
Historical Society ; author of ‘ Special Assess-
ments : a Study in Municipal Finance-’ (V. R.)

ROSS, H. 1M., B.A. ;
formerly exhibitioner of

Lincoln Coll., Oxford ;
writer on engineering

and scientific subjects ; associate editor of
the new volumes of the ‘ Encyclopaedia
Britanmca.’ (H. M. R.)

ROSSETTI, William Micliael; Professional
Assistant to Board of Inland Rev. for Estate
duty on Pictures and Drawings; anthor of
‘Caiiova,’ ‘Correggio,’ ‘Fiesole,’ ‘ Ghirlandajo,’
‘Lippi,’ ‘Munllo,’ ‘Perugino,’ ‘Reni,* ‘Rosa,’
‘Shelley,* ‘Titian,’ ‘Veronese,’ etc., in. Ninth
Edition of ‘Ency. Brit.’; ‘Fine Art, chiefly

contemporary,’ ‘Lives of Famous Poets,’ ‘Life
of Keats,’ ‘Dante G. Rossetti as Designer and
Writer,’ ‘Memoir of Dante G. Rossetti’ ; editor
of ‘The Germ,’ 1850, of ‘Shelley’s Poems,’ of
‘ Wm. Blake’s Poems,’ of ‘Poen^ by Dante and
Christina Rossetti,’ of ‘Buskin,* ‘Rossetti,’
* Prseraphaelitisin,’ of ‘ Prseraphaelite Diaries
and Letters,’ etc. (W. M. R.)

ROWliAND, Henry Auj^nstus, Ph.D.,
LL.D., F.R.S., the late; Professor of Physics,
Johns Hopkins University ; recipient of Rum-
ford, Draper, and Matteucci medals for scientific

discoveries ; Hon. Member Inst, of Prance, etc.;

author of * Screw * in Ninth Edition of ‘ Ency.
Brit.’ (H. A. R.)

RUFPINI, Arthur; Royal Naval Academy,
Leghorn- (A. R*.)

RUGE; Dr Sophus ; Professor of Geography,
University of Dresden; author of ‘Map’ in
Ninth Edition of ‘Ency. Brit.,’ ‘Gesohichte des
Zeitalters der Entdeckungen,’ ‘ Abhandlungen
und Vortrage zur Gesehichte der Erdkunde,’
‘ Christopher Columbus,’ etc. (S. R.)

RXJSSElili, Hon. Bertrand Arthur
William^ M.A. ; Fellow of Trinity College,
Cambridge ; author of ‘ German Social Democ-
racy,’ ‘ Essay on the Foundations of Geometry,’
‘ Philosophy of Leibnitz.’ (B. A. W. R.)

RTTSSElilj. George William Erskine,
LL.D.

;
Parliamentary Secretary to the Local

Government Board, 1883-85; Under-Secretary
of State for India, 1892-94; for the Home
Department, 1894-96 ; author of ‘A Monograph
on the Rt. Hon. W. E. Gladstone,’ ‘ Letters of
Matthew Arnold,' ‘ Collections and Recollec-
tions, 1898.’ (G. W. E. R.)

s
SACHS. Edwin O.. AH.LC.E.; Ghainnan of

British Fire Prevention Committee ; Fellow of
the Royal Statistical Society; Associate of the
Institution of Naval Architects, etc.

; in 1898
he applied electrical power to ihe working of
the stage at Drury Lane; in 1899 he was
appointed technical adviser to the Royal
Opera, Oovent Garden; founded in 1S97 the
British Fire Prevention Committee, and in
1899 the first independent fire-teslang station
established in Europe; author of ‘Modem
Opera Houses and Theatres,* ‘Stage Con-
stracftaon/ ‘Fires and Putoc Entertain-
ments.*

, (E. 0. S.)

ST. JOHNj Moiynenac : Ottawa, Canada.
(ML Sx. J.)

SA^RSON, Rear-Admiral WUUam
mUI).; in command of U.S. North

Atlantic Squadron, battle of Santiago ; late
Commandant U.S. Navy Yard, Boston, Mass.

;

Member of International Prime Meridian and
Time Conference ; U.S. Delegate to Inter-
national Maritime Conference; Chief of U.S.
Bureau of Ordnance, 1893-97. (W. T. S.)

SAUNDERS^ George^ B.A. ; Berlin Corre-
spondent of ‘The Times’; late Berlin Corre-
spondent of the ‘ Mornmg Post,’ etc. (G. Su.)

SAVCE, Rev. ArcMbald Henry, M.A.,
LL.D., D.D.; Fellow of Queen’s College, Oxford;
Professor of Assyriology, Oxford ; Member of
O.T. Revision Company, 1874-84 ; Deputy Pro-
fessor of Comparative Philology, Oxford, 1876-

90 ; Hibbert Lect., 1887 ; Giflbrd Lect., 1900-1

;

author of ‘ Babylonia,’ ‘ Cyrus,’ ‘ Darius,’ ‘ Gram-
mar,’ ‘Humboldt,’ ‘Inscriptions’ (Cuneiform
and Semitic), ‘Lydia,* m Ninth Edition of
‘Ency. Bnt.,’ ‘Assyrian Grammar for Com-
parative Purposes,’ ‘Translations in Records
of the Past,’ 1st series ;

‘ Lectures on the
Assyrian Language and Syllabary,’ ‘Baby-
lonian Literature,’ ‘Introduction to the Science
ofLanguage,* ‘The Monuments of theHittites,’
‘ Fresh Light from the Monuments,’ ‘ The
Ancient Empires of the East,’ ‘ Hibbert
Lectures on Babylonian Religion,* ‘ The
HittiteSj’ ‘The Races of the Old Testament,’
‘ The Higher Criticism and the Verdict of the
Monuments,’ ‘The Egypt of the Hebrews
and Herodotus,’ ‘ Early History of the
Hebrews-’ (A. H. S.)

SCHIDROWITZ, Philip, Ph.D. Berne;
P. C.8. (Great Bntain aiifl Germany); Member
of Societies of Chemical Industry and of Public
Analysts ; author (joint) of various papers on
Acids, Wine, Analyses, etc. (P. S.)

SCHIIiliER, F. C. S., M.A.
;
Fellow and

Tutor of C.O.C. Oxford. (F. 0. S. S.)

SCHINDLER, Gen. Sir A. Houtum-,
C.LE.

;
general in the Persian army; has

resided, as Persian oflicial, and travelled for
many years in Persia; author of ‘Eastern
Persian Irak,* etc. (A. H.-S.)

SCHI.ICH, William, Ph.D., O.I.E., F.R.S.;
Professor of Forestr}*-, Cooper’s Hill Coll.;
appointed to the Indian Forest Department,
1866 ; Conservator of Forests, 1S71 ; Inspector-
General of Forests to the Government of India,
1881 ;

organized the first School of Forestry in
England at Cooper’s Hill, 1885; author of ‘A
Manual of Forestry.’ (W. Son.)

SCHIiOSS, David, M.A ; author of works on
labour questions. (D. Son.)

SCHOULER, James, LL.D.; Professor School
of Law, Boston Umversity, and Lecturer at
Johns Hopkins University, Baltimore ; author
of ‘History of the United States under the
Constitution’ and numerous works on Juris-
prudence. (J. ScH.)

SCHRADER, Franz ; Prix Gay de I’Acad^mie
des Sciences; editor of ‘L’Annee Cartogra-
phique,’ * Le Tour du Monde ’

; author of ‘Aper^u
de la Structure Geologique des Pyr^n^es,’
etc. (P. ScH.)

SCHURMAN, Jacob Gould, D.Sc., LL.D.;
President and sometime Professor of Philo-
sophy, Cornell University; Chairman of the
U.S. Philippine Commission, 1899; author of
‘ Kantian Ethics,* ‘ Ethics of Evolution,’ ‘ Ag-
nosticism and Religion,’ etc. (J. G. S*.)

SCHX7RZ, Hon. Carl, LL.D. ; Secretary of
the Interior under President Hayes

; author of
‘Life of Henry Olay,’ ‘Abraham Lincoln,’
‘Speeches.’ (C. S.)

SCOTT, Austin, Ph.D., LL.D.; President
Rutgers College and Bulgers Scientific School,
New Jersey. (A. Sc.

)

SCOTT% Dukinfield Henry, M.A., Ph.D.,
F.R.S. ; Honorary Keeper Jodrell Laboratory,
Royal Gardens, Kew; Assistant Professor of
Botany, Univ, Coll., London, 1882-85; Royal
CoU. of Science, Loudon, 1885-92; a General
Secretary of the British Association; co-
operated with the late Professor W. 0, William-
son in his ‘Researches on Fossil Plants’

;
one of

the editors of the ‘Annals of Botany’ ; author
of ‘An Introduction to Structural Botany,’
‘ Studies in Fossil Botany’

; author and joint-
author ofmany botanical papers. (D. H. S.)

SCOTT, Harold Spencer s Barrister-at-Law,
Lincoln’s Inn. (H. S. S.)

SCOTT, Sir James George, G.O.I.B.
; Wa:

Correspondent in Perak, 1876-76 ; Burma, 1879
Hong Kong, 1883-85 ; joined Burma Commissioi
in 1886; member of Anglo -Siamese Boundary
Commission, 1889-90 ; Superintendent Northeri
Shan States, 1891; Chaxg^ d’Aflaires in Bang
kok, 1893-94; British Commissioner, Mekong
Commission, 1894-96; British Commissione:
Burnxa-Ohina Boundary Oommission, 1898-1900
ai^or of ‘ The Burman, His Life and Notions,
‘rrouce and Tongkina* ‘Burma,’ ‘The Uppe
Burma Gazetteer.^ * (J. G. Sa

Jobn, M.A., D.C.L.,
K.O.M.G.

; Deputy Judge -Advocate -General
to His Majesty’s Forces

; Judge, afterwards
Vice-President, International Court of Appeal
in Egypt, 1874-82; Judge of High Court,
Bombay, 1882-90 ; Judicial Advi&er to the
Khedive of Egypt, 1890-98; Vice-President
International Law Association

; Grand Cordon
of the Medjidieh; Grand Cordon of the Os-
manieh. (jjto. S.)

SCOTT, Leslie Frederic s Barrister-at-Law,
Inner Temple. (L. F. s.)

SCOTT, W. W,; foreign sub-editor of ‘The
Times.’ (W. W. S* )

SCOTT-MONCRIEFF, Sir Colin Camp-
bell, K.C.M.G., C.S.L, LL.D.

; Under-Sec-
retary for Scotland ; Irrigation Depart. N.W.
Provinces ; Chief Engineer, Bunnah

; Under-
secretary of State Public Works, Memshy,
Cairo, 1883-92 ; author of ‘Irrigation in Southern
Europe.’ (0. S. M.)

SCRUTTON. T. E., M.A., K.C. ; Barrister,
Inner Temple ; author of * Law of Copyright,’
etc. (T.E.S.)

SCUDDER, Horace Elisba, Litt.D., the
late ; editor of ‘ The Atlantic Monthly,* 1890-98

;

author of ‘ History of the United States,’ ‘ Book
of Fables,’ ‘The Life of James Russell LoweU,’
etc. (H E. S* )

SECCOMBE, Tbomas, M.A. ; assistant editor,
‘ Dictionary of National Biography ’

; author of
‘The Age of Johnson,’ etc. etc. (T. Se.)

SEDGWICK, Adam, M.A., F.R.S.
; Fellow

and Tutor of Trin. Coll. Cambridge , Reader of
Animal Morphology in the University. (A Se*.)

SETON-KARR, Henry, M.A, M.P.;
travelled and shot big game in Western America,
British Columbia, and Norway ; writer on sport
and allied subjects- (H. S.-E.>

SEWARD, Albert Cbarles, M.A, P.R.S.,
P.L.S., F.R.G.S. ;

University Lecturer in
Botany, Cambridge ; Late Fellow of St John's
College

;
Fellow and Tutor in Natural Science

at Emmanuel College, Cambridge; author of
‘ Fossil Plants as Tests of Climate,’ ‘The Weal-
den Flora,’ ‘ Fossil Plants for Students of Botany
and Geology,’ ‘ The Jurassic Flora,’ also various
Botanical papers contributed to scientific

journals. (A 0. Se.)

SHADWELL, A., M.D. ; author of ‘Taller-

man Treatment by Superheated Dry Air,’ ‘ The
London Water Supply,’ etc. (A. Su)

SHADWELL, L. L., M.A. ; Barrister-at-Law^
Lincoln’s Inn; re^dslng barrister, Middlesex,
1886-1902. (L. L. S.)

SHARP, David, M.A, M.B., C.M., P.R.S.

;

Past President of Entomological Societv of
London

;
author of ‘ Aquatic Carnivorous Cole-

optera, ‘Insects.’ (D. S*.)

SHARP, Robert Farqiibarson, B.A.;
Assistant Librarian, British Museum; edited
‘Lytton’s Plays,' author of ‘Dictionary of
English Authors,’ Wagner’s drama, ‘ Der Ring
des Nibelungen,’ ‘Translation of Victor Hugo's
“Hemani,”’ ‘Makers of Music,’ ‘Architects of
English Literature.’ (R- P. S.)

SHAW, Albert, Ph.D. ; editor of the American
‘ Monthly Review of Reviews ’

;
author of ‘ Local

Government in Illinois,' ‘Municipal Govern-
ment in Great Britain,’ ‘ Municipal Government
in Continental Europe,’ etc. (A Sw.)

SHAW, Flora L. (Miss) ; special correspon-
dent lor ‘The Times’ to South Africa and
Australia, Canada and Klondike; author of
articles on British colonial questions- (F. K S.)

SHAW, Herbert, B.A ; Secretary of the
Tyneside Geographical Society. (H. Sh.)

SHAW, Hon. Leslie Mortier, LL.D.;
Secretary of the U.S. Treasury; formerly
Governor of the State of Iowa. (L. M. S.)

SHAVLOR, J. : manager to Simpkin, Marshall,
and Co. (J. Sh*.

)

SHEARMAN, Montag^ue; past President
O.U.A.C. :

joint-author of ‘Football: Its

History for Five Centuries,’ author of ‘ Athletics

and Football.’ (M. S.)

SHEARMAN, Tbomas Gaskell, the late

;

joint-author of ‘Shearman and Redfield on
Neghgence’; author of ‘Natural Taxation,’

‘Crooked Taxation,’ * Distribution of Wealth,*
‘The Single Tax,’ etc. (T. G. S.)

SHERRINGTON, Charles S., M.A,
M.D., F.R.S. ;

Professor of Physiology, Univ.
Coll. Liverpool ;

Member of Council of Royal
Society; Late Brown Professor of Pathology,
University of London; Lecturer on Physi-
ology, StThomas’s Hospital, London ; Oroonian
Lecturer, Royal Society ; Member of the Com-
mission on Asiatic Cholera, 1886; Anglo-
American Secretary, International Congresses
of Physiology, Li^ 1892, Berne 1896, Oan^-
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bridge 1898, Turin 1901 ; author of numerous
scientific papers to the Royal and other
scientific societies, especially on the brain and
nervous system. (0. S. S.)

SHERWEIilif Arthur; author of works on
Temperance questions. (A. Sh.)

SHIPLEY, Arthur Everett, M.A., F.Z.S.

;

Fellow, Tutor, and Lecturer at Christ’s College,

Cambridge ; Lecturer on Advanced Morphology'
of thelnvertebratain the University; Demon-
strator of Comparative Anatomy in the Uni-
versity, 1885-94; Fellow of Christ’s College,

1SS7 ;
Member of the Council of the Senate,

1896 ; author of ‘ Zoology of the Invertebrata’

;

author of ‘Vine Disease,’ ‘Wasps,’ ‘Wheat
Pests,’ in Ninth Edition of ‘Ency. Brit.’;

joint-editor and part-author of the ‘Cambridge
Natural History’; editor of the ‘Pitt Press
Natural Science Manuals,’ Biological Series;

part -author of *A Text -Book on Zoology,’

etc. (A. E. S.)

SHORTER, Clement Kin^; editor of
‘The Sphere’; late editor of the ‘Illustrated

London News,’ the ‘Sketch,’ and the ‘English
Illustrated Magazine’; author of ‘Charlotte
Bronte and Her Circle,’ ‘ Sixty Years of Vic-

torian Literature,’ etc. etc. (0. K. S.)

SIBREE, Rev. James; for over twenty
years a missionary in Madagascar ; author of
‘Madagascar’ in the Ninth Edition of the
‘Ency. Brit.,’ ‘Madagascar and its People,’
‘ The Great African Island,’ ‘ Madagascar before

the Conquest,’ etc. (J. Si*.)

SIMPSON, Alexander Russell, M.D.

;

Professor of Midwifery and the Diseases of
Women and Chil^en, University of Edin-
burgh ;

editor of Sir James Y. Simpson’s
‘Lectures on Diseases of Women’; author of
‘ Contributions to Obstetrics and Gynaecology,*
and of an ‘Atlas of the Frozen Section of a
Cadaver in the Genu - pectoral Position’

(along with Dr Berry Hart), and many
Memoirs. (A. R. S.)

SIMPSON, Rev. James Grilliland, M.A.;
Principal ofLeeds Clergy School ; lately Rector
of St Paul’s, Dundee. (J. G. Si.)

SIMPSON, Lieut. - Col. W. A. ; Assistant
Adjutant-General U.S, War Department; In-

structor U.S. Military Academy, West Point,

1883-87. CW. A. S.)

SINCLAIR, P. G,, M.A., F.L.S.; author of !

many biological papers in scientific journals,

etc. . (P.G.S*.)

SKINNER, Frank C.
;
Principal Examiner

and Chief of Classification Division, U.S. Patent
Office. (F. 0. S.)

SLOANE, Tbomas O^Conor, Ph.D., A.M.

;

late Professor Nat. Sc,, Seton Hall Coll.,

South Orange, N.J. (T. O’O. S.)

SLOANE, William MUU&au, Ph.D.,
L.H.D., LL.D. ; Professor of Histoiy, Columbia
University, New York ; sometime Professor of
History in Princeton University, and editor of
the ‘Princeton Review’; Secretary to George
Bancroft in Berlin, 1873-75 ; author of ‘ The
French War and the Revolution,’ ‘Napoleon
Bonaparte,* etc. (W. M, S.)

SLOCUM, WilUam F., LL.D.; President
Colorado College. (W. F. S.)

SMITH, Benjamin Eli, A.M. ; assistant

editor of the 'Century Dictionary’; editor of
the ‘Century Cyclopaedia of Names,’ and of
the ‘ Century Atlas.’ (B. E. S.)

SMITH, Hon. Charles Emory; Post-
master-General, Washington, D.O. ; formerly
United States Minister to Russia ; editor of the
‘ Philadelphia Press’ since 1880. (0. E. S.)

SMITH, Georgre Barnett, F.RG.S. ; author
of ‘ Mrs Browning,’ in Ninth Edition of ‘ Ency.
Brit.,' ‘Shelley,’ ‘Life of Mr Gladstone,’

‘Victor Hugo,’ ‘The Life of Mr Bright,’ ‘The
Prime Ministers of Queen Victoria,’ ‘Life and
Enterprises of Ferdinand de Lesseps,’ ‘The
Life of Queen Victoria,’ etc. (G. B. S.)

SMITH, Hubert Llewellyn, M.A. ; Deputy
Controller-General and Labour Commissioner,
Labour Department, Board of Trade ; Cobden
Pi^e, Oxford, 1890- CH- L. S.)

SMITH, Dr Hu^h M. ; in charge of Division
of Inquiry respecting Food Fishes, U.S. Com-
mission of pish and Fisheries. (H. M. S*.)

SMITH, John, O.B.; Inspector -General in
Bankruptcy. (J. Sm*.)

SMYTH, Herbert Warringcton, M.A.,
LL.M.;P.G.S., F.B.G.S.; Sec. Mining Dept,
Transvaal ; Order of the White Elephant, Siam

;

Sec. Siamese Lotion, 1898-1901; author of
* Journey on the uppw Mekong,’ * Five Tears in
Siam,* etc. (H. W. Sm.)

SNOW, Francis Huntingdon, LL.D.; Chan-
cellor of the University oflansas. (F. H. S.)

SNOW, Marshall Solomon, A.M. ; Pro-
fessor of History and Dean of the College,
Washington University, St Louis, Missouri

;

author of ‘Missouri* in Ninth Edition of
‘Ency. Brit.,’ ‘The City Government of St
Louis.’ (M. S. S.)

SOdeRBERG, Dr E. ;
of the Central Statis-

tical Bureau, Sweden; author of ‘Samuel
Johan Hedbom,’ etc. (E. So.)

SOULE, R. H., B.A., M.B. ; sometime General
Manager of the Erie R. R. (R. H. So.)

PIELMANN, Marlon H.j editor of the
‘Magazine of Art’ since 1887'^; art critic to
‘Daily Graphic’ until, in 1891, art editor and
part-founder of ‘ Black and White ’

; author of
‘Works of G. F. Watts, R.A.,’ ‘Henrietta
Bonner,’ ‘History of “Punch,”’ ‘Millais and
his Works,’ ‘The Unidentified Clontributions of
Thackeray to “ Punch,”’ ‘John Ruskin,’ ‘Notes
on the Wallace Collection in Hertford House,*
‘The Portraits of Geoflkey Chaucer,’ ‘British
Sculpture and Sculptors of To-day.’ (M. EL S.)

SPIERS, R. Phen^, F.S.A, F.R.I.B.A.;
Master of the Architectural School and Sur-
veyor of Royal Academy ; Associate and Hon.
Fellow of King’s Coll. London ; Past President
of Architectural Association; Member of
Council Royal Institute of British Architects

;

Hon. and Corres. Member of the Societe
Centrale des Axchitectes, Paris; Sociedad de
los Arquitectos, Madrid ; edited ‘ Pugin’s Nor-
mandy,’ ‘Fergusson’s History of Architecture ‘

;

author of ‘ Architectural Drawing,' ‘ Architec-
tural Essays onPierrefonds,’ *Domed CJhurches in
Perigord,’ ‘ Mosqueat Damascus,’ etc. (R. P. S.)

SPRING-RICE, Stephen Edward, C.B.;
Principal Clerk H.M. Treasury

;
Auditor of the

Civil List; private secretary to successive
Financial Secretaries to the Treasury, 1881-

1888, and to Chancellor of the Exchequer,
1SS6. (S. E. S.-R.)

SQUIRE, William Barclay, B.A,, F.S.A.,
F.R.G,S. ;

Assist. Bnt. Museum ; Hon. Sec.
Purcell Soc. ; Joint Hon. Sec. Eng. Com. Inter-
national Music Society ; late musical critic of
‘Westminster Gazette,’ ‘Saturday Review,’ and
‘Globe’ (London); author of various articles
on ninsic ; and editor of ‘ Byrd’s Masses ’

‘ The
FitzwiHiam Virginal Book,’ etc. (W. B. S*.)

STANTON, Rev. Vincent Henry, D.D.,
M.A. ; Ely Professor of Divinity, Cambridge,
and Canon of Ely ; Hulsean Lecturer, 1879

;

author of ‘The Jewish and the Christian
Messiah,’ ‘ The Place of Authority in Matters of
Religious Belief.’ (V. H. S.)

STATHAM. H. H.; editor of ‘The Builder’;
author of ‘'^Architecture for General Readers,’
‘ Architecture among the Poets.’ (H. H. S.)

STEBBING, Rev. ThomasRoscoe Rede,
M.A., P.R.S., P.L.S., F.Z.S.

;
Fellow of King’s

College, London; Fellow of Worcester Coll.

Oxford; prepared Report on the Amphipoda
of the ‘Challenger’ Expedition; Chairman of
Conference of Delegates, corresponding societies
of British Association, 1899 ; author of * Trans-
lation of Longinus On the Subhme,’ ‘ Essays on
Darwinism,’ ‘ “Challenger” Reports,’ ‘Zoology,’
‘A History of Crustacea,’ etc. (T. R. R. S.)

STEDMAN, Edmund Clarence, L.H.D.,
LL.D.; poet and critic; author of ‘Poems,’
‘Victorian Poets,’ ‘Poets of America,’ ‘The
Nature and Elements of Poetry’; editor of
‘Library of American Liteiature,’ ‘Victorian
Anthology,’ etc. (E. 0. S.)

STEED, H. WICKHAM
;
Correspondent of

‘ The Times ’ at Rome. (H. W. S.)

STEPHEN, Sir Herbert, Bart., LL.M.

;

Clerk ofAssize for the Northern Circuit ; author
of ‘The Law Relating to Malicious I^osecu-
tions,’ ‘ Prisoners on Oath,’ etc. (H. S*.)

STEPHEN, Leslie, Litt.D., M.A.; Hon.
Fellow of Trin. Hall, Camb. ; President of
Ethical Society ; formerly Fellow and Assistant
Tutor, Trin. Hall CoU., and Clark Lecturer in
English Literature ; editorofComhill Magazine,
1871-82; Dictionary of National Biography,
1882-91; author of ‘Hours in a Library,’
‘ History of English Thought in the Eighteenth
Century,’ ‘Essays on Freethinking and Plain
Speaking,* ‘The Science of Ethics,’ ‘Life of
Heniy Fawcett,’ ‘An Agnostic’s Apology,’ * Life
of Sir James Fitz-James Stephen,’ ‘Studies of a
Biographer,’ ‘ The English Utilitarians’ ; edited
‘ Letters ofJohn Richard Green.’ (L. S.)

STEPHENS, F. G. one of the Pre-Raphaelite
Brotherhood ; late art critic ofthe ‘ Athenaeum ’

;

author of ‘ Landseer ’ in Ninth Edition of * Ency.
Brit.,* ‘Catalogue of Satires* (Brit. Mus.),
‘Artists at Home,’ ‘George Cruikshank,*
‘Memorials of W. ‘Mulready,’ ‘French and
Flemish Pictures,* ‘Sir B. Landseer,’ ‘T. 0.
Hook, R.A.,’ etc. (F, G. S.)

STERLAND, Miss M. B. : writer on Ecclesi-
astical History. (M. B. S.)

STERLING, Maj.-Geu. John B.; Egypt,
1882 ; Sudan and Cyprus, 1885. (J. B. S.)

STEWART, John Alexander, M.A., LL.D.

;

Tutor of Christ Church ;
Whitens Professor of

Moral Philosophy, Oxford ; author of ‘ The
English MSS. of the Nicomachean Ethics,*
‘ Notes on the Nicomachean Ethics.’ (J. A. Sr.)

STOCK, Eugene; Editorial Secretary of the
Church Missionary Society. (E. Sr.)

STOCKMAN, Ralph, M.D., F.RC.P.Ed.,
F.R.S.Ed.; Professor of Materia Medica and
Therapeutics, University of Glasgow ; assistant
in the University of Edinburgh for six years,

and afterwards Lecturer on Materia Medica in
the School of Medicine. (R. S*-)

STRANGE, Edward Falrbrother ;
Assist-

ant Keeper, National Art Library; Assistant,
South Kensington Museum, 1889 ; National Art
Library, 1891 ; author of ‘Alphabets : a Hand-
book of Lettering,’ ‘Japanese Illustration,’

‘Worcester, the Gathedial and City,’ and
numerous essays on art subjects. (E. F. S.)

STREATFIELD, R. A., B.A. ; author of
‘Masters of Itahan Music,' ‘The Opera,*
etc. (R. A. S.)

STURT, H. ; Queen’s College, Oxford. (H. Sr.)

SUPLEE, Heaary Hamson, B.Sc. ; Member
of the American Society of Mechanical En-
gineers ; Member of the Franklin Institute

;

Membre du Societe des Ingenieurs Civils de
France; Mitglied des Vereines Deutscher In-
genieure ;

associate-editor of ‘Engineering Maga-
zine,’ New York and London; author of the
English tianslation of Beuleaux’s ‘Konstruk-
teur,’ and other works. (H. H. S*.)

SWINBURNEjAlgemox Charles; author
of ‘ Beaumontand Fletcher,’ ‘ Congi'eve,’ ‘ Keats,*
‘Landor,’ ‘Marlowe,* ‘Mary’ (of Scotland),
‘Tourneur,* ‘John Webster,’ in Ninth Edition
of ‘Ency. Brit., ‘Tlie Queen -Mother, and
Rosamond,’ ‘Atalanta in Calydon,’ ‘ Chastelard,’
‘Poems and Ballads,’ ‘William Blake,’ ‘Songs
before Sunrise,’ ‘Bothwell,’ ‘So-ngs of Two
Nations,* ‘George Chapman,’ ‘Poems and
Ballads’ (2nd series), ‘AStudy of Shakespeare,’
‘Mary Stuart,’ ‘Tristram of Lyonesse, and
other Poems,’ ‘Miscellanies,* ‘A Study of
Victor Hugo,’ ‘Locrine,’ ‘Poems and Ballads’
(3rd series), ‘Study of Ben Jonson,’ ‘Studies
in Prose and Poetry,’ ‘ Rosamund, Queen of the
Lombards,’ etc. (A 0. S.)

SYMONS^ Arthur
;
author of ‘An Introduction

to the Study of Browning,* ‘ Days and Nights,’
‘Silhouettes,’ ‘London Nights,* ‘Studies in
Two Literatures,’ ‘The Symbolist Movement in
Literature,’ ‘Images of Good and Evil,* ‘Col-
lected Poems.* (A. Sy.)

SYMONS, H. ; British Museum. (H. Sy.)

T
TAIT, Peter Guthrie, M.A, D.Sc., the late;

Professor of Natural Philosophy, Edin. ; Sec.
Royal Soc.

,
Edin.

;
Hon. Fellow St Peter’s Coll.,

Cambridge ; Professor of Mathematics, Queen’s
CoU., Belfast, 1854: ;

author of ‘ Light,’ ‘Sir

W. Rowan Hamilton,’ etc., in Ninth Edition
of ‘Ency. Brit.,* ‘Dynamics of a Particle,’
‘ Quaternions,’ ‘ Thermo - Dynamics,’ ‘ Heat,'
‘Light,’ etc. (P. G.T.)

TANSLEY, A. G., M.A, F.L.S. ; Asst. Pro-
fessor of Botany, University Coll., London

;

author of ‘ Memoirs on the Anatomy of Plants *

;

editor of ‘The New Phytologist,’ etc, (A G. T.)

TAUSSIG, Frank William, Ph.D., LL.D.;
Professor of Political Economy, Harvard Uni-
versity, and editor of the ‘ Quarterly Journal
of Economics ’

; author of ‘ Tariff History oi

the United States,* ‘Wages and Labour,’
etc. (F. W. T.)

TAYLOR, Charles, M.A, D.D., Hon. LL.D.
(Harvard); Master of St John’s CoU., Cam-
bridge ; author of ‘ Geometrical Comes,’ ‘ The
Gtospel in the Law,’ ‘The Teaching of the
Twelve Apostles,’ etc. (C. T*.)

TAYLOR,Hon. Hannis, LL.D. ; U.S. Minister
to Spain, 1893-97 ;

author of ‘ The Origin and
Growth of the English Constitution.’ (H. T*.)

TCHERTKOFF, V.; author of ‘Christian
Martyrdom in Russia ’

; agent for Count
Tolstoy in England, (V. T.)

TEDDER, HenryRichard, F.S.A; Secretary

and Librarian of the Athenseum Club ;
librarian

to Lore! Acton, 1878-74; one of the organisers

and joint-sec. of 1st International Conference

of Librarians, 1877 ; joint hon. sec. of Library
Association, 1878-80 ; hon. treas. of the same,
1889-97, and 1898-1901; President, 1897-98;

treas. and sec. Metropolitan Free Libraries’

Committee, 1878-80; hon. treas, second Inter-

narional Conference of Librarians, 1897 ; joint-

editor of first three volumes of Transactions of
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Library Association, and of Beports of 1st and
2nd International Library Conference; author
of ' Libraries,’ etc., m Ninth Edition of ‘ Buoy.
Brit.,' and of many papers in publications of

Library Association, some printed separately,

articles in reviews, etc. (H. B. T.)

TBIiBINy William
5

English scenic artist;

author of ‘Scenery,’ ‘Act Drops,’ etc., in
‘ Magazine of Art,’ etc. (W. Te.)

TBMFliE. Xiient.-Col. Sir Richard
Camac, Bt., C.I.E. ; Knight of Grace; Chief
Commissioner, Andaman and Nicobar Islands,

and Superintendent, Penal Settlement at Port
Blair ; servedAfghan Campaign, 1878-79;Burmah
War, 1887-89 ; Cantonment Magistrate, Panjab

;

Assistant Commissioner, Burmah, and Canton-
ment Magistrate, Mandalay, 1887; Deputy-
Commissioner, 1888; to special duty with
Government of India, 1890 ; OfiOLcial President,

Rangoon Municipality, and Port-Commissioner,
Rangoon, 1891 ; has been member of the Council
R. Asiatic Soo. ; Asiatic Soc., Beng. ; Cor.
Member American Philosophical Socy. ; Smith-
sonian Institute

;
Numismatic Socy. of Phila-

delphia ;
edited ‘ Fallon’s Diet, of Hindustani

Proverbs,’ ‘Burnell’s Devil-Worship of the
Tuluvas’; has been editor and proprietor of
the ‘Indian Antiquary,’ since 1884; founded
and edited the ‘Panjab (Indian) Notes and
Queries,’ 1883-87. (R. C. T.)

THAYEf^ William Roscoe, A.M.; editor
of ‘The Harvard Graduates* Magazine ’; author
of ‘The Dawn of Italian Independence,’ ‘ Poems
New and Old,’ ‘ Throne Makers,’ etc. (W. R. T.)

THROBAIiB, P. V., M.A. ; Foreign Member
of Association of Economic Entomologists,
TJ.S. ; Zoologist to the South-Eastern Agri-
cultural College

;
Lecturer in Economic Ento-

mology to the Horticultural College, Swanley

;

author of ‘A Text -book of Agricultural Zoo-
logy,’ ‘The Parasitic Diseases of Poultry,’
‘ British Flies,’ ‘ Insect Life,’ etc. (F. V. T.)

THOMPSON,SirRdwardMaimde,K.C.B.

,

D.C.L., LL.D., V.P.S.A. ; corresponding mem-
ber of the Institute of France and of the Royal
Prussian Academy of Sciences ; Director and
Principal Librarian, Brit. Museum; Assis.

Brit. Mus., 1861; Keeper of the MSS. and
Egerton Librarian, 1878; Sandars Reader in
Bibliography, Cambridge, 1895-96; editor of
‘Chronicon Angliae*; author of ‘Miniature,’
‘Paleography,’ etc., in Ninth Edition of
‘Bncy. Brit.,’ ‘Letters of Humphrey Prideaux,’
‘Correspondence of the Family of Hatton,’
‘Chronicon Adae de XTsk, 1377-1404,’
‘Diary of Richard Cocks in Japan, 1615-22,*

‘Chronicon Galfridi le Baker de Swynebroke,
1303-1356,’ ‘Adae MurimuthContinuatio Chroni-
corum, 1303-1347,’ ‘Robertus de Avesbu^ de
gestis mirabilibus Regis Bdwardi Tertii’ : joint-

editor of publications of the Palaeographical
Society, and of the Facsimile of the Laurentian
Sophocles, ‘BEaudbook of Greek and Latin
Palaeography.’ (E. M. T.)

THOMPSON^ Sir Henry, Bt., F.R.C.S.,
M,B,, London ; Surgeon Extraordinary to King
of the Belgians; Com. Order of Leopold;
Consulting Surgeon to University Coll. Hospital,
London, and emeritus Professor of Clinical

Surgery; surgeouto University Coll. Hospital,
1863; Professor of Pathology and Surgery,
Royal College of Surgeons, 1884 ; President of
the Cremation Society of England ; author of
‘ Practical Lithotrity and Lithotomy,* ‘ Crema-
tion, or Treatment of the Body after Death,’
‘ Modem Cremation,’ ‘ Charley Kingston’s Aunt,’
‘All But,’ ‘On Food and Feeding,’ ‘Diet in
Relationto Age and Activity,’ etc. etc. (H. Ta.)

THOMSONf Basil P. j
Governor of Cardiff

Prison ; late of the Colonial Service ; acted as
Prime Minister of Tonga, etc. ; author of
‘Diversions of a Prime Minister,’ ‘South Sea
Tarns,’ etc. (B. P. T.)

THOMSON. David Croal; editor of ‘The
Art Journal’; author of ‘The Life and Work
of Thomas Bewick,’ ‘ The Life and Work of
H. K. Browne (“ Phiz”),’ ‘The Barbizon School
of Painters,’ ‘Corot,’ ‘Luke Fildes, R.A.,’ ‘The
Tate Gallery,’ ‘Fifty Tears of Art,’ ‘The Paris
Exhibition, 1900.’ (D. 0. T.)

THOMSONj
Prof- RlihUji Electrician for

the General Electric Company; inventor of
electric welding and other important electrical
appliances. (B. T.)

THOMSON^ John Arthur, M.A. ; formerly
Lecturer on Zoology and Biology, School of
Medicine, Edinburgh; Remus Professor of
Natural History, Aberdeen university; part-
author of ‘Evolution of Sex’; author of ’'The
Study of Animal Life,’ ‘ Outlines of Zoology,’
‘The Natural History ofthe Tear,’ ‘ The Science
of Life,’ etc. (J. A, T.)

THOMSON, Joseph John, D.Sc., LL.D.
Glasgow and Princeton, Ph.D. Cracow, F.R.S.

;

Cavendish Professor of Experimental Physics,
Cambridge ; Fellow ofTrinity College ; Lecturer

Trinity College ; Roy. Socs. Upsala and Turin

;

President of Cambridge Philosophical Society,
1894; President of Section A, British Associa-
tion, 1896; author of ‘A Treatise on the
Motion of Vortex Rings,’ ‘Application of
Dynamics to Physics and Chemistrj^' ‘lucent
Researches in Electricity and Magnetism,’
‘Elements of the Mathematical Theory of
Blectncity and Magnetism,’ etc. (J. J. T.)

THORODDSRN, Dr Theodor H. ; Ice-
landic expert and explorer ; author of ‘ History
of Icelandic Geography,’ etc. (Th. T.)

THURSFXRLD, James Richard, M.A;
formerly Fellow of Jesus Coll., Oxford ; author
of ‘ Peel,’ ‘ The Na'v^ and the Nation,’ conjointly
with Sir George S. Clarke. (J. R. T.)

THURSTON, Prof. Robert Henry^ A.M.,
O.E., LL.D.

;
Director of Sibley College, and

Professor of Mechanical Engineering, Cornell
University; sometime President Am. Society
Mechanical Engineers; inventor of Testing
Machines, etc. ; author of ‘Manual of the Steam
Boiler,’ ‘History of the Steam Engine,*
‘ Materials of Engineering,’ etc. (R. H. T.)

THWING, Charles Pranhlin, D.D., LL.D.;
President Western Reserve University and
Adelbert College ; author of ‘Anencau Colleges,*
‘ The Reading of Books,’ ‘ Within College
Walls,* ‘American College in American Life,*

etc. (0. F, T.)

TIBDBMANN, H. j Anglo-Dutch journalist

;

ex-President of the Foreign Press Associa-
tion. (H. Ti.)

TODD (J.), Spencer Brydges. C.M.G.

;

Secretary Dept, of Agent-General for Cape of
Good Hope in London ; Executive Com-
missioner, Paris, for Universal Exhibition, 1878

;

appointed by H.R.H. Prince of Wales a
member of the International Jury

;
author of

‘ The Resident Magistrate at the Cape of Good
Hope,’ ‘ Handy Guide to Laws and Regulations
at the Cape of Good Hope.' fS. B. T.)

TRRBLE, Rev. Rdmiind John, A.K.C.L.

;

Eng. Chap., Wiesbaden; author of ‘Plain
Teaching about the Church of England,’
etc. (E. J. T.)

TRENT, William Peterfielc^ AM., LL.D.

;

Prof, of English, Columbia University, New
York; formerly editor of the ‘Sewanes Re-
view’ ; author of ‘English Culture in Virginia,’

‘Southern Statesmen of the Old Regime,*
‘ Life of William Gilmore Simms,’ ‘ Robert B.
Lee,’ etc. (W. P. T.)

TRIPP, Hon. Bartlett
I

late TT.S. Minister to
Austria ; Cliief-Justiee of the Supreme Court of
Dakota Territory, 1885-89. (B. T.)

TROTTER, Lient..Colonel Henry, C.B. ;

British Delegate on the European Commission
of the Danube, and HB.M. Consul-General
for Roumania ; served 1863-75 on great Trigono-
metrical Survey of India ; accompanied mission
to Yarkand and Kashgar, 1873-74 ; special service
in China, 1876; additional military attach^ at
Constantinople during Turko-Russian War,
1877-78 ; Consul for Kurdistan, 1878-82 ; military
attach^, Constantinople, 1882-89 ; Consul-
General in Syria, 1890-94 ; has acted as H.M.
Charg4 d’Affaires at Bucharest; author of
various papers contributed to the Royal Geog.
Soc. (H. Tr.)

TROUP, Charles Edward, M.A., C.B.

;

Principal Clerk in the Home Oihce since 1896

;

chairman of Committee on Identification of
Habitual Criminals ; editorof * JudicialStatistics
of England and Wales’ ; author of ‘ The Future
of Free Trade.’ (0. E. T.)

TUKE, Sir John Batty, M.D., D.Sc.,
F.R.C.P.Ed., F.R.S.Bd., M.P. ; Medical Super-
intendent, Saughton Hall Asylum, Edinburgh

;

Member of General Medical Council of Registra-
tion and Education ; Medical Superintendent
of Fife and Kinross Asylum, 1865-73 ; author of
‘ Aphasia,’ ‘Hippocrates,’ ‘Hysteria,* ‘ Insanity,
in Ninth Edition of ‘Bncy. Brit.,’ ‘Morrison
Lectures,’ ‘Insanity of Over-exertion of the
Brain.’ (J. B. T.)

TURNER, Cuthbert Hamilton, M.A.

;

Fellow ofMagdalen College, Oxford; co-editor of
the ‘ Journal of Theological Studies.’ (0. H. T.)

TURNER, Frederick J., Ph.D. ; Professor of
American History, Univeraity of Wisconsin;
author of ‘Wisconsin,’ in Ninth Edition of
‘Bncy, Brit.’ (F. J. T.)

TURNER, Herbert HaU, D.Sc., F.R.S.

;

Saviiian Professor of Astronomy, Oxford

;

Fellow of New College, Oxford; member of
Senate of Cambridge University; formerly
Fellow of Trim CoU. Camb., and chief assistant
Royal Observatory, Greenwich ; author of
‘Modem Astronomy.* (H. H. T.)

TYLOR, Edward Bnmett, LL.D., D.C.L.,
F,R.S. ; Professor of Anthropology, Oxford;
Keeper of the University Museum since 1883

;

author of ‘Anthropology,’ ‘Cannibalism,’ ‘De-
monology,’ ‘Giant,’ ‘Magic,* etc., in Ninth
Edition of ‘Ency. Brit.’; ‘Anahuac, Mexico
and the Mexicans,’ ‘Researches into the Early
History of Mankind,’ * Primitive Culture,’
‘ Anthropology,’ ‘The Natural History of
Religion.’ (E. B. T )

UB^TA, Gojij Chancellor of the Japanese
Legation, London. gj. XJ.)

UNWIN, William Cawtbome, FRS
Life M.I,M.E.; Hon. Mem.'^I

Soc. M.E. ; Hon. Assoc. R, I. Brit. Achitects

;

Professor of Civfi and Mechanical Engineering
Central Technical College, City and Guilds of
London Institute ; instructor at Royal School
of Naval Achitecture and Marine Engineering
Kensington, 1868-72; Professor of Hydraulic
Engineering, Royal Indian Engineering College,
Cooper’s Hill, 1872-85

; Professor of Engineer-
ing, Central Technical College of the Guilds of
London, Kensington, since 1885; President,
Section G, British Association, 1892; on the
Council of Royal Society, 1894 ; on the Council
Inst. Civil Engineers, 1900; on the Senate
London University, 1900; author of ‘Hy-
draulics,’ etc., in Ninth Edition of ‘Bncy. Brit.,’
‘Wrought Iron Bridges and Eoofe,’ ‘Machine
Design,’ ‘The Testing of Matenals of Con-
struction,’ ‘The Development and Transmission
of Power from Central Stations,’ etc. CW.C.U.)

V
VAN DYKE, Prof. Henry^ D.D., LL.D.-,

Professor of English Literature, Princeton
University; author of ‘The Poetry of Tenny-
son,’ ‘Little Rivers,' ‘The Gospel for an Age
of Doubt,’ ‘The Toiling of Felix, and other
Poems,’ etc. (H. van D.)

VAN DYKE, John Charles, L.H.D.;
author of ‘History of Painting,’ ‘Old Dutch
and Flemish Masters,’ etc. (J. 0. Van D.)

VASCONCEIiIjOS, Captain Ernesto de:
Secretary of the Committee of Colonial Carto-
graphy, Department of Marine and Fisheries,
Portugal ; Secretary of the Lisbon Geographical
Society; author of ‘As Colonias Portuguesas,’
etc. (E. DE V.)

VAUGHAN, H.E. Herbert, Cardinal,
D.D., Priest of the Title of SS. Andrew ana
Gregory on the Coelian Hill; Archbishop of
Westminster ; Bishop of Salford, 1872-92 ; author
of a large number of pamphlets and letters con-
cerning educational, social, and religious ques-
tions, etc. E. V.)

VERDINOIS, Frederigo: Italian man of
letters ; translated ‘ Oantico di Natale ’ and ‘ La
Piccola Dorrit’ from Dickens, Shakespeare’s
‘ Midsummer Night’s Dream,* etc. (P. V.)

VERNON-HARCOURT, Deveson
Francis, M.A., M.I.aB. ; Professor of Civil
Engineering at Univ. Coll. London

;
proceeded

to India, 1896, to inspect the river Hugli, report-
ing to Calcutta Port Commissioners ; British
Member of Jury for Civil Engineering, Paris
Exhibition, 1900 ; author of ‘River Engineering,’
‘Water Supply,’ in Ninth Edition ‘Bncy.
Brit.,' ‘Rivers and Canals,’ ‘Harbours and
Docks,’ ‘Achievements in Engineering,’ ‘Civil

Engineering as applied in Construction,’ etc.

(L. P. V.-H.)

VERWORN, Max, M.D., Ph.D. ; Professor of
Physiology, Jena, author of ‘AJlgemeine Phy-
siologie,’ ‘ Psycho - physiologische Protisten -

Studien,’ etc. (M. V.)

VETCH, Col. Robert Hamilton, R.E.,
C.B. ; employed on defences of Bermuda, Bristol
Channel, Plymouth Harbour, and Malta, 1861-

1876; Secretary of R.E. Institute, Chatham,
1877-1883 ; commanded R.B. Submarine Mining
Batt., 1884; Assistant Inspector-General of
Fortifications at War Office, 1884-89; Deputy
Inspector - General of Fortifications and Sec-
retary of the Defence Committee, and of the
Joint Naval and Military Committee on Defence,
War Office, 1889-94 ; Chief Engineer in Ireland
and Colonel on Staff, 1894-98 ; author of * Gror-

don’s Campaign in China,’ ‘Life of Lieut.-Gen.
Sir Gerald Graham ’

; edited ‘ The Professional
Papers of the Corps of R.B.’ ; also the ‘R.B.
Journal,’ 1877-84. (R. H. V.)

VIliliARS, Paulj Knight of the Legion of
Honour; and London Correspondent of ‘Le
Journal des D6hats,’ ‘ Le Figaro,’ etc. ; author
of ‘Sketches of England,’ ‘Scotland and
Ireland,’ etc. (P. V^)

VINEliEI, Dr Marcello; editor of ‘La
Unione Sarda,’ Cagliari, Sardinia. (M. Vi.)

VINES. Sydney Howard, D.Sc. London,
M.A., D.Sc. Camb., F.B.S.; President of the
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Linnean Society of London
; Sherardian Pro-

lessor of Botany, Oxford ; Fellow of Magdalen
College; Fellow and Lecturer of Christ’s Coll.

Cambridge, 18T6; Reader in Botany, Cambridge,

1883 ;
Hon. Fellow of Christ’s CoU. Cambridge,

1897 ;
author of ‘Reproduction,* etc., in Ninth

Edition of ‘Bncy. Brit.,’ ‘Lectures on the
Physiology of Plants,’ ‘A Student’s Text-Book
of Botany,’ papers in various scientific journals,

etc. (S. H. V*.)

w
WAALS. J. D. van der j Doctor of Math,

and Physios, Leyden; Professor of Physics,

Amsterdam; Gen. Sec. Royal Academy of

Sciences, Amsterdam ; Cor. Member de
I’Acad^mie des Sciences de Paris, etc. ; author
of ‘ The Continuity of the Gaseous and Liquid
States of Matter,’ etc. (J. D. v. n. W.)

WADSWORTH, S., M.A.
;
Barrister-at-Law,

of the Inner Temple and of Lincoln’s Inn;
joint-editor of the 17th edition of Davidson's
‘ Concise Precedents inConveyancing. ’ (S. Wa.)

WAGBR, HaroldW. T., F.L.S.; formerly
Lecturer in Biology, Yorkshire Coll. Leeds;
H.M. Inspector of Science Schools

;
author of

‘ Memoirs on Cytology and Reproduction of the
Lower Organisms,’ etc. (H. W*.)

WAGNER, Dr Hermaun ; Professor of Geo-
graphy in Gottingen University; author of
‘ Germany (Geography) ’ in Ninth Edition of
‘ Bncy. Brit.,’ ‘Lehrbuch der Geographie,’ editor
‘ Geographisches Jahrbuch,’ etc. (R Wa.)

WAIiDSTEIN, diaries. Litt.D,, Ph.D.,
L.H.D. ; Knight Commander of the Order of
the Redeemer; and Ernestine Saxon Order;
Fellow of King’s College, Cambridge, 1894;
member of Council of British Archaeological

School, Athens, etc.
;

Lecturer in Classical

Archaeology in univ. of Camb., 1880 ; Director
of Fitzwilliam Museum, Camb., 1883-89 ;

Director of American Archaeological School,

Athens (retaining Readership at Camb.), 1889-

1893, retaining Professorship there till 1896 ;

Slade Professor of Fine Art, 1895-1901
;
author

j

of ‘Balance of Emotion and Intellect,’ 1878,
* Essays on the Art of Phidias,’ 1885, ‘ The Work
of John Ruskin,’ 1894, ‘The Study of Art in

Universities,’ 1895, * The Expansion of Western
Ideals’ and the ‘World’s Peace,’ 1899, ‘The
Jewish Question ’ and the ‘ Mission of the Jews,’

1899, and numerous reports of excavations and
archaeological memoirs. (0. W*.)

WAIiKER, James, D.Sc., F.R.S. ; Pro-
fessor of Chemistry, University College,

Dundee. (J. Wal.)

WALKER, Norman, M.B., F.B.C.F.;
Assistant Physician of Edinburgh Infirmary;
part author of ‘ An Introduction to Dermato-
logy.* (N. W.)

WALLACE, Sir Donald Mackenzie,
K.O.I.B., K.C.V,0. ; Private Secretary to
Marquesses of Dufferin and of Lansdowne as

Viceroys of India, 1884-89; attached to the
Czai'ewitch as political officer during his tour
in India and Ceylon, 1890-91 ; Director of the
Foreign Department of ‘The Times,’ 1891-99;
Assist. Private Secy, to H.R.H. the Duke of

Cornwall and York dnring Ms colonial tonr,

1901; member of Institut de Droit Inter-

national and Offlcier de I’Instmction Publiqne
of Prance; joint -editor of New Volumes
of ‘Encyclopaedia Britannica”; author of
‘Russia,’ ‘Egypt and the Egyptian Question,’

etc. (D, M. W.)

WALLACE, William, M.A., LL.D. ; assistant

editor of the ‘Glasgow Herald’; author of
‘Bums and Mrs Dunlop,’ ‘ Scotland Yesterday*

;

edited ‘Chambers’s Life and Works of Bums,’
etc.

i
(W. Wa.)

WALLIS, John Edward Power, M.A.;
Advocate-General of Madras; Inns of Court
Reader in Constitutional Law, 1892-97

;
author

of ‘ State Trials ’ for the State Trials Committee,
and numerous articles on constitutional law
and history. (J. B. P. W.)

WALPOLE, Sir Spencer, K.C.B., Hon.
LL.D. Bdm.; Inspector of Fisheries, 1867;
Lieat.-Govemor of the Isle of Man, 1882 ; Secre-

tary to the Post Office, 1898-99; author of
‘History of England from 1816,’ ‘ Life of Rt.
Hon, Spencer Perceval,’ ‘Life of Lord John
Russell, * The Electorate and the Legislature,’

‘Foreign Relalaons,’ ‘The Land of Home
Rule. (S. W.)

WALTOI^ Ron. Sir Joseph, KC. ; Judge
of the IBSng’s Bench Div. ; chairman of the
General Council of the Bar, 1899 ; Recorder of
Wigan, 1895-1901; author of ‘Practice and
Procedure of Court of Common Pleas at Lan-
caster.’ (W.)

I

WARD, H. MarshaU, D.Sc., P.R.S., F.L.S.,
F.R.Hort.S. ; Professor of Botany, Cambridge

;

Fellow of Sidney Sussex College, Cambridge;
Hon. Fellow of Christ’s College, Cambridge;
President of the British Mycological Society

;

corresponding Member Cryptogamic Society of
Scotland; Cryptogamic Botanist to Ceylon
Government, 1880-82 ; Berkeley Fellow, Owens
ColL, 1882 ;

Fellow of Christ’s Coll., 1883 ;

Professor of Botany in Forest School, Cooper’s
Hill, 1885-95; author of ‘ Schizcmycetes ’ in

Ninth Edition of ‘Ency. Brit.,’ ‘Timber and
some of its Diseases,’ ‘The Oak,’ ‘Sachs’ Lec-
tures on the Physiology of Plants,’ * Laslett’s

Timber and Timber Trees,’ ‘ Diseases of Plants,’
‘ Grasses,' ‘ Disease in Plants.’ (H. M. W.)

WARD, James, M.A., LL.D., D.Sc. ; Fellow of
Trin. Coll. Camb. and Professor of Mental
Philosophy, Cambridge ; Gifford Lecturer,
University of Aberdeen, 1895-97; author of
‘Herbart,’ ‘Psychology,’ in Ninth Edition
of ‘Ency. Brit.,’ ‘Naturalism and Agnos-
ticism.’ (J. W*.

)

WARD, Robert de C., A.M. ; Instructor in
Climatology Harvard University. (R.deO.W.)

WATERHOUSE, Major-Gen. James;
Unemployed Supernumerary List, Indian Staff
Corps ; Vice-President Roy. Phot. Soc. ; Hon.
Mem. Vienna Phot. Soc. 1901 ; Indian Ordnance
Dept. 1866; Assist. Surveyor-Gen. in charge
of photographic operations in the Surveyor-
General’s Office, Calcutta, 1866-97 ; took part
in the observation of total eclipses, 1871 and
1875, and of transit of Venus, 1874 ; President
of the Asiatic Society of Bengal, 1888-90;
awarded Roy. Phot. Soc. Progress Medal, 1890,
also Vienna Phot. Soc. Voigtlander Medal, 1895

;

author of ‘The Preparation of Drawings for
Photographic Reproduction,’ and numerous
papers in the ‘Bengal Asiatic Society’s Joumar
and various photographic journals and publi-
cations. (J. Wa*.)

WATSON, Alfred Edward Thomas
(‘ Rapier ’)

; editor of the ‘ Badminton Library ’

and ‘ Badminton Magazine *
; musical and dra-

matic critic of the ‘Standard’; edited the
‘Illustrated Sporting and Dramatic News,*
writing under the signature ‘ Rapier,’ 1880-95

;

author of ‘Sketches in the Hunting Field,’
‘ Race Course and Covert Side,’ ‘ Types of the
Turf,’ ‘Steeplechasing,’ chapters in the Bad-
minton volumes on Hunting, Riding and
Driving, Racing and Chasing, ‘The Turf,’

etc. (A. E. T. W.)

WATSON, Colonel Charles Moore,
C.M.G., M.A.; Deputy Inspector-General of
Fortifications, War Office; seived in Sudan
under the late Gen. C. G. Gordon, C.B., 1874-

1875 ; A.D.O. to Field-Marshal Sir Lintorn Sim-
mons, G.C.B., 1878-80; employed in Indian
Office, 1880-82 ; special service, Egyptian War,
1882 ; employed in EgyptianArmy, 1882-86, with
rank of Fasha (3rd class Osmanieh) ; Assistant
Inspector-General of Fortifications, 1891-96;
Deputy Inspector-General 1896. (0. M. W.)

WATTS, PhiUp, P.R.S. ; Director of Naval
Construction; formerly Naval Architect and
Director of War Shipbuilding Department of Sir

W. G. Armstrong, 'TOtworth and Co. (P. Wa.)

WATTS-DUNTON, Theodore; poet,
novelist, and critic ; author of ‘ Poetry,’
‘ Rossetti,’ ‘ Sonnet,* ‘ Vanbrugh,' ‘ Wycherley,'
etc., in Ninth Edition of ‘Ency. Brit.,’ ‘The
Coming of Love,' ‘Aylwin’ ; edited ‘ Lavengro,’
etc. (T. W. D.)

WAUGH, Arthur: London Correspondent to
the ‘New York Critic,’ 1893-97 ;

literary adviser

to Kegan Pauland Co. Ltd. ;
author of ‘ Gordon

in Africa,’ ‘Alfred, Lord Tennyson’; edited

‘Johnson’s Liv^ of the Poets’ ; edited the

‘Pamphlet Library,* ‘Legends of the Wheel,’
‘ Robert Browning.’ (A. Wa.)

WEBB, Gen. Alexander Stewart ; Presi-

dent of the College of the City of New York

;

Brig. -Gen. of Volunteers in the Civil War

;

author of ‘ T^e Peninsula,’ ‘ M‘Clellan’s Cam-
paign of 1862,’ etc. (A. S. W*.)

WEBBER, Maj.-Gen. C. E., C.B.,

M.I.C.B., M.I.B.B.; Indian Mutiny, 1867-60;

instructor in topography, B.M.A. ; with Prus-

sian Army in 1866; Paris Exhibition, 1867;
Egyptian expedition, 1882; Nile expeditions,

1884-85 ; founder (with late Sir Francis Bolton)

and past President of the Institulfion of Elec-

trical Engineers; author of various articles

on military subjects, Telegraphy, Telephony,

and Electric^ Engineering. (0. B. W.)

WEBER, Gnstavns A.; U.S. Dept, of
Labour, Washington, D.C. (G. A. W.)

WEDMORE, Frederibk; art critic of the
‘ Standard,’ London ; author of ‘ Pastorals of

B^nce,’ ‘Renunciations/ ‘Bn^h Episodes/

and ‘Orgeas and Miradou/ with other short

stories and imaginative nieces
;

‘ The Life of

Bidzac,’ ‘Studies in English Art,* ‘M6ryon,*

‘Etching in England,’ ‘Fine Prints: On
Books and Arts,’ ‘ The Collapse of the Peni-
tent.’ (F. Wn.)

WELCH, Lewis S-, A.B. ; editor of the ‘ Yale
Alumni Weekly.’ (L. S, W.)

WELDON, Walter F, R., M.A., D.Sc.,
F.R.S. ; Lmacre Professor of Comparative Ana-
tomy, Oxford; late Fellow of St John’s Coll.

Cambridge ; late Jodrell Professor of Compara-
tive Anatomy and Zoology, University Coll.

London. (W. P. R. W.)

WELLS, Joseph, M.A. ; Fellow and Tutor,

Wadham College, Oxford; Delegate of Local
Examinations, for Extension of University
Teaching and for Training of Teachers ; on
Oxford and Cambridge Schools Examining
Board ; author of ‘A Short History of
Rome,’ ‘ Oxford and its Colleges,’ ‘Wadham
College.’ (J. We*.)

WELLS, Captain Lionel de Lantonr,
R.N. ; Chief Officer, Metropolitan Fire

Brigade; author of ‘Jack Afloat,’ ‘M.F.B.
Drill-hook.’ (L. deL. W.)

WESTLAKE, John, K.C., LL.D.; Professor
of International Law, Cambridge ; author of ‘A
Treatise on Private International Law, or the
Conflict of Laws,' ‘ Chapters on the Principles

- of International Law.’ (Jno. Ws.)

WETHERELL, W.j assistant editor, ‘ Liver-

pool Daily Post.’ (W. We.)

WHATES, H.; assistant editor of the
‘ Standard ’

;
editor of the ‘ Politician’s Hand-

book.’ (K Wh.>

WHEATLEY, Henry Benjamin; Asst.
Secretary, Society of Arts, Assistant Sec. Brit.

Royal Commission, Section of Chicago Exhibi-
tion, 1893; Hon. Sec. Early English Text
Society, 1864-72

;
Treasurer, 1872-1901 ; author

of ‘ Index/ etc., in Ninth Edition of ‘ Bncy.
Brit.,' ‘Anagrams,’ ‘Round about Piccadilly

and Pall Mall/ ‘What is an Index?’ ‘Samuel
Pepys and the World he lived iu,’ ‘How to
form a Library,’ ‘How to Catalogue a Library/
‘ London Past and Present,’ ‘New Edit. Pepys'
Diary,’ ‘Historical Portraits,' ‘Prices of Books,'
‘ Pepysiana,' etc. (H. B. W*.)

WHEELER, Maj.-Gen. Joseph; Member
of U.S. Congress, 1881-99; Lieut. -Gen. and
Senior Cavalry General of the Confederate
Armies in the Civil War; in charge of the
cavalry under Gen. Joseph E. Johnston

; Maj.-
Gen. of Volunteers, U*8.A, Span. -American
War. (J. Wh.>

WHETHAB^ William Cecil Dampier,
M.A., F.R.S.; FeUow of Trinity Coll. Cam-
bridge

;
LectureronPhysics, Cambridge

;
author

of various papers on scientific subjects, and
of text-book on ‘Solution and Electrolysis/

etc. (W. C. D. W.)

WHITAKER, Edgar; editor of the ‘Con-
stantinople Messenger’; author of ‘The Out-
look in Asiatic Turkey ’

; translated Giacometti’s
‘ Russia's Work in Turkey,* etc. (B. W*.>

WHITE, Horace; editor ofthe N.T. ‘Evening
Post’; sometime editor of the ‘Chicago
Tribune’; author of ‘The Silver Question,’

‘The Tariff Question,’ ‘Money and Banking/
* The Gold Standard,’ etc. (H. Wh*.>

WHITE, James ; Department of the Interior,

Ottawa. (J. Wh*.>

WHITE, James Forbes, M.A« LL.D. ; art
critic; author of ‘Rembrandt,* ‘Velasquez/ in

the Ninth Edition ofthe ‘ Ency. Brit.’ (J. F. W.)

WHITPBLD, W. H,; successor to ‘Caven-
dish ’ on the ‘ Field.’ (W. H. W* >

WHYTE, Frederic W.; author and dra-

matic critic; author of ‘Actors of the Cen-
tury’; traus. of A- Filon’s ‘English Stage,’

etc. (F.W.W.>

WILHELM f C.j designer of theatrical spec-

tacle; author of ‘Essays on Ballet and Spec-

tacle,’ etc. (0. Wi.>

WILKINSON, Henry Spenser, M.A., on
staff of the * Morning Post’ ; author of ‘ Citizen

Soldiers,’ ‘Essays ou the War Game,’ ‘Exer-

cises in Strategy and Tactics’ (from the Ger-

man), ‘The Command ofArfciUe^in the Army
Corps and the Infantry Division’ (from the

German), ‘ The Brain of an Army/ ‘ The Volun-

teers and the National Defence,' ‘Imperial

Defence’ (in collaboration with Sir Charles

Dilke), ‘The Great Alternative, a Plea for a
National Policy,’ ‘The Command of the Sea/

‘The Brain of the Navy,’ ‘British Policy in

South Africa,’ ‘Lessons of the War/ ‘War and

Policy.’ ^ S-

WILLCOX, Walter P., LL.H, :^D. ; Chief

Statistician, U.S. Census Bureau; Professor of

Social Science and Statistics, Cornell Uni-

versity ; Member of the AmeripOan Serial Science
Association, and Secretary of the American
EconomicalAworiation ;

author of ‘The Divoroa
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Pr'^Nem A Study m Statistics, ‘ Social Sta-

tistic*? of the United States, etc (W F W)
WlLLEYi A., B Sc (A W* )

WILIiIAMS, Aneiirm^ author of ‘Relation

ot Co operative Movements to National and
International Commerce etc (A Wi*

)

WTXiIflAIfIS. E. H. , M D formerly Associate
^ rasoi of Pathology, State University of
io a

,
and Assistant Physician at the Hospital

for ttie Insane, Matteawan, N Y
,
and at the

H^-jliattan State Hospital, N Y (E H W)
WTLlalAhfS, Sir E. Eeader; consulting

engineer Manchester Ship Canal
, engaged as

engineer since 1846 on the works of the Great
Northern Railway, Shoreham and UoVer Har
hours, Bivei Weaver and Bridgwater Canal
Navigations , chief engineer of the Manchester
Ship Canal during its construction

,
Member of

Council of Institution ofCivil Engineers
,
author

of papers printed in ‘Proceedings of Institution

of Civil Engineers (E L W)
WILEIAIVES^ Henry Smith, M D , B Sc ,

former lecturer m the Hartford School of Socio
logy* USA, editor of forthcoming ‘ History
of the World m 26 volumes, author of ‘The
Story ot Nineteenth Century Science ‘The
History of the Art of Writing, ‘ The Lesson of
Heredity etc (H S W*

)

WILLIAMS, E. Vaughan^ BA , Mus
Doc Tnnity College, Cambridge (R V W )

WILLIAMS, Talcott: editor of the ‘Phila-

delphia Press (T W* )

WILLSON, Heckles; staft oi ‘Boston Globe,’
USA, ISS7 , correspondent in Cuba, 1888

,

editor, ‘Press of Atlanta, Georgia 1889, staff of
‘NewYork Herald, 1890 , staff of London Daily
Mail 1896 98 , author of ‘ Harold an Experi
ment, 1891, ‘Drift, 1893, ‘The Tenth Island,’

1897, ‘ The Great Company,* 1899 (B W* )

WILSON, Maj.-Gen. Sir Charles
William, RE, KOB KOMG DOL,
LL D

,
PBS

,
secretary to North Amencan

Boundary Commission, 1858 62, surveys of
Jerusalem and Palestine, 1864-66, Ordnance
Survey of Scotland 1866 68 , survey of Sinai,

1868 69 , director Topbgraphical Department
W 0 ,

and A Q M G Intelligence Department,
1869 76 , Ordnance Survey of Ireland, 1876 78 ,

Royal Commission on Registration of Deeds and
Insurances in Ireland, 187b British Commis
sioner Servian Boundary Commission, 1878 79

,

Consul Gen Anatolia, 1879 82 special mission
to Eastern Bumelia, 1880, and to Consulates
in Asiatic Turkey, 1881 , special servicem Egypt
and attached to Lord Duffenn s mission 1882

1883, DAG (Intelligence Department) Nile
Expedition, 1884 85 ,

Ordnance Survey of Ire

land 1885 86 , Director Gen Ordnance Survey,
1886 94 , Director Gen of Military Education,
1895 98 ,

president Geographical Section British
Association Belfast, 1874 , Bath, 1888 , Vice
President Royal Geographical Society, 1897-

^901, author of ‘Notes to Ordnance Survey
of Jerusalem, ‘Notes to Ordnance Survey of
Smai (part), ‘ Pictures<iue Palestine (Jeru
Salem vol ),

‘ Prom Korti to KhartCim * Life of
Lord Clive Murray s Handbooks to ‘ Constant!
nople and Asia Minor (0 "W W)

WILSON, W. J.; of the Canadian Geological
Survey (W J W)

WINTER, Miss E. G- , contributor to ‘ The
Times Gazetteer (B G W)

WOLCOTT, Hon. Ro^er, the late
, Governor

of Massachusetts, 1897 99 (R Wo )

WOLF, Lucienj sub editor and leader writer,
‘Jewish World, 1874 98, staff of ‘Daily
Graphic London correspondent ‘ Le Journal,
Pans , Fellow of Inst of Journahsts

, first Pre
sident and now Vice Piesident of Jewish His
toncal Society of England , author of * Sir Moses
Montefiore , joint editor with Joseph Jacobs
of ‘Bibliotheca Anglo Judaica

, ‘MenassehB
Israels Mission to Oliver Cromwell , many
essays on foreign and colonial pohtics m ‘ Port
nightly Review,’ ‘Nmeteenth Century, and
other magazines (L W)

WOLFF, Rt. Hon. Sir Henry Drum-
mond, GOB, G 0 M G , Ambassador
Extraordinary and Plenipotentiary at Madnd,
1892 1900 author of a ‘Life of Napoleon at
Elba , ‘Memnon, Letters on the Suez Canal
‘Some Notes of the Past (H D W)

WOOD, General Sir Evelyn, GOB,
G C M G VC, commanding 2nd Army Corps

,

entered Navy 1852, served in Crimea with
Naval Bngade, 1 Oct 1864 to 18 June 1855

,

Knight of Legion of Honour, Medjidieh,
Turkish medal, Ashantee, Kafiir Eulu, and
Transvaal Wars IS^O 81 , commanded Chatham
District, 1882 88 , 2nd Brigade (2nd Division)
Expedition to Egypt, 1882 , raised the Egyptian
Army 1883 , served in Nile Expedition, 1894 95

,

commanded Eastern Distnct 1886 88 Aldershot
Division, 1889 93 Quartermaster Gen to the
Forces, 1893 97 , Adjutant GeneiUl to Forces,
1897 1901 , author of ‘The Crimea m 1854 94,
‘ Cavalry at Waterloo, * Achievements of
Cavalry (B Wo

)

WOODBERRY, George Edward, A B ,

Professor of English Literature Columbia Uni
versity, New York author of ‘ The North Shore
Watch ‘Life of B A. Poe, ‘Heart of Man,’
‘Studies in Letters and Life, ‘Makers of
Literature, etc (G E W)

WOODHEAD, Germau Sims, MA MD
Edin , FRCP Ed, PRSBd, Fellow of
Tnnity Hall Cambridge , Prof of Patholo^,
Cambridge Umv , smee 1899 formerly Director
of the Laboratones of the Conjoint Board of
the Royal Colleges of Physicians (London) and
Surgeons (England) , President Royal Medical
Society, acted as Assistant Commissioner to
the Royal Commission on Tuberculosis, 1892 95

,

Surgeon Capt Volunteer Medical Staff Corps

,

author of Practical Pathology, ‘Pathological
Mycology (with Arthur W Hare, MB), Bac
teria and their Products ‘ Report to the Royal
Commission on Tuberculosis, ‘ Report on Diph
thena to the Metropolitan Asylums Boaid
editor of the ‘Journal of Pathology and Bic
tenology (G S W)

WOOlWARD, Arthur Smith, F R S
, HonLL D (Glasgow) Asst Keeper of Geology

British Museum author of ‘Cat of Fossil
Fishes in the British Museum Outlines of
Vertebrate Palaeontology, etc (A S Wo )

jtiuxessur gx
International Law, Yale University

, editor of
‘Woolseys International Law (6th ed ), and
of ‘Pomeroys International Law

, author of
‘Americas Foreign Policy (T S W)

WORCESTER, Dgslu Consmt : Assistant
Professor of Zoology, University of Michigan

,

Member of the First and Second U S Philip
pines Commission , author of The Philippine
Islands and their People (DOW)

WRIGHT^ Hon. Carroll Davidson; US
Commissioner of Labour, author of ‘Factory
System ofthe United States, * Strikes and Lock
outs ‘Cost of Production of Iron Steel etc
‘Industrial Evolution of the United States,
* Outhne of Practical Sociology, etc (0 D W )

WRIGHT, Charles Theodore Hagberg,
B A

,
LL D ,

Secretary and Libranan, London
Library , Assistant Libranan, National Library
of Ireland, 1890 93 (0 T H W )

r ^ lib ^ MMULAwa v-V JLXXKf jPUU4h UX
Poultry, ‘ The Practical Poultry Keeper, ‘The
Poultry Club Standards

, editor of ‘Pultons
Book of Pigeons, etc (L Wr)

WYATT. J. W., AMICE, Pellow Ro>
Indian Engineering Coll

, Coopers Hill, author
of ‘ The Art of Making Paper, etc (J W W

)

Y
YOUNG, Alexander Bell Filson: assistant

editor of the ‘ Pilot since 1901 , special war
correspondent of the ‘Manchester Guardian
S A author of vanous songs and mstru
mental works ‘The Relief of Mafekmg Five
Lyrics ‘A Volunteer Bngade ‘Master
singers, etc (A B F Y)

YOUNG, Rev. William; for many years
Minister at the English Presbyterian Church,
Kersal, Manchester, Joint Secretaiy of the
Religious Tract Society (W Y)

z
ZIMMERN, Miss Alice; author of ‘The

Renaissance of Girls, ‘ Education in England
‘Methods of Education, etc (A Z)
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